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              Outline

- Physics behind and beyond SM


- Search for BSM at Energy and Precision Frontier


- My Plan at TDLI
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A great leap towards the dynamics of EWSB!

               Milestone



               Higgs Coupling Precision
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<latexit sha1_base64="9zv7seKtqQUiBNm6TkJtS8U5O18=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZLoS4siY/qsujGnRXsA5pQJtNJO3QyCTMToYRs/BU3LhRx62e482+ctFlo64ELh3Pu5d57vIhRqSzr2ygsLa+srhXXSxubW9s75u5eW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+CbzO49ESBryBzWJiBugIac+xUhpqW8eOAFSI4xYcpdWL5wKPIFnllM57ptlq2ZNAReJnZMyyNHsm1/OIMRxQLjCDEnZs61IuQkSimJG0pITSxIhPEZD0tOUo4BIN5k+kMKKVgbQD4UuruBU/T2RoEDKSeDpzuxcOe9l4n9eL1b+lZtQHsWKcDxb5McMqhBmacABFQQrNtEEYUH1rRCPkEBY6cxKOgR7/uVF0j6t2fVa/f683LjO4yiCQ3AEqsAGl6ABbkETtAAGKXgGr+DNeDJejHfjY9ZaMPKZffAHxucPjoKUcQ==</latexit>

O(5%� 30%)
HL-LHC

<latexit sha1_base64="KAoAuUp+9LrPOyp+yBBPzzwWpsk=">AAACAHicbVDLSsNAFL2pr1pfURcu3AyWQl1YkiLVZdGNOyvYBzShTKaTdujkwcxEKKEbf8WNC0Xc+hnu/BsnbRZaPXDhcM693HuPF3MmlWV9GYWV1bX1jeJmaWt7Z3fP3D/oyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uc787gMVkkXhvZrG1A3wKGQ+I1hpaWAeOQFWY4J5ejur1p0KOkO25VROB2bZqllzoL/EzkkZcrQG5qczjEgS0FARjqXs21as3BQLxQins5KTSBpjMsEj2tc0xAGVbjp/YIYqWhkiPxK6QoXm6s+JFAdSTgNPd2bnymUvE//z+onyL92UhXGiaEgWi/yEIxWhLA00ZIISxaeaYCKYvhWRMRaYKJ1ZSYdgL7/8l3TqNbtRa9ydl5tXeRxFOIYTqIINF9CEG2hBGwjM4Ale4NV4NJ6NN+N90Vow8plD+AXj4xuGyJRs</latexit>

O(2%� 10%)

SM-like!



- Quantum Mechanics + Lorentz invariance


- Gauge invariance


- Renormalizability


             Behind the SM



   Renormalizability as a consequence

mt,mW,Z ⇠ O(100GeV)
<latexit sha1_base64="P6XxJ/5C8ZeHO+c43radQByyq8A=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgtlJJUQZdFF7qzgn1gE8JkOmmHziRhZiKU0G9w46+4caGIW1fu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6NpaWV1bX1gsbxc2t7Z1dc2+/LaNEYNLCEYtE10eSMBqSlqKKkW4sCOI+Ix1/dJn5nQciJI3COzWOicvRIKQBxUhpyTMr3FNVyL20U72fQEdSDh2O1BAjlt5MyrZlOYLDK9KueGbJqllTwEVi56QEcjQ988vpRzjhJFSYISl7thUrN0VCUczIpOgkksQIj9CA9DQNESfSTacvTeCxVvowiISuUMGp+nsiRVzKMfd1Z3aunPcy8T+vl6jg3E1pGCeKhHi2KEgYVBHM8oF9KghWbKwJwoLqWyEeIoGw0ikWdQj2/MuLpF2v2Se1+u1pqXGRx1EAh+AIlIENzkADXIMmaAEMHsEzeAVvxpPxYrwbH7PWJSOfOQB/YHz+AICwnBc=</latexit>

⇤UV . 1018GeV
<latexit sha1_base64="Qu3wwxSUaiG/tJEsPLDom6lckfQ=">AAACFHicbVA9SwNBFNyLXzF+RS1tFoMgCOEuCqYMWmhhEcFcArkY9jYvyZLdu2N3TwjH/Qgb/4qNhSK2Fnb+GzfJFZo4sDDMzOPtGz/iTGnb/rZyS8srq2v59cLG5tb2TnF3z1VhLCk0aMhD2fKJAs4CaGimObQiCUT4HJr+6HLiNx9AKhYGd3ocQUeQQcD6jBJtpG7xxLsx4R7pJp4UuOGm2OOglGICO/Z94lRTPHWuwE27xZJdtqfAi8TJSAllqHeLX14vpLGAQFNOlGo7dqQ7CZGaUQ5pwYsVRISOyADahgZEgOok06NSfGSUHu6H0rxA46n6eyIhQqmx8E1SED1U895E/M9rx7pf7SQsiGINAZ0t6scc6xBPGsI9JoFqPjaEUMnMXzEdEkmoNj0WTAnO/MmLxK2UndNy5fasVLvI6sijA3SIjpGDzlENXaM6aiCKHtEzekVv1pP1Yr1bH7Nozspm9tEfWJ8/BQydiA==</latexit>

L ⇠ (@�)2 +m2�2 + �4�
4

+ �6�
6 + �8�

8 + · · ·
<latexit sha1_base64="YxvyWslyz9VTpMoY+cVqFgouS/I="></latexit>

L ⇠ (@�)2 +m2�2 + �4�
4

+O

✓
E2

⇤2
UV

◆

<latexit sha1_base64="fVwJq9prybanZWlsE6kMHdEQyPI="></latexit>

RGE 

Wilson 71’
Wilson and Kogut 74’

Polchinski 83’



- SM as an effective field theory


- C, CP, U(3)^5 are all accidental symmetries


- All the terms consistent with symmetries will be 
generated from RGE


             Behind the SM



m2
h

M2
P

⇠ 10�34

<latexit sha1_base64="eZtBWHcv7QA+hUpl5BTAdwOP/78=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGxUCVtJRgrWFiQikQfUpNGjuu0Vu0ksh2kKsrMwq+wMIAQK1/Axt/gthmg5UhX9+ice2Xf48eMSmVZ30ZhZXVtfaO4Wdra3tndM/cP2jJKBCYtHLFIdH0kCaMhaSmqGOnGgiDuM9Lxx9dTv/NAhKRReK8mMXE5GoY0oBgpLXnmsRMIhFPujfrVLL31mrpBR1IObaufntfqmWeWrYo1A1wmdk7KIEfTM7+cQYQTTkKFGZKyZ1uxclMkFMWMZCUnkSRGeIyGpKdpiDiRbjo7JYOnWhnAIBK6QgVn6u+NFHEpJ9zXkxypkVz0puJ/Xi9RwaWb0jBOFAnx/KEgYVBFcJoLHFBBsGITTRAWVP8V4hHS2SidXkmHYC+evEza1Ypdq1Tv6uXGVR5HERyBE3AGbHABGuAGNEELYPAInsEreDOejBfj3fiYjxaMfOcQ/IHx+QNaGplh</latexit>

    
Where  is  the small electroweak scale  coming from?

              Physics BSM: Hierarchy problem



              Physics BSM: Empirical Evidence

- Baryon Asymmetry


- Dark Matter


- Neutrino Masses


- Flavor Puzzle


- etc.




          t’ Hooft Naturalness: SM Lesson

⇤UV ⇠ 1018GeV

Enhanced Chiral symmetry!

⇤QCD ⇠ 1GeV
<latexit sha1_base64="P6QEh8CJA5bjRUF7a5/wtpF4S78=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShYhd0oaBmMoIVFAuYB2RBmJzc6OLO7zNwVw5IfsPFXbCwUsbW382+cPAqNHhg4nHMud+4JYikMuu6Xk5mbX1hcyi7nVlbX1jfym1sNEyWaQ51HMtKtgBmQIoQ6CpTQijUwFUhoBreVkd+8A21EFF7hIIaOYteh6AvO0Erd/J5/acM91k19rWitcjakvhGKetRHuMf0HBrDXDdfcIvuGPQv8aakQKaodvOffi/iiYIQuWTGtD03xk7KNAouYZjzEwMx47fsGtqWhkyB6aTja4Z03yo92o+0fSHSsfpzImXKmIEKbFIxvDGz3kj8z2sn2D/ppCKME4SQTxb1E0kxoqNqaE9o4CgHljCuhf0r5TdMM462wFEJ3uzJf0mjVPQOi6XaUaF8Oq0jS3bILjkgHjkmZXJBqqROOHkgT+SFvDqPzrPz5rxPohlnOrNNfsH5+AaRN5qZ</latexit>

Enhanced Shift symmetry!

mh ⇠ 125GeV
<latexit sha1_base64="rpXSJzi4s2o42qpXcWyVoVqJ/ZE=">AAACAXicbVBNS8NAEN34WetX1YvgZbEInkpSFT0WPeixgv2AJpTNdtou3U3C7kQsoV78K148KOLVf+HNf2PS9qCtDwYe780wM8+PpDBo29/WwuLS8spqbi2/vrG5tV3Y2a2bMNYcajyUoW76zIAUAdRQoIRmpIEpX0LDH1xlfuMetBFhcIfDCDzFeoHoCs4wldqFfdXuU9cIRZ3yGXURHjC5hvoo3y4U7ZI9Bp0nzpQUyRTVduHL7YQ8VhAgl8yYlmNH6CVMo+ASRnk3NhAxPmA9aKU0YAqMl4w/GNGjVOnQbqjTCpCO1d8TCVPGDJWfdiqGfTPrZeJ/XivG7oWXiCCKEQI+WdSNJcWQZnHQjtDAUQ5TwrgW6a2U95lmHNPQshCc2ZfnSb1cck5K5dvTYuVyGkeOHJBDckwcck4q5IZUSY1w8kieySt5s56sF+vd+pi0LljTmT3yB9bnD2oElZU=</latexit>

???

m⌫ ⇠ 5⇥ 10�11GeV
<latexit sha1_base64="Jn3El0l+0Zs4GYR4r6T1P5D70CU=">AAACEHicbVC7TgMxEPTxJrwClDQWEYKG6C6AoERQQBkkEpByIfI5m8SK7TvZe4jolE+g4VdoKECIlpKOv8F5FLxGsjQ7s6v1TpRIYdH3P72Jyanpmdm5+dzC4tLySn51rWrj1HCo8FjG5jpiFqTQUEGBEq4TA0xFEq6i7unAv7oFY0WsL7GXQF2xthYtwRk6qZHfVo1QpzS0QtEDGqJQYGng32S7QdB3NdxhdgbVfiNf8Iv+EPQvCcakQMYoN/IfYTPmqQKNXDJra4GfYD1jBgWX0M+FqYWE8S5rQ81RzdziejY8qE+3nNKkrdi4p5EO1e8TGVPW9lTkOhXDjv3tDcT/vFqKraN6JnSSImg+WtRKJcWYDtKhTWGAo+w5wrgR7q+Ud5hhHF2GORdC8Pvkv6RaKgZ7xdLFfuH4ZBzHHNkgm2SHBOSQHJNzUiYVwsk9eSTP5MV78J68V+9t1DrhjWfWyQ94719zLpuZ</latexit>

m⇡ ⇠ 0.14GeV
<latexit sha1_base64="5mtBpxRV2gGt5GhzSysk2CdUEjg=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHZjQI9BD3qMYB6QDWF20kmGzOwuM71iWAJe/BUvHhTx6k9482+cPA6aWNBQVHXT3RXEUhh03W9naXlldW09s5Hd3Nre2c3t7ddMlGgOVR7JSDcCZkCKEKooUEIj1sBUIKEeDK7Gfv0etBFReIfDGFqK9ULRFZyhldq5Q9X2Y0F9IxR1C16J+ggPmF5DbdTO5d2COwFdJN6M5MkMlXbuy+9EPFEQIpfMmKbnxthKmUbBJYyyfmIgZnzAetC0NGQKTCud/DCiJ1bp0G6kbYVIJ+rviZQpY4YqsJ2KYd/Me2PxP6+ZYPeilYowThBCPl3UTSTFiI4DoR2hgaMcWsK4FvZWyvtMM442tqwNwZt/eZHUigXvrFC8LeXLl7M4MuSIHJNT4pFzUiY3pEKqhJNH8kxeyZvz5Lw4787HtHXJmc0ckD9wPn8ALl6Wlw==</latexit>

Dimensional Transmutation



mh ⇠ 125GeV

               Hierarchy problem

⇤UV ⇠ 1018GeV

⇤IR & 103GeVNeed engineering the UV 
parameter

�m2
h ⇠ cUV

3y2t
16⇡2

⇤2
IR

<latexit sha1_base64="BWv1pfaTsmQ/iW/g/xDV3dOpWrM="></latexit>



              Naturalness as Guideline

- Compositeness


- Supersymmetry       


⇤IR ⇠ ⇤UVe
�8⇡2/g2

UV

Q |�i = | i Enhanced chiral symmetry

Dimensional Transmutation



mh ⇠ 125GeV

             Compositeness

⇤IR ⇠ ⇤UVe
�8⇡2/g2

UV

 Nambu-Goldstone boson

Enhanced shift symmetry!

⇤UV ⇠ 1018GeV



             Composite Higgs models: Assumption I

q, `,W,B

Elementary Strong

Goldstone boson

Kaplan, Georgi & Dimopoulos ’83
Contino, Nomura and Pomarol ’03
Agashe, Contino and Pomarol  ‘04

SM fields

H 2 SO(5)/SO(4)
<latexit sha1_base64="vGxsw4YkbtK9kTBl+AJfG3E+Pqk=">AAAB+nicbVDLTgIxFO3gC/E16NJNAzGBmOAManQ50Q07McojYQjplA40dDqTtqMhI3/h1o0LjXHrl7jjbyyPhYInuTcn59yb3h4vYlQqyxobqZXVtfWN9GZma3tnd8/M7tdlGAtMajhkoWh6SBJGOakpqhhpRoKgwGOk4Q2uJ37jgQhJQ36vhhFpB6jHqU8xUlrqmNkKdCmHdzeF8+KJ7mfFjpm3StYUcJnYc5J3cu7x89gZVjvmt9sNcRwQrjBDUrZsK1LtBAlFMSOjjBtLEiE8QD3S0pSjgMh2Mj19BI+00oV+KHRxBafq740EBVIOA09PBkj15aI3Ef/zWrHyL9sJ5VGsCMezh/yYQRXCSQ6wSwXBig01QVhQfSvEfSQQVjqtjA7BXvzyMqmXS/ZpqXxr550rMEMaHIIcKAAbXAAHVEAV1AAGj+AFvIF348l4NT6Mz9loypjvHIA/ML5+AJ9JlJ4=</latexit>

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>



 ⇢
yf , g, g

0

q, `,W,B

Elementary Strong

Partial Compositeness

H 2 SO(5)/SO(4)
<latexit sha1_base64="vGxsw4YkbtK9kTBl+AJfG3E+Pqk=">AAAB+nicbVDLTgIxFO3gC/E16NJNAzGBmOAManQ50Q07McojYQjplA40dDqTtqMhI3/h1o0LjXHrl7jjbyyPhYInuTcn59yb3h4vYlQqyxobqZXVtfWN9GZma3tnd8/M7tdlGAtMajhkoWh6SBJGOakpqhhpRoKgwGOk4Q2uJ37jgQhJQ36vhhFpB6jHqU8xUlrqmNkKdCmHdzeF8+KJ7mfFjpm3StYUcJnYc5J3cu7x89gZVjvmt9sNcRwQrjBDUrZsK1LtBAlFMSOjjBtLEiE8QD3S0pSjgMh2Mj19BI+00oV+KHRxBafq740EBVIOA09PBkj15aI3Ef/zWrHyL9sJ5VGsCMezh/yYQRXCSQ6wSwXBig01QVhQfSvEfSQQVjqtjA7BXvzyMqmXS/ZpqXxr550rMEMaHIIcKAAbXAAHVEAV1AAGj+AFvIF348l4NT6Mz9loypjvHIA/ML5+AJ9JlJ4=</latexit>

             Composite Higgs models: Assumption II

M⇤ ⇠ g⇤f
<latexit sha1_base64="NtM/h9mLBc+A/ienNsVXLMezEL4=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiiIsy0wq6LLpxI1SwF2jHkkkzbWiSGZKMUoa+hxsXirj1Xdz5NqbtLLT1h8DHf87hnPxBzJk2rvvt5FZW19Y38puFre2d3b3i/kFTR4kitEEiHql2gDXlTNKGYYbTdqwoFgGnrWB0Pa23HqnSLJL3ZhxTX+CBZCEj2Fjr4bZ3hrqaCTSwEPaKJbfszoSWwcugBJnqveJXtx+RRFBpCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxKLGg2k9nV0/QiXX6KIyUfdKgmft7IsVC67EIbKfAZqgXa1Pzv1onMeGlnzIZJ4ZKMl8UJhyZCE0jQH2mKDF8bAETxeytiAyxwsTYoAo2BG/xy8vQrJS9arlyd16qXWVx5OEIjuEUPLiAGtxAHRpAQMEzvMKb8+S8OO/Ox7w152Qzh/BHzucPiAyROw==</latexit>

⇠ =
v2

f2 Measure the fine-tuningKaplan, Georgi & Dimopoulos ’83
Contino, Nomura and Pomarol ’03
Agashe, Contino and Pomarol  ‘04



             Partial compositeness: AdS

z0 ⇠ 1

Mp
<latexit sha1_base64="jhfJrDyXev6cYuNuEgZsr/d9grI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkCrosunEjVLAPaEKYTCft0JlJmJkINWbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994TJowq7TjfVmlpeWV1rbxe2djc2t6xd/faKk4lJi0cs1h2Q6QIo4K0NNWMdBNJEA8Z6YSjq4nfuSdS0Vjc6XFCfI4GgkYUI22kwD54CBzoKcqhF0mEMzfPboIkD+yqU3OmgIvELUgVFGgG9pfXj3HKidCYIaV6rpNoP0NSU8xIXvFSRRKER2hAeoYKxInys+n9OTw2Sh9GsTQlNJyqvycyxJUa89B0cqSHat6biP95vVRHF35GRZJqIvBsUZQyqGM4CQP2qSRYs7EhCEtqboV4iEwO2kRWMSG48y8vkna95p7W6rdn1cZlEUcZHIIjcAJccA4a4Bo0QQtg8AiewSt4s56sF+vd+pi1lqxiZh/8gfX5A1lsla4=</latexit>

z1 ⇠ 1

TeV
<latexit sha1_base64="HPNzqqIqib+iMV2NFGlHSLzGmhs=">AAACBnicbVDJSgNBEO1xjXGLehShMQiewkwU9Bj04jFCNsiE0NOpSZr0LHTXiHGYkxd/xYsHRbz6Dd78GzvLQRMfFDzeq6KqnhdLodG2v62l5ZXVtfXcRn5za3tnt7C339BRojjUeSQj1fKYBilCqKNACa1YAQs8CU1veD32m3egtIjCGo5i6ASsHwpfcIZG6haOHroOdbUIqOsrxlMnS12Ee0xr0MiybqFol+wJ6CJxZqRIZqh2C19uL+JJACFyybRuO3aMnZQpFFxClncTDTHjQ9aHtqEhC0B30skbGT0xSo/6kTIVIp2ovydSFmg9CjzTGTAc6HlvLP7ntRP0LzupCOMEIeTTRX4iKUZ0nAntCQUc5cgQxpUwt1I+YCYONMnlTQjO/MuLpFEuOWel8u15sXI1iyNHDskxOSUOuSAVckOqpE44eSTP5JW8WU/Wi/VufUxbl6zZzAH5A+vzB0CNmQE=</latexit>

c >
1

2
<latexit sha1_base64="m06MZEuH7AqLmjaCbbA4bkaDBNI=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUmqoCspunFZwT6gCWUymbRDJw9mJkIJwY2/4saFIm79Cnf+jdM0C209cOFwzr1z5x4v4Uwqy/o2lpZXVtfWKxvVza3tnV1zb78j41QQ2iYxj0XPw5JyFtG2YorTXiIoDj1Ou974Zup3H6iQLI7u1SShboiHEQsYwUpLA/Mwc4pHMkH9nKAr5AQCE2Q38oFZs+pWAbRI7JLUoERrYH45fkzSkEaKcCxl37YS5WZYKEY4zatOKmmCyRgPaV/TCIdUulmxPUcnWvFREAtdkUKF+nsiw6GUk9DTnSFWIznvTcX/vH6qgks3Y1GSKhqR2aIg5UjFaJoH8pmgRPGJJpgIpv+KyAjrDJROrapDsOdPXiSdRt0+qzfuzmvN6zKOChzBMZyCDRfQhFtoQRsIPMIzvMKb8WS8GO/Gx6x1yShnDuAPjM8fP5yWqw==</latexit>

c <
1

2
<latexit sha1_base64="gmre5ElMDVnc4BsIXdQwPXX4GcQ=">AAACA3icbVDLSsNAFL3xWesr6k43g0VwVZIq6MJF0Y3LCvYBTSiT6aQdOpmEmYlQQsGNv+LGhSJu/Ql3/o3TNAttPXDhcM69c+eeIOFMacf5tpaWV1bX1ksb5c2t7Z1de2+/peJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDP12w9UKhaLez1OqB/hgWAhI1gbqWcfZl7+SBbwlE4IukJeKDFBbm3SsytO1cmBFolbkAoUaPTsL68fkzSiQhOOleq6TqL9DEvNCKeTspcqmmAywgPaNVTgiCo/y9dP0IlR+iiMpSmhUa7+nshwpNQ4CkxnhPVQzXtT8T+vm+rw0s+YSFJNBZktClOOdIymgaA+k5RoPjYEE8nMXxEZYpOBNrGVTQju/MmLpFWrumfV2t15pX5dxFGCIziGU3DhAupwCw1oAoFHeIZXeLOerBfr3fqYtS5ZxcwB/IH1+QMRh5cg</latexit>

c =
M 

k
<latexit sha1_base64="4nPgNCvFQH3lkxzpilTrFstvVgc=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJWkCnoRil68CBVsKzShbLabdulmE3Y3QgkB/4oXD4p49Xd489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmlpeWV1rbxe2djc2t6xd/faKk4loS0S81g+BFhRzgRtaaY5fUgkxVHAaScYXU/8ziOVisXiXo8T6kd4IFjICNZG6tkHiKBL5IUSk+y25zUVy7NR3rOrTs2ZAi0StyBVKNDs2V9ePyZpRIUmHCvVdZ1E+xmWmhFO84qXKppgMsID2jVU4IgqP5uen6Njo/RRGEtTQqOp+nsiw5FS4ygwnRHWQzXvTcT/vG6qwws/YyJJNRVktihMOdIxmmSB+kxSovnYEEwkM7ciMsQmCm0Sq5gQ3PmXF0m7XnNPa/W7s2rjqoijDIdwBCfgwjk04Aaa0AICGTzDK7xZT9aL9W59zFpLVjGzD39gff4AOC6VCA==</latexit>

Randall and Sundrum 99’
Davoudiasl, Hewett and Rizzo 99’

Pomarol 99’
Grossman and Neubert 99’
Gherghetta and Pomarol 00’



             Partial compositeness: CFT
yLq̄

IL
L OIL + yRq̄

IR
R OIR

<latexit sha1_base64="E9s+h3poO//d8DliHqaYGcgoLVM="></latexit>

dO =
3

2
+ |c+ 1

2
|

<latexit sha1_base64="r14DsDKZonmR9AYcDoNbJORRZ9I=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQCiVpBd0IRTfurGAf0IQwmUzaoZMHMxOhpPkIN/6KGxeKuHXhzr9x0mahrQdmOHPOvcy9x40ZFdIwvrXSyura+kZ5s7K1vbO7p+8fdEWUcEw6OGIR77tIEEZD0pFUMtKPOUGBy0jPHV/nfu+BcEGj8F5OYmIHaBhSn2IkleToNc9JrQDJEUYsvc0yeAktnyMMmw1Yg1OsrvnbbEwdvWrUjRngMjELUgUF2o7+ZXkRTgISSsyQEAPTiKWdIi4pZiSrWIkgMcJjNCQDRUMUEGGns6UyeKIUD/oRVyeUcKb+7khRIMQkcFVlPr9Y9HLxP2+QSP/CTmkYJ5KEeP6RnzAoI5gnBD3KCZZsogjCnKpZIR4hlYFUOVZUCObiysuk26ibzXrj7qzauiriKIMjcAxOgQnOQQvcgDboAAwewTN4BW/ak/aivWsf89KSVvQcgj/QPn8AAyWcOw==</latexit>

Scale Hierarchy turn to coupling hierarch

yIRL,R ⇠ yUV
L,R

✓
⇤IR

⇤UV

◆dOL,R
� 5

2

<latexit sha1_base64="USf3uljg2CjqzI14N6AOlf8JEEI="></latexit>



     Partial compositeness: top quark mass

yLq̄LH R + yRf t̄R L

yLyRf

M 
q̄LH̃tR

⇥

qL

H

 tR

yLq̄
IL
L OIL + yRt̄

IR
R OIR

yt ⇠
yLyR
g⇤

H 2 SO(5)/SO(4)
<latexit sha1_base64="vGxsw4YkbtK9kTBl+AJfG3E+Pqk=">AAAB+nicbVDLTgIxFO3gC/E16NJNAzGBmOAManQ50Q07McojYQjplA40dDqTtqMhI3/h1o0LjXHrl7jjbyyPhYInuTcn59yb3h4vYlQqyxobqZXVtfWN9GZma3tnd8/M7tdlGAtMajhkoWh6SBJGOakpqhhpRoKgwGOk4Q2uJ37jgQhJQ36vhhFpB6jHqU8xUlrqmNkKdCmHdzeF8+KJ7mfFjpm3StYUcJnYc5J3cu7x89gZVjvmt9sNcRwQrjBDUrZsK1LtBAlFMSOjjBtLEiE8QD3S0pSjgMh2Mj19BI+00oV+KHRxBafq740EBVIOA09PBkj15aI3Ef/zWrHyL9sJ5VGsCMezh/yYQRXCSQ6wSwXBig01QVhQfSvEfSQQVjqtjA7BXvzyMqmXS/ZpqXxr550rMEMaHIIcKAAbXAAHVEAV1AAGj+AFvIF348l4NT6Mz9loypjvHIA/ML5+AJ9JlJ4=</latexit>

SU(2)L ⇥ U(1)Y 2 SO(4)
<latexit sha1_base64="GcSKKlwfx8E7Ie7AyMTbtNzoWgs=">AAACCHicbVDLSsNAFJ3UV62vqksXDi1Ci1CSKugy6MaFYKWmrTQlTKbTduhkEmYmQihdunHtX7hxoYhbP8Fd/8bpY6GtBy4czrmXe+/xI0alMs2RkVpaXlldS69nNja3tneyu3s1GcYCEweHLBQNH0nCKCeOooqRRiQICnxG6n7/cuzXH4iQNOR3KolIK0BdTjsUI6UlL3tYdQrloncNXUUDIqFTsIrePXQph9WbwmnRy+bNkjkBXCTWjOTtnHv8PLKTipf9dtshjgPCFWZIyqZlRqo1QEJRzMgw48aSRAj3UZc0NeVIb20NJo8M4ZFW2rATCl1cwYn6e2KAAimTwNedAVI9Oe+Nxf+8Zqw6560B5VGsCMfTRZ2YQRXCcSqwTQXBiiWaICyovhXiHhIIK51dRodgzb+8SGrlknVSKt9aefsCTJEGByAHCsACZ8AGV6ACHIDBI3gBb+DdeDJejQ/jc9qaMmYz++APjK8f4r6Zrg==</latexit>



    Light Higgs wants Light top partners

V (h) =
Ncm4

⇤y
2
t

16⇡2g2⇤

✓
�a

h2

f2
+

b

2

h4

f4
+

c

3!

h6

f6

◆

⇠ =
v2

f2 Measure the fine-tuning

gSM gSM

gSM

gSM

gSM

gSM

O. Matsedonskyi, G. Panico & A. Wulzer ’12
D. Marzocca, M. Serone & J. Shu ’12;    A. Pomarol & F. Riva ’12

v ⇠ f

r
a

b
m⇤ ⇠ 450GeVp

a



Any questions?



Various Colliders

 LEP I/SLC

HL - LHC

CEPC/FCC-ee/ILC

 LEP II

Tevatron

Muon Collider

SppC/FCC-hh
Energy Luminosity

pCM 10 TeVP5

14 TeV

1.96 TeV

240, 250 GeV

130 - 209  GeV

<latexit sha1_base64="N9NRyNn27zaj2H7/aZ6zRGdY6Iw=">AAACD3icbVC7TgJBFJ3FF+ILtbSZSDQWSnaNQUuijSUm8kgAyexwgQmzj8zcNZLN/oGNv2JjoTG2tnb+jcNCoeBJbnJyzr0z9x43lEKjbX9bmYXFpeWV7GpubX1jcyu/vVPTQaQ4VHkgA9VwmQYpfKiiQAmNUAHzXAl1d3g19uv3oLQI/FschdD2WN8XPcEZGqmTP2whPGD6TuzKCJLYsWnrmKZyzNzkLj5xkqSTL9hFOwWdJ86UFMgUlU7+q9UNeOSBj1wyrZuOHWI7ZgoFl5DkWpGGkPEh60PTUJ95oNtxukdCD4zSpb1AmfKRpurviZh5Wo8813R6DAd61huL/3nNCHsX7Vj4YYTg88lHvUhSDOg4HNoVCjjKkSGMK2F2pXzAFONoIsyZEJzZk+dJ7bTolIqlm7NC+XIaR5bskX1yRBxyTsrkmlRIlXDySJ7JK3mznqwX6936mLRmrOnMLvkD6/MHMgucww==</latexit>

10 ab�1

91  GeV<latexit sha1_base64="Gl9KUNX0L/XzC7+Fbz8O5PsyBww=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME88BkCbOT2WTIPNaZWSEs+QkvHhTx6u9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1klt0XtAXcNEr1T2K/4MaJkEOSlDjnqv9NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXZTQxNMRnhAO45KLKgJs9m9E3TqlD6KlXYlLZqpvycyLIwZi8h1CmyHZtGbiv95ndTGV2HGZJJaKsl8UZxyZBWaPo/6TFNi+dgRTDRztyIyxBoT6yIquhCCxZeXSfO8ElQr1buLcu06j6MAx3ACZxDAJdTgFurQAAIcnuEV3rxH78V79z7mrStePnMEf+B9/gCsoo/A</latexit>mZ ⇠

CLIC3 TeV

<latexit sha1_base64="jCuugDp71XKY8rkHASKQkywd3q8=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GwMeyKRMugjWUE84AkhtnJTTJk9sHMXTEs29r4KzYWitj6B3b+jZNNCk08cOFwzr0z9x4vkkKj43xbuaXlldW1/HphY3Nre8fe3avrMFYcajyUoWp6TIMUAdRQoIRmpID5noSGN7qa+I17UFqEwS2OI+j4bBCIvuAMjdS1aRvhAbN3Ek/GkCaZkDAvvUtO3DTt2kWn5GSgi8SdkSKZodq1v9q9kMc+BMgl07rlOhF2EqZQcAlpoR1riBgfsQG0DA2YD7qTZBuk9MgoPdoPlakAaab+nkiYr/XY90ynz3Co572J+J/XirF/0UlEEMUIAZ9+1I8lxZBOYqE9oYCjHBvCuBJmV8qHTDGOJryCCcGdP3mR1E9LbrlUvjkrVi5nceTJATkkx8Ql56RCrkmV1Agnj+SZvJI368l6sd6tj2lrzprN7JM/sD5/AE+Um14=</latexit>

ab�1

<latexit sha1_base64="FrdBzikorrjv8PbnNYzFwlNygzM=">AAACCHicbVC7TsMwFHV4lvIKMDIQUSGxUCUIFcYKFsYi0YfUlspxb1qrzkP2DaKKMrLwKywMIMTKJ7DxN7hpBmg5kqXjc+69vj5uJLhC2/42FhaXlldWC2vF9Y3NrW1zZ7ehwlgyqLNQhLLlUgWCB1BHjgJakQTquwKa7uhq4jfvQSoeBrc4jqDr00HAPc4oaqlnHnQQHjCbk0jop0l2T6ib3iUnTpr2zJJdtjNY88TJSYnkqPXMr04/ZLEPATJBlWo7doTdhErkTEBa7MQKIspGdABtTQPqg+om2QKpdaSVvuWFUp8ArUz93ZFQX6mx7+pKn+JQzXoT8T+vHaN30U14EMUIAZs+5MXCwtCapGL1uQSGYqwJZZLrXS02pJIy1NkVdQjO7JfnSeO07FTKlZuzUvUyj6NA9skhOSYOOSdVck1qpE4YeSTP5JW8GU/Gi/FufExLF4y8Z4/8gfH5A3fwmuc=</latexit>

ab�1

20/5/2

<latexit sha1_base64="jCuugDp71XKY8rkHASKQkywd3q8=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GwMeyKRMugjWUE84AkhtnJTTJk9sHMXTEs29r4KzYWitj6B3b+jZNNCk08cOFwzr0z9x4vkkKj43xbuaXlldW1/HphY3Nre8fe3avrMFYcajyUoWp6TIMUAdRQoIRmpID5noSGN7qa+I17UFqEwS2OI+j4bBCIvuAMjdS1aRvhAbN3Ek/GkCaZkDAvvUtO3DTt2kWn5GSgi8SdkSKZodq1v9q9kMc+BMgl07rlOhF2EqZQcAlpoR1riBgfsQG0DA2YD7qTZBuk9MgoPdoPlakAaab+nkiYr/XY90ynz3Co572J+J/XirF/0UlEEMUIAZ9+1I8lxZBOYqE9oYCjHBvCuBJmV8qHTDGOJryCCcGdP3mR1E9LbrlUvjkrVi5nceTJATkkx8Ql56RCrkmV1Agnj+SZvJI368l6sd6tj2lrzprN7JM/sD5/AE+Um14=</latexit>

ab�15

3

<latexit sha1_base64="8BoddAWwpeJCHGeOXT1pkD9wCd0=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSDYGHZFomXQxjKCeUASw+zkbjJk9sHMXTEs29r4KzYWitj6B3b+jZNNCk08cOFwzr0z9x43kkKjbX9buaXlldW1/HphY3Nre6e4u9fQYaw41HkoQ9VymQYpAqijQAmtSAHzXQlNd3Q18Zv3oLQIg1scR9D12SAQnuAMjdQr0g7CA2bvJK6MIU0yIfHc9C45cdK0VyzZZTsDXSTOjJTIDLVe8avTD3nsQ4BcMq3bjh1hN2EKBZeQFjqxhojxERtA29CA+aC7SbZBSo+M0qdeqEwFSDP190TCfK3Hvms6fYZDPe9NxP+8dozeRTcRQRQjBHz6kRdLiiGdxEL7QgFHOTaEcSXMrpQPmWIcTXgFE4Izf/IiaZyWnUq5cnNWql7O4siTA3JIjolDzkmVXJMaqRNOHskzeSVv1pP1Yr1bH9PWnDWb2Sd/YH3+AFdQm2M=</latexit>

fb�10.75
<latexit sha1_base64="8BoddAWwpeJCHGeOXT1pkD9wCd0=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSDYGHZFomXQxjKCeUASw+zkbjJk9sHMXTEs29r4KzYWitj6B3b+jZNNCk08cOFwzr0z9x43kkKjbX9buaXlldW1/HphY3Nre6e4u9fQYaw41HkoQ9VymQYpAqijQAmtSAHzXQlNd3Q18Zv3oLQIg1scR9D12SAQnuAMjdQr0g7CA2bvJK6MIU0yIfHc9C45cdK0VyzZZTsDXSTOjJTIDLVe8avTD3nsQ4BcMq3bjh1hN2EKBZeQFjqxhojxERtA29CA+aC7SbZBSo+M0qdeqEwFSDP190TCfK3Hvms6fYZDPe9NxP+8dozeRTcRQRQjBHz6kRdLiiGdxEL7QgFHOTaEcSXMrpQPmWIcTXgFE4Izf/IiaZyWnUq5cnNWql7O4siTA3JIjolDzkmVXJMaqRNOHskzeSVv1pP1Yr1bH9PWnDWb2Sd/YH3+AFdQm2M=</latexit>

fb�10.2

10
<latexit sha1_base64="d5ov3Eba/WjWzZqTUjjEq+cuU5A=">AAACCHicbVC7TsMwFHV4lvIKMDIQUSGxUCUIFcYKFsYi0YfUhspxb1qrzkP2DaKKMrLwKywMIMTKJ7DxN7hpB2g5kqXjc+69vj5eLLhC2/42FhaXlldWC2vF9Y3NrW1zZ7ehokQyqLNIRLLlUQWCh1BHjgJasQQaeAKa3vBq7DfvQSoehbc4isENaD/kPmcUtdQ1DzoID5jPSSX0sjS/p76X3aUnTpZ1zZJdtnNY88SZkhKZotY1vzq9iCUBhMgEVart2DG6KZXImYCs2EkUxJQNaR/amoY0AOWm+QKZdaSVnuVHUp8QrVz93ZHSQKlR4OnKgOJAzXpj8T+vnaB/4aY8jBOEkE0e8hNhYWSNU7F6XAJDMdKEMsn1rhYbUEkZ6uyKOgRn9svzpHFadirlys1ZqXo5jaNA9skhOSYOOSdVck1qpE4YeSTP5JW8GU/Gi/FufExKF4xpzx75A+PzB3+smuw=</latexit>

fb�1

20 - 30
<latexit sha1_base64="FrdBzikorrjv8PbnNYzFwlNygzM=">AAACCHicbVC7TsMwFHV4lvIKMDIQUSGxUCUIFcYKFsYi0YfUlspxb1qrzkP2DaKKMrLwKywMIMTKJ7DxN7hpBmg5kqXjc+69vj5uJLhC2/42FhaXlldWC2vF9Y3NrW1zZ7ehwlgyqLNQhLLlUgWCB1BHjgJakQTquwKa7uhq4jfvQSoeBrc4jqDr00HAPc4oaqlnHnQQHjCbk0jop0l2T6ib3iUnTpr2zJJdtjNY88TJSYnkqPXMr04/ZLEPATJBlWo7doTdhErkTEBa7MQKIspGdABtTQPqg+om2QKpdaSVvuWFUp8ArUz93ZFQX6mx7+pKn+JQzXoT8T+vHaN30U14EMUIAZs+5MXCwtCapGL1uQSGYqwJZZLrXS02pJIy1NkVdQjO7JfnSeO07FTKlZuzUvUyj6NA9skhOSYOOSdVck1qpE4YeSTP5JW8GU/Gi/FufExLF4y8Z4/8gfH5A3fwmuc=</latexit>

ab�1

<latexit sha1_base64="BZpJlaHxtvrfz3q6KRjVKVBX3W4="></latexit>

↵2

TeV2 ⇠ O(10)fb



Direct Resonance Searches

at the LHC



     Direct Resonance searches

  A.D. Simone, O. Matsedonskyi, 
R.Rattazzi & A.Wulzer’12

MX5/3
= M 

<latexit sha1_base64="MA5Ah8CQgqsxX15NAL4LRHwkjOE=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAbBU5xJFL0IQS9eAhHMAskw9HR6kiY9C909QhwGf8WLB0W8+h/e/Bs7y0ETHxQ83quiqp4XcyaVZX0buaXlldW1/HphY3Nre8fc3WvKKBGENkjEI9H2sKSchbShmOK0HQuKA4/Tlje8GfutByoki8J7NYqpE+B+yHxGsNKSax7U3LTtpuenlSxDV6jmduuSuWbRKlkToEViz0gRZqi75le3F5EkoKEiHEvZsa1YOSkWihFOs0I3kTTGZIj7tKNpiAMqnXRyfYaOtdJDfiR0hQpN1N8TKQ6kHAWe7gywGsh5byz+53US5V86KQvjRNGQTBf5CUcqQuMoUI8JShQfaYKJYPpWRAZYYKJ0YAUdgj3/8iJplkt2pVS+OytWr2dx5OEQjuAEbLiAKtxCHRpA4BGe4RXejCfjxXg3PqatOWM2sw9/YHz+AKsvlBI=</latexit>

MT =
q

M2
 + y2Lf

2
<latexit sha1_base64="kPm9t+qZbXh0QGvrdURDVJjctkc=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiCUJIo6EYounFhoUJf0KRhMp20QycPZyZCCF278VfcuFDErV/gzr9x2mahrQcu93DOvczc48WMCmkY39rC4tLyymphrbi+sbm1re/sNkWUcEwaOGIRb3tIEEZD0pBUMtKOOUGBx0jLG16P/dYD4YJGYV2mMXEC1A+pTzGSSnL1g6pbh5fQFvdcZlXXrgnateAJTN1b1f2uNXL1klE2JoDzxMxJCeSoufqX3YtwEpBQYoaE6JhGLJ0McUkxI6OinQgSIzxEfdJRNEQBEU42OWUEj5TSg37EVYUSTtTfGxkKhEgDT00GSA7ErDcW//M6ifQvnIyGcSJJiKcP+QmDMoLjXGCPcoIlSxVBmFP1V4gHiCMsVXpFFYI5e/I8aVpl87Rs3Z2VKld5HAWwDw7BMTDBOaiAG1ADDYDBI3gGr+BNe9JetHftYzq6oOU7e+APtM8fATOYjQ==</latexit>

QX =

✓
X5/3

X2/3

◆

7
6

<latexit sha1_base64="vGZiRgwCuuQ2903zoHotmkOlmvI="></latexit>

Q =

✓
T
B

◆

1
6

<latexit sha1_base64="nLMyPJp7XgiYz7m3EdTT3JQjD7w="></latexit>

⇢L = (3, 1)
<latexit sha1_base64="SHhQfjvwb1mby5hwvim6+RwZHts=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJUkLLbCnoRil48eKhgP6BdSzbNtqHZZEmySin9H148KOLV/+LNf2Pa7kFbHww83pthZl4Qc6aN6347S8srq2vrmY3s5tb2zm5ub7+uZaIIrRHJpWoGWFPOBK0ZZjhtxoriKOC0EQyuJ37jkSrNpLg3w5j6Ee4JFjKCjZUe2qovO7foEhXKp95JJ5d3i+4UaJF4KclDimon99XuSpJEVBjCsdYtz42NP8LKMMLpONtONI0xGeAebVkqcES1P5pePUbHVumiUCpbwqCp+ntihCOth1FgOyNs+nrem4j/ea3EhBf+iIk4MVSQ2aIw4chINIkAdZmixPChJZgoZm9FpI8VJsYGlbUhePMvL5J6qeiVi6W7s3zlKo0jA4dwBAXw4BwqcANVqAEBBc/wCm/Ok/PivDsfs9YlJ505gD9wPn8AwzGQuA==</latexit>

m⇢ = a⇢g⇢f
<latexit sha1_base64="txaEM+EAo/6kyqnzGboEWK3rD9U=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL4KrMVEE3QtGNywr2Au0wZNJMG5rLkGSEMtSNr+LGhSJufQt3vo1pZxbaeiDk4//PITl/lDCqjed9O0vLK6tr66WN8ubW9s6uu7ff0jJVmDSxZFJ1IqQJo4I0DTWMdBJFEI8YaUejm6nffiBKUynuzTghAUcDQWOKkbFS6B7ysKeGEl5BlMMgv+LQrXhVb1ZwEfwCKqCoRuh+9foSp5 wIgxnSuut7iQkypAzFjEzKvVSTBOERGpCuRYE40UE222ACT6zSh7FU9ggDZ+rviQxxrcc8sp0cmaGe96bif143NfFlkFGRpIYInD8UpwwaCadxwD5VBBs2toCwovavEA+RQtjY0Mo2BH9+5UVo1ar+WbV2d16pXxdxlMAROAanwAcXoA5uQQM0AQaP4Bm8gjfnyXlx3p2PvHXJKWYOwJ9yPn8AFlqWAw==</latexit>

R. Contino, D. Marzocca, D. 
Pappadopulo & R. Rattazzi ‘11

H 2 SO(5)/SO(4)
<latexit sha1_base64="vGxsw4YkbtK9kTBl+AJfG3E+Pqk=">AAAB+nicbVDLTgIxFO3gC/E16NJNAzGBmOAManQ50Q07McojYQjplA40dDqTtqMhI3/h1o0LjXHrl7jjbyyPhYInuTcn59yb3h4vYlQqyxobqZXVtfWN9GZma3tnd8/M7tdlGAtMajhkoWh6SBJGOakpqhhpRoKgwGOk4Q2uJ37jgQhJQ36vhhFpB6jHqU8xUlrqmNkKdCmHdzeF8+KJ7mfFjpm3StYUcJnYc5J3cu7x89gZVjvmt9sNcRwQrjBDUrZsK1LtBAlFMSOjjBtLEiE8QD3S0pSjgMh2Mj19BI+00oV+KHRxBafq740EBVIOA09PBkj15aI3Ef/zWrHyL9sJ5VGsCMezh/yYQRXCSQ6wSwXBig01QVhQfSvEfSQQVjqtjA7BXvzyMqmXS/ZpqXxr550rMEMaHIIcKAAbXAAHVEAV1AAGj+AFvIF348l4NT6Mz9loypjvHIA/ML5+AJ9JlJ4=</latexit>

D. Pappadopulo, A. Thamm, 
R. Torre & A. Wulzer ‘14



⇥
g/g⇢

g⇢

q

⇢

Dibosons provide the smoking gun!

 D. Pappadopulo, A. Thamm, R. Torre and A. Wulzer 14’

W

      Direct searches: Spin-1

W±
L , ZL, h

<latexit sha1_base64="Z7P9jXBhN78YlUGIc0Cg0gaHYYk=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEgKqkIMFYwcLAUCT6EG2IHNdprdpOZDugKvRTWBhAiJUvYeNvcNoM0HKke3V0zr3y9QliRpV2nG+rsLS8srpWXC9tbG5t79jl3ZaKEolJE0cskp0AKcKoIE1NNSOdWBLEA0bawegy89sPRCoaiVs9jonH0UDQkGKkjeTb5fZ92ov5xL8+hndZG/p2xak6U8BF4uakAnI0fPur149wwonQmCGluq4Tay9FUlPMyKTUSxSJER6hAekaKhAnykunp0/goVH6MIykKaHhVP29kSKu1JgHZpIjPVTzXib+53UTHZ57KRVxoonAs4fChEEdwSwH2KeSYM3GhiAsqbkV4iGSCGuTVsmE4M5/eZG0alX3pFq7Oa3UL/I4imAfHIAj4IIzUAdXoAGaAINH8AxewZv1ZL1Y79bHbLRg5Tt74A+szx+iNZLv</latexit>



      Direct searches: spin-1/2

Top partners

t, b

 

yL, yR

 ⌘ X5/3, T, B

W±
L , ZL, h

<latexit sha1_base64="Z7P9jXBhN78YlUGIc0Cg0gaHYYk=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEgKqkIMFYwcLAUCT6EG2IHNdprdpOZDugKvRTWBhAiJUvYeNvcNoM0HKke3V0zr3y9QliRpV2nG+rsLS8srpWXC9tbG5t79jl3ZaKEolJE0cskp0AKcKoIE1NNSOdWBLEA0bawegy89sPRCoaiVs9jonH0UDQkGKkjeTb5fZ92ov5xL8+hndZG/p2xak6U8BF4uakAnI0fPur149wwonQmCGluq4Tay9FUlPMyKTUSxSJER6hAekaKhAnykunp0/goVH6MIykKaHhVP29kSKu1JgHZpIjPVTzXib+53UTHZ57KRVxoonAs4fChEEdwSwH2KeSYM3GhiAsqbkV4iGSCGuTVsmE4M5/eZG0alX3pFq7Oa3UL/I4imAfHIAj4IIzUAdXoAGaAINH8AxewZv1ZL1Y79bHbLRg5Tt74A+szx+iNZLv</latexit>



Lower mass threshold!

 

t, b

 
yL, yR

      Direct searches: Single production

W±
L , ZL

<latexit sha1_base64="LURFijs3EhZPyKYGpmofYrhoP0Q=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosevHQQwX7gW0aNttNu3SzCbsbpYT+Dy8eFPHqf/Hmv3Hb5qCtDwYe780wM8+POVPatr+t3Mrq2vpGfrOwtb2zu1fcP2iqKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx/dTP3WI5WKReJej2PqhnggWMAI1kbqtXppNw4nXu0MPXg1r1iyy/YMaJk4GSlBhrpX/Or2I5KEVGjCsVIdx461m2KpGeF0UugmisaYjPCAdgwVOKTKTWdXT9CJUfooiKQpodFM/T2R4lCpceibzhDroVr0puJ/XifRwZWbMhEnmgoyXxQkHOkITSNAfSYp0XxsCCaSmVsRGWKJiTZBFUwIzuLLy6RZKTvn5crdRal6ncWRhyM4hlNw4BKqcAt1aAABCc/wCm/Wk/VivVsf89aclc0cwh9Ynz+bNpHs</latexit>

  A.D. Simone, O. Matsedonskyi,  R.Rattazzi & A.Wulzer’12



           Cascade decays

 ⇢g⇢

Have kinematical advantage!

D. Greco and D. L. ‘14

yL,R

g 

qL, tR

<latexit sha1_base64="uTbXL/utXxjAYfrgpQkfs703Pr8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac2oWy223bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7HtzO//cS1EbF6wEnCg4gOlRgIRtFKj35IdeY3jJj2yhW36s5BVomXkwrkaPTKX34/ZmnEFTJJjel6boJBRjUKJvm05KeGJ5SN6ZB3LVU04ibI5hdPyZlV+mQQa1sKyVz9PZHRyJhJFNrOiOLILHsz8T+vm+LgOsiESlLkii0WDVJJMCaz90lfaM5QTiyhTAt7K2EjqilDG1LJhuAtv7xKWhdVr1at3V9W6jd5HEU4gVM4Bw+uoA530IAmMFDwDK/w5hjnxXl3PhatBSefOYY/cD5/ALwZkPo=</latexit>

 ̄



       Bounds and Projections
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D. L., L.T. Wang and K. P. Xie ‘18 

Pair Production

Diboson

cascade decays

Single Production



Direct Resonance Searches

at Muon Collider



           Targets at the Muon Collider

- Probe the on-shell resonances up to kinematical 
limits


- Measure the couplings as precise as possible  



⇥
g/g⇢

g⇢
⇢W

      Spin-1 resonances: radiative return

W±
L , ZL, h

<latexit sha1_base64="Z7P9jXBhN78YlUGIc0Cg0gaHYYk=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEgKqkIMFYwcLAUCT6EG2IHNdprdpOZDugKvRTWBhAiJUvYeNvcNoM0HKke3V0zr3y9QliRpV2nG+rsLS8srpWXC9tbG5t79jl3ZaKEolJE0cskp0AKcKoIE1NNSOdWBLEA0bawegy89sPRCoaiVs9jonH0UDQkGKkjeTb5fZ92ov5xL8+hndZG/p2xak6U8BF4uakAnI0fPur149wwonQmCGluq4Tay9FUlPMyKTUSxSJER6hAekaKhAnykunp0/goVH6MIykKaHhVP29kSKu1JgHZpIjPVTzXib+53UTHZ57KRVxoonAs4fChEEdwSwH2KeSYM3GhiAsqbkV4iGSCGuTVsmE4M5/eZG0alX3pFq7Oa3UL/I4imAfHIAj4IIzUAdXoAGaAINH8AxewZv1ZL1Y79bHbLRg5Tt74A+szx+iNZLv</latexit>

W,Z, �
<latexit sha1_base64="LAgMvRofX26mqKI/jSZ/posUlPI=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvYDu0vJptk2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSn6nih6ryB9iIXC/XHFr7hxolXg5qUCOZr/85Q9ikgoqDeFY657nJibIsDKMcDot+ammCSZjPKQ9SyUWVAfZ/OYpOrPKAEWxsiUNmqu/JzIstJ6I0HYKbEZ62ZuJ/3m91ETXQcZkkhoqyWJRlHJkYjQLAA2YosTwiSWYKGZvRWSEFSbGxlSyIXjLL6+Sdr3mXdTq95eVxk0eRxFO4BTOwYMraMAdNKEFBBJ4hld4c1LnxXl3PhatBSefOYY/cD5/AGQVkJ4=</latexit>

D. L., L.T.  Wang and K. P.  Xie, ’23 

µ+
<latexit sha1_base64="eXmArG8M11yGrrg/S98n/vlJb7A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slq1qlev1u4vK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3sLjnc=</latexit>

µ�
<latexit sha1_base64="v5PwCCHTSLU5QiS/tRYTsPddY3M=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbILJnokevGIiQsksJJu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hYye+J9PGiX664VXcOtEq8nFQgR7Nf/uoNYpIKKg3hWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvmxU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9jkaMEWJ4RNLMFHM3orICCtMjM2nZEPwll9eJa1a1atXa/eXlcZNHkcRTuAUzsGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD34Tjnk=</latexit>

<latexit sha1_base64="wqsTZRlOuEzgtUHIERHKuqy/hM4=">AAACI3icbVDLSgMxFM34rPVVdekmWAQ3lpniC1dFEdwIFewDOnW4k2ba0GRmSDJCGeZf3PgrblwoxY0L/8X0sdDWA5d7OOdeknv8mDOlbfvLWlhcWl5Zza3l1zc2t7YLO7t1FSWS0BqJeCSbPijKWUhrmmlOm7GkIHxOG37/euQ3nqhULAof9CCmbQHdkAWMgDaSV7h0FesKwKYJ7AYSSOpk6Y3ndkEIyGZ0hY/xnefKXvRYzrxC0S7ZY+B54kxJEU1R9QpDtxORRNBQEw5KtRw71u0UpGaE0yzvJorGQPrQpS1DQxBUtdPxjRk+NEoHB5E0FWo8Vn9vpCCUGgjfTArQPTXrjcT/vFaig4t2ysI40TQkk4eChGMd4VFguMMkJZoPDAEimfkrJj0wgWgTa96E4MyePE/q5ZJzVjq9PylWrqZx5NA+OkBHyEHnqIJuURXVEEHP6BW9ow/rxXqzhtbnZHTBmu7soT+wvn8Ac0qkJg==</latexit>

� ⇠ 1

E�
⇠ 1

s�M2
⇢

<latexit sha1_base64="al9JsQegKiXiG5t6Q94235P72No="></latexit>

BRV V+V h & 80%, for g⇢ > 3
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⇢
g⇢

µ+
<latexit sha1_base64="eXmArG8M11yGrrg/S98n/vlJb7A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slq1qlev1u4vK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3sLjnc=</latexit>

µ�
<latexit sha1_base64="v5PwCCHTSLU5QiS/tRYTsPddY3M=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbILJnokevGIiQsksJJu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hYye+J9PGiX664VXcOtEq8nFQgR7Nf/uoNYpIKKg3hWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvmxU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9jkaMEWJ4RNLMFHM3orICCtMjM2nZEPwll9eJa1a1atXa/eXlcZNHkcRTuAUzsGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD34Tjnk=</latexit>

      Spin-1 resonances: VBF

W+
L ZL

<latexit sha1_base64="Ff8MgXZItf2uW1T9XAhOMyeJ+SY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEErSCnosevHQQwX7gW0Mm+2mXbrZxN2NUEL/hBcPinj173jz37htc9DWBwOP92aYmefHnClt299WbmV1bX0jv1nY2t7Z3SvuH7RUlEhCmyTikez4WFHOBG1qpjntxJLi0Oe07Y+up377iUrFInGnxzF1QzwQLGAEayN12l794ezeq3vFkl22Z0DLxMlICTI0vOJXrx+RJKRCE46V6jp2rN0US80Ip5NCL1E0xmSEB7RrqMAhVW46u3eCTozSR0EkTQmNZurviRSHSo1D33SGWA/VojcV//O6iQ4u3ZSJONFUkPmiIOFIR2j6POozSYnmY0MwkczcisgQS0y0iahgQnAWX14mrUrZqZYrt+el2lUWRx6O4BhOwYELqMENNKAJBDg8wyu8WY/Wi/Vufcxbc1Y2cwh/YH3+AB+7j14=</latexit>

D. L., L.T.  Wang and K. P.  Xie, ’23 



        Top partners: DY-like pair

33

µ+
<latexit sha1_base64="eXmArG8M11yGrrg/S98n/vlJb7A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slq1qlev1u4vK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3sLjnc=</latexit>

µ�
<latexit sha1_base64="v5PwCCHTSLU5QiS/tRYTsPddY3M=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbILJnokevGIiQsksJJu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hYye+J9PGiX664VXcOtEq8nFQgR7Nf/uoNYpIKKg3hWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvmxU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9jkaMEWJ4RNLMFHM3orICCtMjM2nZEPwll9eJa1a1atXa/eXlcZNHkcRTuAUzsGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD34Tjnk=</latexit>

ZT
<latexit sha1_base64="JVMzHgZqTjK3o0F/o2Ipf0P5QVs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4j5oXJEmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUeHnv1XrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdKslL2LcuX+slS9yeLIwwmcwjl4cAVVuIMaNIDBAJ7hFd4c4bw4787HojXnZDPH8AfO5w8UVo2p</latexit>

X5/3, T, B
<latexit sha1_base64="+z28U4urZWgFQtWhDXSTmwJL+1s=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmLigWALGj0SvHjEhK8EGrJdtrBhu627WxLS8Du8eNAYr/4Yb/4bF+hBwZdM8vLeTGbmeRFnStv2t5XZ2Nza3snu5vb2Dw6P8scnLRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG174/u5355QqVgoGnoaUTfAQ8F8RrA2ktvpJzdXlVkRNYqo1s8X7JK9AFonTkoKkKLez3/1BiGJAyo04ViprmNH2k2w1IxwOsv1YkUjTMZ4SLuGChxQ5SaLo2fowigD5IfSlNBoof6eSHCg1DTwTGeA9UitenPxP68ba//OTZiIYk0FWS7yY450iOYJoAGTlGg+NQQTycytiIywxESbnHImBGf15XXSKpecSqn8eF2o1tI4snAG53AJDtxCFR6gDk0g8ATP8Apv1sR6sd6tj2VrxkpnTuEPrM8fQI+QdA==</latexit>

D. L., L.T.  Wang and K. P.  Xie, ’23 



        Top partners: DY Single
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T
<latexit sha1_base64="wuUeoCr40AnIpr753sXMM0828Vs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4TyAuSJcxOepMxs7PLzKwQQr7AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/fbT6g0j2XDTBL0IzqUPOSMGivVG/1iyS27C5B14mWkBBlq/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xh87IhVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJbf8plkhqUbLkoTAUxMZl/TQZcITNiYgllittbCRtRRZmx2RRsCN7qy+ukVSl7V+VK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPsPeM3A==</latexit>

t̄
<latexit sha1_base64="b1ITfnjbGD4mBK+ynt+io7xfvhU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnX5AdYazQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tzZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMy/50MheYM5dQSyrSwtxI2ppoytAmVbAje6svrpF2relfV2kO90rjN4yjCGZzDJXhwDQ24hya0gMEEnuEV3pzEeXHenY9la8HJZ07hD5zPH58yj8E=</latexit>

µ+
<latexit sha1_base64="eXmArG8M11yGrrg/S98n/vlJb7A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slq1qlev1u4vK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3sLjnc=</latexit>

µ�
<latexit sha1_base64="v5PwCCHTSLU5QiS/tRYTsPddY3M=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbILJnokevGIiQsksJJu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hYye+J9PGiX664VXcOtEq8nFQgR7Nf/uoNYpIKKg3hWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvmxU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9jkaMEWJ4RNLMFHM3orICCtMjM2nZEPwll9eJa1a1atXa/eXlcZNHkcRTuAUzsGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD34Tjnk=</latexit>

ZT
<latexit sha1_base64="JVMzHgZqTjK3o0F/o2Ipf0P5QVs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4j5oXJEmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUeHnv1XrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdKslL2LcuX+slS9yeLIwwmcwjl4cAVVuIMaNIDBAJ7hFd4c4bw4787HojXnZDPH8AfO5w8UVo2p</latexit>

<latexit sha1_base64="5uRI388UCd3ATeZSZxyeJUbaW2E=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeimJSPVY9OLNCvYDmlA22027dLOJuxOxhHjxr3jxoIhX/4U3/42btgdtfTDweG+GmXl+zJkC2/42FhaXlldWC2vF9Y3NrW1zZ7epokQS2iARj2Tbx4pyJmgDGHDajiXFoc9pyx9e5n7rnkrFInELo5h6Ie4LFjCCQUtdc98NMQwI5ul1Vu676k5C6j6w7LhrluyKPYY1T5wpKaEp6l3zy+1FJAmpAMKxUh3HjsFLsQRGOM2KbqJojMkQ92lHU4FDqrx0/EFmHWmlZwWR1CXAGqu/J1IcKjUKfd2Z36tmvVz8z+skEJx7KRNxAlSQyaIg4RZEVh6H1WOSEuAjTTCRTN9qkQGWmIAOrahDcGZfnifNk4pTrVRvTku1i2kcBXSADlEZOegM1dAVqqMGIugRPaNX9GY8GS/Gu/ExaV0wpjN76A+Mzx/svZc2</latexit>

O(g
p
⇠)



        Top partners: DY-like Single

35

µ�
<latexit sha1_base64="v5PwCCHTSLU5QiS/tRYTsPddY3M=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbILJnokevGIiQsksJJu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hYye+J9PGiX664VXcOtEq8nFQgR7Nf/uoNYpIKKg3hWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvmxU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9jkaMEWJ4RNLMFHM3orICCtMjM2nZEPwll9eJa1a1atXa/eXlcZNHkcRTuAUzsGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD34Tjnk=</latexit>

µ+
<latexit sha1_base64="eXmArG8M11yGrrg/S98n/vlJb7A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slq1qlev1u4vK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3sLjnc=</latexit>

W�
<latexit sha1_base64="j+ODDqbIVyZhlaDtWxlJeJ+s+IU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOl++bjWbdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/lp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0KmXvvFy5uyhVr7M48nAEx3AKHlxCFW6hBnVgMIBneIU3RzgvzrvzMW/NOdnMIfyB8/kD0xSNfg==</latexit>

X5/3
<latexit sha1_base64="W2k+DNKW6c5UpGMsnW6xUoi4Ynk=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIjHxhLug0SPRi0dM5JHAhswODUyYnd3MzJqQDR/hxYPGePV7vPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLx3cxvPaHSPJKPZhKjH9Kh5APOqLFSq91Lry6q016x5JbdOcgq8TJSggz1XvGr249YEqI0TFCtO54bGz+lynAmcFroJhpjysZ0iB1LJQ1R++n83Ck5s0qfDCJlSxoyV39PpDTUehIGtjOkZqSXvZn4n9dJzODGT7mME4OSLRYNEkFMRGa/kz5XyIyYWEKZ4vZWwkZUUWZsQgUbgrf88ippVspetVx5uCzVbrM48nACp3AOHlxDDe6hDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHiHiPCg==</latexit>

t̄
<latexit sha1_base64="b1ITfnjbGD4mBK+ynt+io7xfvhU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnX5AdYazQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tzZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMy/50MheYM5dQSyrSwtxI2ppoytAmVbAje6svrpF2relfV2kO90rjN4yjCGZzDJXhwDQ24hya0gMEEnuEV3pzEeXHenY9la8HJZ07hD5zPH58yj8E=</latexit>

W+
T

<latexit sha1_base64="nUBX5+BnKenBEn1+XE/SdakL/ng=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuFfRY9OKxQrcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDfz209UaSZF00wSGsR4KFjECDZW8tuPF/1mv1xxq+4caJV4OalAjka//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CbImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVqt5ltfZwVanf5nEU4QRO4Rw8uIY63EMDfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gArZ45D</latexit>

D. L., L.T.  Wang and K. P.  Xie, ’23 

<latexit sha1_base64="5uRI388UCd3ATeZSZxyeJUbaW2E=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeimJSPVY9OLNCvYDmlA22027dLOJuxOxhHjxr3jxoIhX/4U3/42btgdtfTDweG+GmXl+zJkC2/42FhaXlldWC2vF9Y3NrW1zZ7epokQS2iARj2Tbx4pyJmgDGHDajiXFoc9pyx9e5n7rnkrFInELo5h6Ie4LFjCCQUtdc98NMQwI5ul1Vu676k5C6j6w7LhrluyKPYY1T5wpKaEp6l3zy+1FJAmpAMKxUh3HjsFLsQRGOM2KbqJojMkQ92lHU4FDqrx0/EFmHWmlZwWR1CXAGqu/J1IcKjUKfd2Z36tmvVz8z+skEJx7KRNxAlSQyaIg4RZEVh6H1WOSEuAjTTCRTN9qkQGWmIAOrahDcGZfnifNk4pTrVRvTku1i2kcBXSADlEZOegM1dAVqqMGIugRPaNX9GY8GS/Gu/ExaV0wpjN76A+Mzx/svZc2</latexit>

O(g
p
⇠)



        Top partners: VBF
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t, b

µ+
<latexit sha1_base64="eXmArG8M11yGrrg/S98n/vlJb7A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slq1qlev1u4vK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3sLjnc=</latexit>

µ�
<latexit sha1_base64="v5PwCCHTSLU5QiS/tRYTsPddY3M=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbILJnokevGIiQsksJJu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hYye+J9PGiX664VXcOtEq8nFQgR7Nf/uoNYpIKKg3hWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvmxU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9jkaMEWJ4RNLMFHM3orICCtMjM2nZEPwll9eJa1a1atXa/eXlcZNHkcRTuAUzsGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD34Tjnk=</latexit>

X5/3, T, B
<latexit sha1_base64="+z28U4urZWgFQtWhDXSTmwJL+1s=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmLigWALGj0SvHjEhK8EGrJdtrBhu627WxLS8Du8eNAYr/4Yb/4bF+hBwZdM8vLeTGbmeRFnStv2t5XZ2Nza3snu5vb2Dw6P8scnLRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG174/u5355QqVgoGnoaUTfAQ8F8RrA2ktvpJzdXlVkRNYqo1s8X7JK9AFonTkoKkKLez3/1BiGJAyo04ViprmNH2k2w1IxwOsv1YkUjTMZ4SLuGChxQ5SaLo2fowigD5IfSlNBoof6eSHCg1DTwTGeA9UitenPxP68ba//OTZiIYk0FWS7yY450iOYJoAGTlGg+NQQTycytiIywxESbnHImBGf15XXSKpecSqn8eF2o1tI4snAG53AJDtxCFR6gDk0g8ATP8Apv1sR6sd6tj2VrxkpnTuEPrM8fQI+QdA==</latexit>

yR
<latexit sha1_base64="cOqhopJKZ4L/9mpKp8qf1GivI58=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0MO7d90plt+LOQJaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOBk2I31ZhQNqID7FgqaYTaz2anTsipVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6RRuCt/jyMmlWK955pXp3Ua5d53EU4BhO4Aw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w9AiI3G</latexit>

W+
L , ZL

<latexit sha1_base64="nCEcqGj9WfpfGt9wHGO0l5XChWw=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBUEpSBT0WvXjooYL9oG0Mm+2mXbrZhN2NUEL/hRcPinj133jz37htc9DWBwOP92aYmefHnClt299WbmV1bX0jv1nY2t7Z3SvuHzRVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Y9up37riUrFIvGgxzF1QzwQLGAEayN1Wo9nXu0cdbyaVyzZZXsGtEycjJQgQ90rfvX6EUlCKjThWKmuY8faTbHUjHA6KfQSRWNMRnhAu4YKHFLlprOLJ+jEKH0URNKU0Gim/p5IcajUOPRNZ4j1UC16U/E/r5vo4NpNmYgTTQWZLwoSjnSEpu+jPpOUaD42BBPJzK2IDLHERJuQCiYEZ/HlZdKslJ2LcuX+slS9yeLIwxEcwyk4cAVVuIM6NICAgGd4hTdLWS/Wu/Uxb81Z2cwh/IH1+QPgs4++</latexit>

Relevant for large yR



         Projection: Spin-1

10 TeV Muon Collider
T. Han, D. L., I. Low and X. Wang ‘20

M⇢ =
1p
2
g⇢f

<latexit sha1_base64="OstdJEN76nH/5+T5lyUUqYzf9f8=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSlIF3QhFN26ECvYBTQiT6aQdOpmJMxOhhPyAG3/FjQtF3Lp35984bbPQ1gMXDufcy733hAmjSjvOt7WwuLS8slpaK69vbG5t2zu7LSVSiUkTCyZkJ0SKMMpJU1PNSCeRBMUhI+1weDX22w9EKir4nR4lxI9Rn9OIYqSNFNiHN4EnBwJeQC+SCGdunnnqXuqsluewP/WiwK44VWcCOE/cglRAgUZgf3k9gdOYcI0ZUqrrOon2MyQ1xYzkZS9VJEF4iPqkayhHMVF+Nvkmh0dG6cFISFNcw4n6eyJDsVKjODSdMdIDNeuNxf+8bqqjcz+jPEk14Xi6KEoZ1AKOo4E9KgnWbGQIwpKaWyEeIJOKNgGWTQju7MvzpFWruifV2u1ppX5ZxFEC++AAHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8AcMGm18=</latexit>

<latexit sha1_base64="mQmBQ+WuFPOAKHUMFMmyu6/8/lU=">AAACD3icbVDJSgNBEO1xN26jHr00BkUQw4y4XYSgF48RskEmhp5OJTb2LHbXiGGYP/Dir3jxoIhXr978GzvLQaMPqni8V0V3PT+WQqPjfFkTk1PTM7Nz87mFxaXlFXt1raqjRHGo8EhGqu4zDVKEUEGBEuqxAhb4Emr+zXnfr92B0iIKy9iLoRmwbig6gjM0Usve9vStwlRnrdQLkqtd2u97GT2lrkM9hHtMy1DNWnbeKTgD0L/EHZE8GaHUsj+9dsSTAELkkmndcJ0YmylTKLiELOclGmLGb1gXGoaGLADdTAf3ZHTLKG3aiZSpEOlA/bmRskDrXuCbyYDhtR73+uJ/XiPBzkkzFWGcIIR8+FAnkRQj2g+HtoUCjrJnCONKmL9Sfs0U42gizJkQ3PGT/5LqfsE9KhxeHuSLZ6M45sgG2SQ7xCXHpEguSIlUCCcP5Im8kFfr0Xq23qz34eiENdpZJ79gfXwD5e6b7w==</latexit>p
sµ+µ� = 10TeV
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D. L., L.T.  Wang and K. P.  Xie, ’23 



        Coupling Measurement
<latexit sha1_base64="mQmBQ+WuFPOAKHUMFMmyu6/8/lU=">AAACD3icbVDJSgNBEO1xN26jHr00BkUQw4y4XYSgF48RskEmhp5OJTb2LHbXiGGYP/Dir3jxoIhXr978GzvLQaMPqni8V0V3PT+WQqPjfFkTk1PTM7Nz87mFxaXlFXt1raqjRHGo8EhGqu4zDVKEUEGBEuqxAhb4Emr+zXnfr92B0iIKy9iLoRmwbig6gjM0Usve9vStwlRnrdQLkqtd2u97GT2lrkM9hHtMy1DNWnbeKTgD0L/EHZE8GaHUsj+9dsSTAELkkmndcJ0YmylTKLiELOclGmLGb1gXGoaGLADdTAf3ZHTLKG3aiZSpEOlA/bmRskDrXuCbyYDhtR73+uJ/XiPBzkkzFWGcIIR8+FAnkRQj2g+HtoUCjrJnCONKmL9Sfs0U42gizJkQ3PGT/5LqfsE9KhxeHuSLZ6M45sgG2SQ7xCXHpEguSIlUCCcP5Im8kFfr0Xq23qz34eiENdpZJ79gfXwD5e6b7w==</latexit>p
sµ+µ� = 10TeV

D. L., L.T.  Wang and K. P.  Xie, ’23 

�ρ = � ���
�ρ = � ���
�ρ = � ���

� � � � � � � �-���

-���

���

���

���

���

�ρ

δ�
ρ/
� ρ



         Projection: top partner

⇠ = 0.015, f = 2 TeV
<latexit sha1_base64="Tp2j6u3P7cgnDtKvYkED1rut1lg=">AAACCHicbZC7SgNBFIZn4y3G26qlhYNBsJCwGxVtBNHGUsFcIBvC7ORsMmT2wsxZSVhS2vgqNhaK2PoIdr6Nk5hCEw8MfPz/OZw5v59IodFxvqzc3PzC4lJ+ubCyura+YW9uVXWcKg4VHstY1X2mQYoIKihQQj1RwEJfQs3vXY382j0oLeLoDgcJNEPWiUQgOEMjtexdry/oOXVKjntySAODZepRD6GP2R1Uhy27aLxx0VlwJ1Akk7pp2Z9eO+ZpCBFyybRuuE6CzYwpFFzCsOClGhLGe6wDDYMRC0E3s/EhQ7pvlDYNYmVehHSs/p7IWKj1IPRNZ8iwq6e9kfif10gxOGtmIkpShIj/LApSSTGmo1RoWyjgKAcGGFfC/JXyLlOMo8muYEJwp0+ehWq55B6VyrfHxYvLSRx5skP2yAFxySm5INfkhlQIJw/kibyQV+vRerberPef1pw1mdkmf8r6+AbXU5a4</latexit>

<latexit sha1_base64="mQmBQ+WuFPOAKHUMFMmyu6/8/lU=">AAACD3icbVDJSgNBEO1xN26jHr00BkUQw4y4XYSgF48RskEmhp5OJTb2LHbXiGGYP/Dir3jxoIhXr978GzvLQaMPqni8V0V3PT+WQqPjfFkTk1PTM7Nz87mFxaXlFXt1raqjRHGo8EhGqu4zDVKEUEGBEuqxAhb4Emr+zXnfr92B0iIKy9iLoRmwbig6gjM0Usve9vStwlRnrdQLkqtd2u97GT2lrkM9hHtMy1DNWnbeKTgD0L/EHZE8GaHUsj+9dsSTAELkkmndcJ0YmylTKLiELOclGmLGb1gXGoaGLADdTAf3ZHTLKG3aiZSpEOlA/bmRskDrXuCbyYDhtR73+uJ/XiPBzkkzFWGcIIR8+FAnkRQj2g+HtoUCjrJnCONKmL9Sfs0U42gizJkQ3PGT/5LqfsE9KhxeHuSLZ6M45sgG2SQ7xCXHpEguSIlUCCcP5Im8kFfr0Xq23qz34eiENdpZJ79gfXwD5e6b7w==</latexit>p
sµ+µ� = 10TeV

D. L., L.T.  Wang and K. P.  Xie, ’23 
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Indirect Signatures



        Lesson from Electroweak Precision Test

SH =
⇠

12⇡
ln

⇤2

m2
Z

, TH = � 3

16⇡

⇠

c2
w

ln
⇤2

m2
Z

�Tf ⇠ 3y4L
64⇡2g2 ↵e

⇠

68.27% C.L.
95% C.L.
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�

⇠ 2 [�0.2, 0.2]

<latexit sha1_base64="YG5byqmf8Rufp3cRPP8Uep9uVP0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFkPAKtyJRguLoI1lBPMhuSPsbTbJkt29Y3dPDEd+hY2FIrb+HDv/jZvkCk18MPB4b4aZeWHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaINeVM0oZhhtN2rCgWIaetcHQz9VuPVGkWyXszjmkg8ECyPiPYWOnBf2LoCp375W6x5FbcGdAy8TJSggz1bvHL70UkEVQawrHWHc+NTZBiZRjhdFLwE01jTEZ4QDuWSiyoDtLZwRNUtkoP9SNlSxo0U39PpFhoPRah7RTYDPWiNxX/8zqJ6V8GKZNxYqgk80X9hCMToen3qMcUJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0TytetVK9OyvVrrM48nAEx3ACHlxADW6hDg0gIOAZXuHNUc6L8+58zFtzTjZzCH/gfP4AFx6PTg==</latexit>

⇠ < 5%



- One coupling - one scale


- A set of selection rules

          Indirect Signature

g⇤

yf , g, g
0

‣ Preserve the non-
linearity:


‣ Explicit breaking


m⇤ ⇠ g⇤f



          Indirect Signature

H

W,Z

H
f

SILH: G.F. Giudice, C. Grojean,  A.Pomarol & R.Rattazzi ‘07

⇠ �g2⇤
v2

2m2
⇤

⇠ �g2⇤
v2

2m2
⇤

Oy = yf
H

†
H

m2
⇤

f̄LHfR ) cy ⇠ g
2
⇤

OH =
@µ(H†

H)@µ(H†
H)

2m2
⇤

) cH ⇠ g
2
⇤



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



          Indirect Signature

WL, ZL, h

⇠ E2

m2
⇤

OW =
ig

2m2
⇤
(H†

�
a !
D

µ
H)D⌫

W
a
µ⌫ ) cW ⇠ 1

HL-LHC can play a role!



Precision to scale

mZ ⇠ 90GeV
 LEP I

LHC m2
Z

⇤2
<latexit sha1_base64="6q7j0/qo5mbUJnTCfmCbs/+jTCA=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSggRjBQsDQ5HoQzQhchyntWo7ke0gVVEWfoWFAYRY+Qw2/gb3MUDLkSwdnXOPru8JU0aVdpxvq7S0vLK6Vl6vbGxube/Yu3ttlWQSkxZOWCK7IVKEUUFammpGuqkkiIeMdMLh1djvPBKpaCLu9CglPkd9QWOKkTZSYB94sUQ458H9Q73IvRuTjJChgV11as4EcJG4M1IFMzQD+8uLEpxxIjRmSKme66Taz5HUFDNSVLxMkRThIeqTnqECcaL8fHJAAY+NEsE4keYJDSfq70SOuFIjHppJjvRAzXtj8T+vl+n4ws+pSDNNBJ4uijMGdQLHbcCISoI1GxmCsKTmrxAPkGlEm84qpgR3/uRF0q7X3NNa/fas2ric1VEGh+AInAAXnIMGuAZN0AIYFOAZvII368l6sd6tj+loyZpl9sEfWJ8/jtuWYA==</latexit>

0.2%

⇤ ⇠ 2TeV
<latexit sha1_base64="eCVZ9L8KOZjvN8GBRoC0DN9TsOg=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GwCrtR0DJoY2ERIS/ILmF29iYZMvtg5q4YlmDjr9hYKGLrV9j5N04ehSYeGDiccy537vETKTTa9re1tLyyurae28hvbm3v7Bb29hs6ThWHOo9lrFo+0yBFBHUUKKGVKGChL6HpD67HfvMelBZxVMNhAl7IepHoCs7QSJ3CoXtrwgGjrhYhLVMX4QGzGjRGnULRLtkT0EXizEiRzFDtFL7cIOZpCBFyybRuO3aCXsYUCi5hlHdTDQnjA9aDtqERC0F72eSEET0xSkC7sTIvQjpRf09kLNR6GPomGTLs63lvLP7ntVPsXnqZiJIUIeLTRd1UUozpuA8aCAUc5dAQxpUwf6W8zxTjaFrLmxKc+ZMXSaNccs5K5bvzYuVqVkeOHJFjckocckEq5IZUSZ1w8kieySt5s56sF+vd+phGl6zZzAH5A+vzByk+lqU=</latexit>

E ⇠ 1TeV
<latexit sha1_base64="/yZY8sjcQ1gMqDBAOMnpaORWBSg=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7AbBT0GRfAYIS/IhjA76SRDZh/M9Iphib/ixYMiXv0Qb/6Nk2QPmljQUFR1093lx1JodJxvK7e2vrG5ld8u7Ozu7R/Yh0dNHSWKQ4NHMlJtn2mQIoQGCpTQjhWwwJfQ8sc3M7/1AEqLKKzjJIZuwIahGAjO0Eg9u3hLPS0C6lIP4RHTOjSnPbvklJ056CpxM1IiGWo9+8vrRzwJIEQumdYd14mxmzKFgkuYFrxEQ8z4mA2hY2jIAtDddH78lJ4apU8HkTIVIp2rvydSFmg9CXzTGTAc6WVvJv7ndRIcXHVTEcYJQsgXiwaJpBjRWRK0LxRwlBNDGFfC3Er5iCnG0eRVMCG4yy+vkmal7J6XK/cXpep1FkeeHJMTckZcckmq5I7USINwMiHP5JW8WU/Wi/VufSxac1Y2UyR/YH3+AIk1lBA=</latexit>

25%

��

�SM
⇠ g⇤

g

E2

⇤2
<latexit sha1_base64="X6w9OG3SY4OZbKMnFcg+5YKOOTE="></latexit>

⇤ ⇠ 9TeV
<latexit sha1_base64="JlC1mGVJ0nUIYvxlOcO8aAznTKM=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiMxgEq7AbBbUL2lhYRMgLsiHMTm6SIbMPZu6KYQk2/oqNhSK2foWdf+PkUWjigYHDOedy5x4/lkKj43xbmaXlldW17HpuY3Nre8fe3avpKFEcqjySkWr4TIMUIVRRoIRGrIAFvoS6P7ge+/V7UFpEYQWHMbQC1gtFV3CGRmrbB96tCXcY9bQI6CX1EB4wrUBt1LbzTsGZgC4Sd0byZIZy2/7yOhFPAgiRS6Z103VibKVMoeASRjkv0RAzPmA9aBoasgB0K52cMKLHRunQbqTMC5FO1N8TKQu0Hga+SQYM+3reG4v/ec0EuxetVIRxghDy6aJuIilGdNwH7QgFHOXQEMaVMH+lvM8U42hay5kS3PmTF0mtWHBPC8W7s3zpalZHlhySI3JCXHJOSuSGlEmVcPJInskrebOerBfr3fqYRjPWbGaf/IH1+QM0J5as</latexit>

g⇤ ⇠ g
<latexit sha1_base64="z47DrdMESPP8p6WG1yl5D1Acv9Y=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHCvYD26Vk0+w2NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6gZYU84kbRlmOO0mimIRcNoJxrczv/NElWaxfDCThPoCR5KFjGBjpcdocIH6mgkUDcoVt+rOgVaJl5MK5GgOyl/9YUxSQaUhHGvd89zE+BlWhhFOp6V+qmmCyRhHtGepxIJqP5tfPEVnVhmiMFa2pEFz9fdEhoXWExHYToHNSC97M/E/r5ea8NrPmExSQyVZLApTjkyMZu+jIVOUGD6xBBPF7K2IjLDCxNiQSjYEb/nlVdKuVb16tXZ/WWnc5HEU4QRO4Rw8uIIG3EETWkBAwjO8wpujnRfn3flYtBacfOYY/sD5/AFzh5Ae</latexit>

g⇤ ⇠ 4⇡
<latexit sha1_base64="Z5rct3EAMkWoal+E8EgmwA0+RK4=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSKIh7JbC3osevFYwX5Ady3ZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0c3Ubz9SpVks7804oYHAA8kiRrCx0sOgd458zQSqIT9hvVLZrbgzoGXi5aQMORq90pffj0kqqDSEY627npuYIMPKMMLppOinmiaYjPCAdi2VWFAdZLOrJ+jUKn0UxcqWNGim/p7IsNB6LELbKbAZ6kVvKv7ndVMTXQUZk0lqqCTzRVHKkYnRNALUZ4oSw8eWYKKYvRWRIVaYGBtU0YbgLb68TFrVindRqd7VyvXrPI4CHMMJnIEHl1CHW2hAEwgoeIZXeHOenBfn3fmYt644+cwR/IHz+QPMvZFo</latexit>



yf , g, g
0

Elementary Strong

    Strong multipole interactions (SMI)

q, `

- New power-counting rules

W a
µ⌫ , Bµ⌫ : g⇤

D. L., A. Pomarol, R. Rattazzi & F. Riva 16 

H 2 SO(5)/SO(4)
<latexit sha1_base64="vGxsw4YkbtK9kTBl+AJfG3E+Pqk=">AAAB+nicbVDLTgIxFO3gC/E16NJNAzGBmOAManQ50Q07McojYQjplA40dDqTtqMhI3/h1o0LjXHrl7jjbyyPhYInuTcn59yb3h4vYlQqyxobqZXVtfWN9GZma3tnd8/M7tdlGAtMajhkoWh6SBJGOakpqhhpRoKgwGOk4Q2uJ37jgQhJQ36vhhFpB6jHqU8xUlrqmNkKdCmHdzeF8+KJ7mfFjpm3StYUcJnYc5J3cu7x89gZVjvmt9sNcRwQrjBDUrZsK1LtBAlFMSOjjBtLEiE8QD3S0pSjgMh2Mj19BI+00oV+KHRxBafq740EBVIOA09PBkj15aI3Ef/zWrHyL9sJ5VGsCMezh/yYQRXCSQ6wSwXBig01QVhQfSvEfSQQVjqtjA7BXvzyMqmXS/ZpqXxr550rMEMaHIIcKAAbXAAHVEAV1AAGj+AFvIF348l4NT6Mz9loypjvHIA/ML5+AJ9JlJ4=</latexit>

W a
µ⌫ , Bµ⌫ : U(1)4local

<latexit sha1_base64="ztC9XLwgkqnLvGNHzgkdWOYGM0Q=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0WoICWpBcVVqRuXFUxbaNowmU7boZNJmJkIJeQX3Pgrblwo4tadO//GaRtEWw9cOHPOvcy9x48Ylcqyvozcyura+kZ+s7C1vbO7Z+4fNGUYC0wcHLJQtH0kCaOcOIoqRtqRICjwGWn54+up37onQtKQ36lJRLoBGnI6oBgpLXlmqeUlbhC7PE576AzWf15X0CnZp17CQoxY2qt6ZtEqWzPAZWJnpAgyNDzz0+2HOA4IV5ghKTu2FalugoSimJG04MaSRAiP0ZB0NOUoILKbzC5K4YlW+nAQCl1cwZn6eyJBgZSTwNedAVIjuehNxf+8TqwGl92E8ihWhOP5R4OYQRXCaTywTwXBik00QVhQvSvEIyQQVjrEgg7BXjx5mTQrZfu8XLmtFmv1LI48OALHoARscAFq4AY0gAMweABP4AW8Go/Gs/FmvM9bc0Y2cwj+wPj4BlZXnLA=</latexit>
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         Strong multipole interactions
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⇤
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⇤
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⇤

SMI Senario I Senario 2SILH



HL-LHC Reach

 LEP S-parameter

LHC di-boson

m⇤[TeV]
<latexit sha1_base64="67JTU7f4Vha0bF57zmStk/+Yfzc=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSCIh7AbBT0GvXiMkBckyzI76SRDZh/M9AbDkj/x4kERr/6JN//GSbIHTSxoKKq66e4KEik0Os63tba+sbm1Xdgp7u7tHxzaR8dNHaeKQ4PHMlbtgGmQIoIGCpTQThSwMJDQCkb3M781BqVFHNVxkoAXskEk+oIzNJJv26F/STtdhCfM6tCcer5dcsrOHHSVuDkpkRw13/7q9mKehhAhl0zrjusk6GVMoeASpsVuqiFhfMQG0DE0YiFoL5tfPqXnRunRfqxMRUjn6u+JjIVaT8LAdIYMh3rZm4n/eZ0U+7deJqIkRYj4YlE/lRRjOouB9oQCjnJiCONKmFspHzLFOJqwiiYEd/nlVdKslN2rcuXxulS9y+MokFNyRi6IS25IlTyQGmkQTsbkmbySNyuzXqx362PRumblMyfkD6zPHwc4k0U=</latexit>

2.5

4.0

10.6

13.4

17.6

SMI+MCHM

SMI+ISO(4)

r
g⇤
4⇡

<latexit sha1_base64="JtWqaymUBV3+JqhqUFE5TSKyalU=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWQTyUpBb0WPTisYL9gCaEzXbTLt1s4u5EKCEX/4oXD4p49Wd489+4bXPQ1gcDj/dmmJkXJJwpsO1vo7Syura+Ud6sbG3v7O6Z+wcdFaeS0DaJeSx7AVaUM0HbwIDTXiIpjgJOu8H4Zup3H6lULBb3MEmoF+GhYCEjGLTkm0euepCQuaHEJBv653nWcBOW575ZtWv2DNYycQpSRQVavvnlDmKSRlQA4VipvmMn4GVYAiOc5hU3VTTBZIyHtK+pwBFVXjZ7ILdOtTKwwljqEmDN1N8TGY6UmkSB7owwjNSiNxX/8/ophFdexkSSAhVkvihMuQWxNU3DGjBJCfCJJphIpm+1yAjrLEBnVtEhOIsvL5NOveZc1Op3jWrzuoijjI7RCTpDDrpETXSLWqiNCMrRM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwB0lZb0</latexit>

r
g⇤
4⇡

<latexit sha1_base64="JtWqaymUBV3+JqhqUFE5TSKyalU=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWQTyUpBb0WPTisYL9gCaEzXbTLt1s4u5EKCEX/4oXD4p49Wd489+4bXPQ1gcDj/dmmJkXJJwpsO1vo7Syura+Ud6sbG3v7O6Z+wcdFaeS0DaJeSx7AVaUM0HbwIDTXiIpjgJOu8H4Zup3H6lULBb3MEmoF+GhYCEjGLTkm0euepCQuaHEJBv653nWcBOW575ZtWv2DNYycQpSRQVavvnlDmKSRlQA4VipvmMn4GVYAiOc5hU3VTTBZIyHtK+pwBFVXjZ7ILdOtTKwwljqEmDN1N8TGY6UmkSB7owwjNSiNxX/8/ophFdexkSSAhVkvihMuQWxNU3DGjBJCfCJJphIpm+1yAjrLEBnVtEhOIsvL5NOveZc1Op3jWrzuoijjI7RCTpDDrpETXSLWqiNCMrRM3pFb8aT8WK8Gx/z1pJRzByiPzA+fwB0lZb0</latexit>

D. L. and L.T. Wang  ‘18 dilepton: M. Farina et al  16’see also R. Franceschini et al 17’

SMI LHC di-lepton



                  Muon g-2
�aµ =

4m2
µ

⇤2 cos ✓w
cµB

<latexit sha1_base64="+FAbmzeRHNvlR2343N1aqfp0O0E="></latexit>

42 Remedios+MCHM

SILH cµB ⇠ g2⇤
(4⇡)2

<latexit sha1_base64="oGgjOYZRYVHUmKG3I3EoF/mtVxw=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARqosy0xZ0WerGZQV7gU4dMmmmDU1mhiQjlDAP4sZXceNCETcuBN/G9LLQ1gOBj/8/Jzn5g4RRqRzn28qtrW9sbuW3Czu7e/sH9uFRW8apwKSFYxaLboAkYTQiLUUVI91EEMQDRjrB+Hrqdx6IkDSO7tQkIX2OhhENKUbKSL5d1d7sEh2wlGTY1x5PYSODnqQceqFAWA/9i/tKpks1L6HnhjLfLjplZ1ZwFdwFFMGimr796Q1inHISKcyQlD3XSVRfI6EoZiQreKkkCcJjNCQ9gxHiRPb1bK8MnhllAMNYmBMpOFN/T2jEpZzwwHRypEZy2ZuK/3m9VIVXfU2jJFUkwvOHwpRBFcNpUnBABcGKTQwgLKjZFeIRMokok2fBhOAuf3kV2pWyWy1XbmvFemMRRx6cgFNQAi64BHVwA5qgBTB4BM/gFbxZT9aL9W59zFtz1mLmGPwp6+sHsMehsQ==</latexit>

cµB ⇠ g⇤
g0

<latexit sha1_base64="yTwj+9juH3u+X5ietdtjRSjGbos=">AAACGXicbVDLSgMxFM3UV62vqks3wSKIizJTBV2WunFZwT6gU4dMeqcGk5khyQglzG+48VfcuFDEpa78G9PHQlsPXDicc29y7wlTzpR23W+nsLS8srpWXC9tbG5t75R399oqySSFFk14IrshUcBZDC3NNIduKoGIkEMnvL8c+50HkIol8Y0epdAXZBiziFGirRSUXeNPHjESBjkNjC8y3Mixr5jAfiQJNcPgJDfDWz+VTECeB+WKW3UnwIvEm5EKmqEZlD/9QUIzAbGmnCjV89xU9w2RmlEOecnPFKSE3pMh9CyNiQDVN5OlcnxklQGOEmkr1nii/p4wRCg1EqHtFETfqXlvLP7n9TIdXfQNi9NMQ0ynH0UZxzrB45jwgEmgmo8sIVQyuyumd8TmoW2YJRuCN3/yImnXqt5ptXZ9Vqk3ZnEU0QE6RMfIQ+eojq5QE7UQRY/oGb2iN+fJeXHenY9pa8GZzeyjP3C+fgAAV6GK</latexit>

Fermilab/BNL, ’23 

<latexit sha1_base64="fr313MuXGMwBH3Kl6Ovh396hWvs="></latexit>

OµB =
g
0
yµ

⇤2
L̄L�

µ⌫
µRHBµ⌫

<latexit sha1_base64="TOlC28+dF3jDAYpg5KWvX03Qn1o=">AAACAHicbVC7SgNBFJ31GeMramFhMxgECwm7ItEyaGNhESEvyC5hdnKTDJl9MHNXDEsaf8XGQhFbP8POv3GSbKGJBwYO55zLnXv8WAqNtv1tLS2vrK6t5zbym1vbO7uFvf2GjhLFoc4jGamWzzRIEUIdBUpoxQpY4Eto+sObid98AKVFFNZwFIMXsH4oeoIzNFKncOjemXCXUfeMtl2ER0xr0Bh7nULRLtlT0EXiZKRIMlQ7hS+3G/EkgBC5ZFq3HTtGL2UKBZcwzruJhpjxIetD29CQBaC9dHrAmJ4YpUt7kTIvRDpVf0+kLNB6FPgmGTAc6HlvIv7ntRPsXXmpCOMEIeSzRb1EUozopA3aFQo4ypEhjCth/kr5gCnG0XSWNyU48ycvksZ5ySmXyvcXxcp1VkeOHJFjckocckkq5JZUSZ1wMibP5JW8WU/Wi/VufcyiS1Y2c0D+wPr8AbpZleE=</latexit>

⇤ [TeV]

<latexit sha1_base64="jMk9Ehgqj9auwk2NscLrK6+Q8tg=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6sEyKVDdC0Y3LCvYBnbFk0kwbmmSGJCOUoR/gxl9x40IRt36AO//GtJ2Fth4IHM45l5t7gpgzbVz321laXlldW89t5De3tnd2C3v7TR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC4fXEbz1QpVkk78wopr7AfclCRrCxUrdQ9DTrCwxLuOuJ5ARewkoFeoYJqiFy79NThMY25ZbdKe AiQRkpggz1buHL60UkEVQawrHWHeTGxk+xMoxwOs57iaYxJkPcpx1LJbbb/HR6zBgeW6UHw0jZJw2cqr8nUiy0HonAJgU2Az3vTcT/vE5iwgs/ZTJODJVktihMODQRnDQDe0xRYvjIEkwUs3+FZIAVJsb2l7cloPmTF0mzUkbVcvX2rFi7yurIgUNwBEoAgXNQAzegDhqAgEfwDF7Bm/PkvDjvzscsuuRkMwfgD5zPH6QKmNU=</latexit>

�(aµ) = 22⇥ 10�11

<latexit sha1_base64="5ROTskeu7bHwmwDVefe4Keujyfg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEpOquqAuXFewDmhgm00k7dGYSZiZCCcWNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W4WFxaXlleJqaW19Y3PL3t5pqjiVmDRwzGLZDpEijArS0FQz0k4kQTxkpBUOrsZ+64FIRWNxp4cJ8TnqCRpRjLSRAnvPuyZMI4gCj6fQU5RD17nPji9GgV12Ks4EcJ64OSmDHPXA/vK6MU45ERozpFTHdRLtZ0hqihkZlbxUkQThAeqRjqECcaL8bPLCCB4apQujWJoSGk7U3xMZ4koNeWg6OdJ9NeuNxf+8Tqqjcz+jIkk1EXi6KEoZ1DEc5wG7VBKs2dAQhCU1t0LcRxJhbVIrmRDc2ZfnSfOk4lYr1dvTcu0yj6MI9sEBOAIuOAM1cAPqoAEweATP4BW8WU/Wi/VufUxbC1Y+swv+wPr8AUfnlhY=</latexit>

�aµ ⇠ 10�9

<latexit sha1_base64="PauvgRBOT4KQFsi1pU3Eto/xOIA=">AAACDXicbVC7SgNBFJ31GeMramkzGAWxCLsSomXQxjKCeUA2hNnJ3WTI7IOZu2JY9gds/BUbC0Vs7e38GyePQhMPXDicc+/MvceLpdBo29/W0vLK6tp6biO/ubW9s1vY22/oKFEc6jySkWp5TIMUIdRRoIRWrIAFnoSmN7we+817UFpE4R2OYugErB8KX3CGRuoWjl2EB5y8k3oygSylrq8YT/vdsywtUzcWWdYtFO2SPQFdJM6MFMkMtW7hy+1FPAkgRC6Z1m3HjrGTMoWCS8jybqIhZnzI+tA2NGQB6E462SKjJ0bpUT9SpkKkE/X3RMoCrUeBZzoDhgM9743F/7x2gv5lJxVhnCCEfPqRn0iKER1HQ3tCAUc5MoRxJcyulA+YCQNNgHkTgjN/8iJpnJecSqlyWy5Wr2Zx5MghOSKnxCEXpEpuSI3UCSeP5Jm8kjfryXqx3q2PaeuSNZs5IH9gff4AgEecdw==</latexit>g⇤
4⇡

7

<latexit sha1_base64="276rY2+Z2Uz9ouc4BtOuzXwdECk=">AAACE3icbVA9SwNBEN2L3/ErammzGASxCHcSomXQxlLBmEAuhL3NXFyy9+HunBiW+w82/hUbC0Vsbez8N25iCk18MPB4b2Z35gWpFBpd98spzM0vLC4trxRX19Y3Nktb29c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDM5GfvMOlBZJfIXDFDoR68ciFJyhlbqlQx/hHsfvGAW93Pj6VqGhfqgYN/3uYW6q1E9FnufdUtmtuGPQWeJNSJlMcNEtffq9hGcRxMgl07rtuSl2DFMouIS86GcaUsYHrA9tS2MWge6Y8S453bdKj4aJshUjHau/JwyLtB5Gge2MGN7oaW8k/ue1MwxPOkbEaYYQ85+PwkxSTOgoINoTCjjKoSWMK2F3pfyG2TTQxli0IXjTJ8+S66OKV6vULqvl+ukkjmWyS/bIAfHIMamTc3JBGoSTB/JEXsir8+g8O2/O+09rwZnM7JA/cD6+Adgrn2Q=</latexit>r
g⇤
4⇡



                  Dipole Observables at Colliders

T.  Han, D. L. and S. Wang, work in progress

<latexit sha1_base64="RdA4h2kE4SmYklVP2F63UW5RGdE="></latexit>

OµB =
g
0
y 

⇤2
 
(2)
L �

µ⌫
 RHBµ⌫

<latexit sha1_base64="z0ni1RoRPKEMgyLlh9lcIS2izpw=">AAAB/XicbVBNS8NAEN3Ur1q/4sfNy2IRPJSSiFQvQtGLxwq2FZpQNttNu3SzCbsToYbiX/HiQRGv/g9v/hu3bQ7a+mDg8d4MM/OCRHANjvNtFZaWV1bXiuuljc2t7R17d6+l41RR1qSxiNV9QDQTXLImcBDsPlGMRIFg7WB4PfHbD0xpHss7GCXMj0hf8pBTAkbq2gdeojm+xFDBQQXTCvaApF277FSdKfAicXNSRjkaXfvL68U0jZgEKojWHddJwM+IAk4FG5e8VLOE0CHps46hkkRM+9n0+jE+NkoPh7EyJQFP1d8TGYm0HkWB6YwIDPS8NxH/8zophBd+xmWSApN0tihMBYYYT6LAPa4YBTEyhFDFza2YDogiFExgJROCO//yImmdVt1atXZ7Vq5f5XEU0SE6QifIReeojm5QAzURRY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP5bfk2Y=</latexit>

 = t, b, c, ⌧

<latexit sha1_base64="d+RZRp7oUw0w9kX8casOVxeAG3A=">AAAB8XicbVBNSwMxEM36WetX1aOXYBE82LIrUj0WvXisYD+w3ZZsOtuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0likKdRjxSrYBo4ExC3TDDoRUrICLg0AxGt1O/+QRKs0g+mHEMviADyUJGibHSI3RL57gjkm6pVyi6ZXcGvEy8jBRRhlqv8NXpRzQRIA3lROu258bGT4kyjHKY5DuJhpjQERlA21JJBGg/nV08wadW6eMwUrakwTP190RKhNZjEdhOQcxQL3pT8T+vnZjw2k+ZjBMDks4XhQnHJsLT93GfKaCGjy0hVDF7K6ZDogg1NqS8DcFbfHmZNC7KXqVcub8sVm+yOHLoGJ2gM+ShK1RFd6iG6ogiiZ7RK3pztPPivDsf89YVJ5s5Qn/gfP4AIYSP7g==</latexit>

e�, µ�

<latexit sha1_base64="hfCBdnprLyBc73u7gjwnTL9yv8I=">AAAB8XicbVBNSwMxEM36WetX1aOXYBGEStkVqR6LXjxWsB/Ybks2nW1Dk+ySZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QcyZNq777aysrq1vbOa28ts7u3v7hYPDho4SRaFOIx6pVkA0cCahbpjh0IoVEBFwaAaj26nffAKlWSQfzDgGX5CBZCGjxFjpEbqlc9wRSbfUKxTdsjsDXiZeRoooQ61X+Or0I5oIkIZyonXbc2Pjp0QZRjlM8p1EQ0zoiAygbakkArSfzi6e4FOr9HEYKVvS4Jn6eyIlQuuxCGynIGaoF72p+J/XTkx47adMxokBSeeLwoRjE+Hp+7jPFFDDx5YQqpi9FdMhUYQaG1LehuAtvrxMGhdlr1Ku3F8WqzdZHDl0jE7QGfLQFaqiO1RDdUSRRM/oFb052nlx3p2PeeuKk80coT9wPn8AG2aP6g==</latexit>

e+, µ+

<latexit sha1_base64="JzeGqJpo/nc4vOTsUGEfP6CmayI=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLg8TwYbXm1b0F8F/iF6QGBVrD6udgFNNUMmWpIMb0fS+xQUa05VSweWWQGpYQOiVj1ndUEclMkC1uneMzp4xwFGtXyuKF+nMiI9KYmQxdpyR2Yla9XPzP66c2ug4yrpLUMkWXi6JUYBvj/HE84ppRK2aOEKq5uxXTCdGEWhdPxYXgr778l3Qu6n6j3ri/rDVvijjKcAKncA4+XEET7qAFbaAwgSd4gVck0TN6Q+/L1hIqZo7hF9DHNyfRjlU=</latexit>

 

<latexit sha1_base64="2ol7+HeFhTvHIjbUZaytUm7JX0o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ic0oWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5kmNBB4JFnECDZWevRDrJCfaDao1ty6mwOtEq8gNSjQGlS//GFMUkGlIRxr3ffcxAQZVoYRTmcVP9U0wWSCR7RvqcSC6iDLD56hM6sMURQrW9KgXP09kWGh9VSEtlNgM9bL3lz8z+unJroOMiaT1FBJFouilCMTo/n3aMgUJYZPLcFEMXsrImOsMDE2o4oNwVt+eZV0Lupeo964v6w1b4o4ynACp3AOHlxBE+6gBW0gIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4Ae3aQOA==</latexit>

 ̄

<latexit sha1_base64="zq3WVZgnCd4cdB/AVXAQtIAE7cQ=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxhLvGoEeiF4+YyCPChvQOA0yY2V1nZk3Ihp/w4kFjvPo73vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESqFaBmgoesbrgRrBUrhjIQrBmMbqZ+84kpzaPw3oxj5kschLzPKRortR7OOgOUErvFklt2ZyDLxMtICTLUusWvTi+iiWShoQK1bntubPwUleFUsEmhk2gWIx3hgLUtDVEy7aezeyfkxCo90o+UrdCQmfp7IkWp9VgGtlOiGepFbyr+57UT07/yUx7GiWEhnS/qJ4KYiEyfJz2uGDVibAlSxe2thA5RITU2ooINwVt8eZk0zstepVy5uyhVr7M48nAEx3AKHlxCFW6hBnWgIOAZXuHNeXRenHfnY96ac7KZQ/gD5/MHp56PvQ==</latexit>

Z/�
<latexit sha1_base64="Y192Co5n3WycBxKYdKASY9et8Y4=">AAACFXicbVDLSgMxFM34rPVVdekmWIQKUmaKVJdFEVwIVrAP6NQhk8m0oUlmSDJCGeYn3Pgrblwo4lZw59+YPhbaeiBwOOfem3uPHzOqtG1/WwuLS8srq7m1/PrG5tZ2YWe3qaJEYtLAEYtk20eKMCpIQ1PNSDuWBHGfkZY/uBj5rQciFY3EnR7GpMtRT9CQYqSN5BWOXUU5dDnSfYxYepOV3FAinF5C7rmxolnqXptpAbqvZEdeoWiX7THgPHGmpAimqHuFLzeIcMKJ0JghpTqOHetuiqSmmJEs7yaKxAgPUI90DBWIE9VNx1dl8NAoAQwjaZ7QcKz+7kgRV2rIfVM5Wl/NeiPxP6+T6PCsm1IRJ5oIPPkoTBjUERxFBAMqCdZsaAjCkppdIe4jk4o2QeZNCM7syfOkWSk71XL19qRYO5/GkQP74ACUgANOQQ1cgTpoAAwewTN4BW/Wk/VivVsfk9IFa9qzB/7A+vwBVRGe7w==</latexit>

⇠ O(
Em 

⇤2
)



                  Dipole Observables at Colliders

T.  Han, D. L. and S. Wang, work in progress

<latexit sha1_base64="RdA4h2kE4SmYklVP2F63UW5RGdE="></latexit>

OµB =
g
0
y 

⇤2
 
(2)
L �

µ⌫
 RHBµ⌫

<latexit sha1_base64="z0ni1RoRPKEMgyLlh9lcIS2izpw=">AAAB/XicbVBNS8NAEN3Ur1q/4sfNy2IRPJSSiFQvQtGLxwq2FZpQNttNu3SzCbsToYbiX/HiQRGv/g9v/hu3bQ7a+mDg8d4MM/OCRHANjvNtFZaWV1bXiuuljc2t7R17d6+l41RR1qSxiNV9QDQTXLImcBDsPlGMRIFg7WB4PfHbD0xpHss7GCXMj0hf8pBTAkbq2gdeojm+xFDBQQXTCvaApF277FSdKfAicXNSRjkaXfvL68U0jZgEKojWHddJwM+IAk4FG5e8VLOE0CHps46hkkRM+9n0+jE+NkoPh7EyJQFP1d8TGYm0HkWB6YwIDPS8NxH/8zophBd+xmWSApN0tihMBYYYT6LAPa4YBTEyhFDFza2YDogiFExgJROCO//yImmdVt1atXZ7Vq5f5XEU0SE6QifIReeojm5QAzURRY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP5bfk2Y=</latexit>

 = t, b, c, ⌧

<latexit sha1_base64="d+RZRp7oUw0w9kX8casOVxeAG3A=">AAAB8XicbVBNSwMxEM36WetX1aOXYBE82LIrUj0WvXisYD+w3ZZsOtuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0likKdRjxSrYBo4ExC3TDDoRUrICLg0AxGt1O/+QRKs0g+mHEMviADyUJGibHSI3RL57gjkm6pVyi6ZXcGvEy8jBRRhlqv8NXpRzQRIA3lROu258bGT4kyjHKY5DuJhpjQERlA21JJBGg/nV08wadW6eMwUrakwTP190RKhNZjEdhOQcxQL3pT8T+vnZjw2k+ZjBMDks4XhQnHJsLT93GfKaCGjy0hVDF7K6ZDogg1NqS8DcFbfHmZNC7KXqVcub8sVm+yOHLoGJ2gM+ShK1RFd6iG6ogiiZ7RK3pztPPivDsf89YVJ5s5Qn/gfP4AIYSP7g==</latexit>

e�, µ�

<latexit sha1_base64="hfCBdnprLyBc73u7gjwnTL9yv8I=">AAAB8XicbVBNSwMxEM36WetX1aOXYBGEStkVqR6LXjxWsB/Ybks2nW1Dk+ySZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QcyZNq777aysrq1vbOa28ts7u3v7hYPDho4SRaFOIx6pVkA0cCahbpjh0IoVEBFwaAaj26nffAKlWSQfzDgGX5CBZCGjxFjpEbqlc9wRSbfUKxTdsjsDXiZeRoooQ61X+Or0I5oIkIZyonXbc2Pjp0QZRjlM8p1EQ0zoiAygbakkArSfzi6e4FOr9HEYKVvS4Jn6eyIlQuuxCGynIGaoF72p+J/XTkx47adMxokBSeeLwoRjE+Hp+7jPFFDDx5YQqpi9FdMhUYQaG1LehuAtvrxMGhdlr1Ku3F8WqzdZHDl0jE7QGfLQFaqiO1RDdUSRRM/oFb052nlx3p2PeeuKk80coT9wPn8AG2aP6g==</latexit>

e+, µ+

<latexit sha1_base64="JzeGqJpo/nc4vOTsUGEfP6CmayI=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLg8TwYbXm1b0F8F/iF6QGBVrD6udgFNNUMmWpIMb0fS+xQUa05VSweWWQGpYQOiVj1ndUEclMkC1uneMzp4xwFGtXyuKF+nMiI9KYmQxdpyR2Yla9XPzP66c2ug4yrpLUMkWXi6JUYBvj/HE84ppRK2aOEKq5uxXTCdGEWhdPxYXgr778l3Qu6n6j3ri/rDVvijjKcAKncA4+XEET7qAFbaAwgSd4gVck0TN6Q+/L1hIqZo7hF9DHNyfRjlU=</latexit>

 

<latexit sha1_base64="2ol7+HeFhTvHIjbUZaytUm7JX0o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ic0oWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5kmNBB4JFnECDZWevRDrJCfaDao1ty6mwOtEq8gNSjQGlS//GFMUkGlIRxr3ffcxAQZVoYRTmcVP9U0wWSCR7RvqcSC6iDLD56hM6sMURQrW9KgXP09kWGh9VSEtlNgM9bL3lz8z+unJroOMiaT1FBJFouilCMTo/n3aMgUJYZPLcFEMXsrImOsMDE2o4oNwVt+eZV0Lupeo964v6w1b4o4ynACp3AOHlxBE+6gBW0gIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4Ae3aQOA==</latexit>

 ̄

<latexit sha1_base64="zq3WVZgnCd4cdB/AVXAQtIAE7cQ=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxhLvGoEeiF4+YyCPChvQOA0yY2V1nZk3Ihp/w4kFjvPo73vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiKKvTSESqFaBmgoesbrgRrBUrhjIQrBmMbqZ+84kpzaPw3oxj5kschLzPKRortR7OOgOUErvFklt2ZyDLxMtICTLUusWvTi+iiWShoQK1bntubPwUleFUsEmhk2gWIx3hgLUtDVEy7aezeyfkxCo90o+UrdCQmfp7IkWp9VgGtlOiGepFbyr+57UT07/yUx7GiWEhnS/qJ4KYiEyfJz2uGDVibAlSxe2thA5RITU2ooINwVt8eZk0zstepVy5uyhVr7M48nAEx3AKHlxCFW6hBnWgIOAZXuHNeXRenHfnY96ac7KZQ/gD5/MHp56PvQ==</latexit>

Z/�

<latexit sha1_base64="Y192Co5n3WycBxKYdKASY9et8Y4=">AAACFXicbVDLSgMxFM34rPVVdekmWIQKUmaKVJdFEVwIVrAP6NQhk8m0oUlmSDJCGeYn3Pgrblwo4lZw59+YPhbaeiBwOOfem3uPHzOqtG1/WwuLS8srq7m1/PrG5tZ2YWe3qaJEYtLAEYtk20eKMCpIQ1PNSDuWBHGfkZY/uBj5rQciFY3EnR7GpMtRT9CQYqSN5BWOXUU5dDnSfYxYepOV3FAinF5C7rmxolnqXptpAbqvZEdeoWiX7THgPHGmpAimqHuFLzeIcMKJ0JghpTqOHetuiqSmmJEs7yaKxAgPUI90DBWIE9VNx1dl8NAoAQwjaZ7QcKz+7kgRV2rIfVM5Wl/NeiPxP6+T6PCsm1IRJ5oIPPkoTBjUERxFBAMqCdZsaAjCkppdIe4jk4o2QeZNCM7syfOkWSk71XL19qRYO5/GkQP74ACUgANOQQ1cgTpoAAwewTN4BW/Wk/VivVsfk9IFa9qzB/7A+vwBVRGe7w==</latexit>

⇠ O(
Em 

⇤2
)



                 Conclusion

- Direct resonance searches and precision 
measurement are both important


- In addition to resonance searches, HL-LHC is also 
important for precision measurement


- Muon Collider can do both great!



My Plan at TDLI



桃李荫翳

家安其所

             TDLI’s Vision



 TDLI: A great place for particle physics

- Many great physicists


- Excellent young researchers


- Diverse physics program in both theory and 
experiments


PandaX, JUNO, IceCube, TRIDENT
LHC/ATLAS,  BEPC/BES, CEPC

 Muon g-2, DarkSHINE etc.



- Conduct pioneering research


- Mentoring excellent Ph.D. students


- Help to organize seminars and workshops            


             My Plan at TDLI



My Strength: International Collaborators

- Roberto Contino (Sapienza, Rome), Alex Pomarol 
(UAB, Barcelona), Riccardo Rattazzi (EPFL), 
Francesco Riva (UNIGE, Geneva) etc.


- Brian Batell (PITT PACC), Marcela Carena 
(Fermilab/UChicago), Tao Han (PITT PACC), Ian Low 
(Northwestern/Argonne), Markus Luty (UC Davis), 
Carlos Wagner (UChicago/Argonne), Lian-Tao Wang 
(UChicago), John Terning (UC Davis) etc.         




My Strength: Broad Research Topics

- Strong Electroweak Dynamics at Future Colliders 


- Light Dark Matter Detection    


- On-shell Massive Amplitude 


- Etc.




My Strength: Phenomenology of CHMs at 
Colliders

- Dipole observables at LHC and future colliders


- Composite resonance searches at muon collider


- Higgs coupling measurement at muon colliders        

Look forward to collaborations with 
excellent  theory  and experimental colleagues at TDLI!



My Strength: Professional Knowledge of 
Programming

- FeynRules, FeynCalc


- MadGraph5, Pythia, Delphes    


- C++, Python, Mathematica        




<latexit sha1_base64="XE0rDJtN2ctjqR92V20rvooIPJc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuykNxkzu7PMzAbCkn/w4kERr/6PN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2tEwVwzqTQqpWQDUKHmPdcCOwlSikUSCwGQzvpn5zhEpzGT+acYJ+RPsxDzmjxkqNzggZGXZLZbfizkCWiZeTMuSodUtfnZ5kaYSxYYJq3fbcxPgZVYYzgZNiJ9WYUDakfWxbGtMItZ/Nrp2QU6v0SCiVrdiQmfp7IqOR1uMosJ0RNQO96E3F/7x2asIbP+NxkhqM2XxRmApiJJm+TnpcITNibAllittbCRtQRZmxARVtCN7iy8ukcV7xriqXDxfl6m0eRwGO4QTOwINrqMI91KAODJ7gGV7hzZHOi/PufMxbV5x85gj+wPn8ATIqjuU=</latexit>

~k

<latexit sha1_base64="yBeicqdGYlnla6mXZDAjnZKoyHQ=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZNcxOepMhM7PrzGwgLPkOLx4U8erHePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRINnEloGGY4tBMFRIQcWuHwduq3RqA0i+WDGScQCNKXLGKUGCsF/ggoHj76iWICuuWKW3VnwMvEy0kF5ah3y19+L6apAGkoJ1p3PDcxQUaUYZTDpOSnGhJCh6QPHUslEaCDbHb0BJ9YpYejWNmSBs/U3xMZEVqPRWg7BTEDvehNxf+8Tmqi6yBjMkkNSDpfFKUcmxhPE8A9poAaPraEUMXsrZgOiCLU2JxKNgRv8eVl0jyrepfVi/vzSu0mj6OIjtAxOkUeukI1dIfqqIEoekLP6BW9OSPnxXl3PuatBSefOUR/4Hz+AJpVkgI=</latexit>

~k0

<latexit sha1_base64="OF4wCPQZdQHwLkQQsAsMRUwJGzU="></latexit>

�L = � �2

2fN
N̄N � �2

2fe
ēe

<latexit sha1_base64="G1HUzzl9/hgknpzm8sUD3WO7cvE=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUR8bYSiG1elgn1AE8LNdNIOnUzCzEQopTs3/oobF4q49Rfc+TdO2yy09VwuHM65l5l7wpQzpR3n21pYXFpeWS2sFdc3Nre27Z3dhkoySWidJDyRrRAU5UzQumaa01YqKcQhp82wfzP2mw9UKpaIez1IqR9DV7CIEdBGCuwDj4Pocoq9ECSumvLkVLjCIqgGdskpOxPgeeLmpIRy1AL7y+skJIup0ISDUm3XSbU/BKkZ4XRU9DJFUyB96NK2oQJiqvzh5I4RPjJKB0eJNC00nqi/N4YQKzWIQzMZg+6pWW8s/ue1Mx1d+kMm0kxTQaYPRRnHOsHjUHCHSUo0HxgCRDLzV0x6IIFoE13RhODOnjxPGidl97x8dndaqlzncRTQPjpEx8hFF6iCblEN1RFBj+gZvaI368l6sd6tj+nogpXv7KE/sD5/AHnal8o=</latexit>

hN̄Ni = nN

<latexit sha1_base64="7J1Wi4VHRM6J7GQ/QECXAIx/rQk=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdSMU3bisYB/QhDCZ3rRDJ5MwMxFK6NKNv+LGhSJu/QR3/o3TNgttPZcLh3PuZeaeMOVMacf5tpaWV1bX1ksb5c2t7Z1de2+/pZJMUmjShCeyExIFnAloaqY5dFIJJA45tMPhzcRvP4BULBH3epSCH5O+YBGjRBspsI88TkSfA/ZCIjGY8uRMuMJYBBDYFafqTIEXiVuQCirQCOwvr5fQLAahKSdKdV0n1X5OpGaUw7jsZQpSQoekD11DBYlB+fn0kDE+MUoPR4k0LTSeqr83chIrNYpDMxkTPVDz3kT8z+tmOrr0cybSTIOgs4eijGOd4EkquMckUM1HhhAqmfkrpgMiCdUmu7IJwZ0/eZG0zqpurVq7O6/Ur4s4SugQHaNT5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz9Empg6</latexit>

hēei = ne

<latexit sha1_base64="TE1Rl3MygP6HAxLjbvLRyObxiUM=">AAACF3icbVDJSgNBEO2JW4xb1KOXxiB4McwEt4sQ9OJJIpgFMkno6dQkTXp6hu6eQBjmL7z4K148KOJVb/6NneWgiQ8KHu9VUVXPizhT2ra/rczS8srqWnY9t7G5tb2T392rqTCWFKo05KFseEQBZwKqmmkOjUgCCTwOdW9wM/brQ5CKheJBjyJoBaQnmM8o0Ubq5IvYHQJNBmk7cSPJAsClFF9NRDxol/AJdn1JaCI6d2nip518wS7aE+BF4sxIAc1Q6eS/3G5I4wCEppwo1XTsSLcSIjWjHNKcGyuICB2QHjQNFSQA1Uomf6X4yChd7IfSlNB4ov6eSEig1CjwTGdAdF/Ne2PxP68Za/+ylTARxRoEnS7yY451iMch4S6TQDUfGUKoZOZWTPvE5KBNlDkTgjP/8iKplYrOefHs/rRQvp7FkUUH6BAdIwddoDK6RRVURRQ9omf0it6sJ+vFerc+pq0Zazazj/7A+vwBS3qexw==</latexit>

~k02 = ~k2 � nN

f
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My Strength: Broad Topics

<latexit sha1_base64="+GZMtuzwtiwfvH2VJfGX8cO3u/0="></latexit>
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My Strength: Strong Background in QFT

- On-shell Massive Amplitudes

     D. Liu and Z. Yin, “Gauge invariance from on-shell  

     massive amplitudes and tree-level unitarity,’’ 2022. 

     H.Y. Lai, D. Liu and J. Terning, “The constructive 

     methods for massive particles in QED,” 2023.


- Soft Theorem for the Goldstino                                
D. Liu and Z. Yin, work in progress 




My Strength: Organizing Seminar and Conference

- Seminar organizer at Argonne, UC Davis, PITT 
PACC


- Conference organizer                                           
Local organizer, BOOST 23, LBNL                                 
Organizer, Muon Collider Physics Benchmark 
Workshop, PITT PACC                                             
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             TDLI’s Vision



Back-up Slides



Two approaches for new physics

LEP I

Precision measurement



Two approaches for new physics

Tevatron, LHC

Resonance searches



Can HL-LHC do precision measurement?

LHC?



Uncertainty

• Lepton colliders:  ~ 0.1%

• Hadron Colliders:  3% - 20%
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Remedios + MCHM
<latexit sha1_base64="yi9+tb+zeKyYyECbly8/hvj0SEo=">AAACAHicbVDJSgNBEO2JW4zbqAcPXhqDIAhhJgp6DOaSSyCKWSAJoadTSZr0LHTXiGHIxV/x4kERr36GN//GznLQxAcFj/eqqKrnRVJodJxvK7Wyura+kd7MbG3v7O7Z+wc1HcaKQ5WHMlQNj2mQIoAqCpTQiBQw35NQ94bFiV9/AKVFGNzjKIK2z/qB6AnO0Egd+6iF8IjJHfjQFaGm57RcLJXHtGNnnZwzBV0m7pxkyRyVjv3V6oY89iFALpnWTdeJsJ0whYJLGGdasYaI8SHrQ9PQgPmg28n0gTE9NUqX9kJlKkA6VX9PJMzXeuR7ptNnONCL3kT8z2vG2LtuJyKIYoSAzxb1YkkxpJM0aFco4ChHhjCuhLmV8gFTjKPJLGNCcBdfXia1fM69yOVvL7OFm3kcaXJMTsgZcckVKZASqZAq4WRMnskrebOerBfr3fqYtaas+cwh+QPr8wdb2JWW</latexit>

SO(5)⇥gSU(2)/SO(4)⇥gSU(2)
<latexit sha1_base64="DoWu8WZwcaWvDxAHg66ZvMbVGQU=">AAACJnicdVDLSgNBEJz1bXytevQyGIR4ibsxohdB9OJNJW4MJCHMznZ0yOyDmV4lLPkaL/6KFw+KiDc/xcnjoIkWNBRV3XR3+YkUGh3n05qanpmdm19YzC0tr6yu2esbVR2nioPHYxmrms80SBGBhwIl1BIFLPQl3Pids75/cw9Kizi6xm4CzZDdRqItOEMjtezjykXhYJc2UISgaeNBBIBCBpBVvF6htLtn7PL/dsvOO0VnADpJ3BHJkxEuW/ZrI4h5GkKEXDKt666TYDNjCgWX0Ms1Ug0J4x12C3VDI2bWNrPBmz26Y5SAtmNlKkI6UH9OZCzUuhv6pjNkeKfHvb74l1dPsX3UzESUpAgRHy5qp5JiTPuZ0UAo4Ci7hjCuhLmV8jumGEeTbM6E4I6/PEmqpaK7XyxdlfMnp6M4FsgW2SYF4pJDckLOySXxCCeP5Jm8kjfryXqx3q2PYeuUNZrZJL9gfX0Dt8yjfw==</latexit>

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

W a
µ⌫

<latexit sha1_base64="OyG8BEhLa9DGs3XEtwgNcFkwfCw=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAdk1zA7mSRDZmaXeQhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHfFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctnVhFaJMkPFGdGGvKmaRNwwynnVRRLGJO2/H4dua3n6jSLJEPZpLSSOChZANGsHFS2O5lobChtNNH3CtX/Ko/B1olQU4qkKPRK3+F/YRYQaUhHGvdDfzURBlWhhFOp6XQappiMsZD2nVUYkF1lM1vnqIzp/TRIFGupEFz9fdEhoXWExG7ToHNSC97M/E/r2vN4DrKmEytoZIsFg0sRyZBswBQnylKDJ84goli7lZERlhhYlxMJRdCsPzyKmnVqsFFtXZ/Wanf5HEU4QRO4RwCuII63EEDmkAghWd4hTfPei/eu/exaC14+cwx/IH3+QNVqpHg</latexit>
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Remedios + ISO(4)
<latexit sha1_base64="0sPX63ODaxSw3s96DldCxPlTBBg=">AAACA3icbVDJSgNBEO2JW4xb1JteGoMQEcJMDOgx6EVPxiULJCH0dCpJk56F7hoxDAEv/ooXD4p49Se8+Td2loNGHxQ83quiqp4bSqHRtr+sxNz8wuJScjm1srq2vpHe3KroIFIcyjyQgaq5TIMUPpRRoIRaqIB5roSq2z8b+dU7UFoE/i0OQmh6rOuLjuAMjdRK7zQQ7jG+Bg/aItD0kA7pxc1ltnBAW+mMnbPHoH+JMyUZMkWplf5stAMeeeAjl0zrumOH2IyZQsElDFONSEPIeJ91oW6ozzzQzXj8w5DuG6VNO4Ey5SMdqz8nYuZpPfBc0+kx7OlZbyT+59Uj7Jw0Y+GHEYLPJ4s6kaQY0FEgtC0UcJQDQxhXwtxKeY8pxtHEljIhOLMv/yWVfM45yuWvCpni6TSOJNkleyRLHHJMiuSclEiZcPJAnsgLebUerWfrzXqftCas6cw2+QXr4xuGSZYf</latexit>

SO(5)
<latexit sha1_base64="yRDW57WJ4YtDuzQrUMAWtvPbwJE=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6RFjR6JXryJ0QIJNGS7bGHDdtvsbk1Iw2/w4kFjvPqDvPlvXKAHBV8yyct7M5mZFyScKe0431ZhZXVtfaO4Wdra3tnds/cPmipOJaEeiXks2wFWlDNBPc00p+1EUhwFnLaC0c3Ubz1RqVgsHvU4oX6EB4KFjGBtJO/hrnJx2rPLTtWZAS0TNydlyNHo2V/dfkzSiApNOFaq4zqJ9jMsNSOcTkrdVNEEkxEe0I6hAkdU+dns2Ak6MUofhbE0JTSaqb8nMhwpNY4C0xlhPVSL3lT8z+ukOrzyMyaSVFNB5ovClCMdo+nnqM8kJZqPDcFEMnMrIkMsMdEmn5IJwV18eZk0a1X3rFq7Py/Xr/M4inAEx1ABFy6hDrfQAA8IMHiGV3izhPVivVsf89aClc8cwh9Ynz+Iv43Y</latexit>

ISO(4) ' T
4 n SO(4)

<latexit sha1_base64="NNmW92/31ryKNaZP4IMiIfmfS9U=">AAACCHicbZC7TsMwFIYdrqXcAowMWFRIZamSUgnGChaYKKI3qQmV4zqtVccJtoNURR1ZeBUWBhBi5RHYeBvcNAO0HMnSp/8/R8fn9yJGpbKsb2NhcWl5ZTW3ll/f2NzaNnd2mzKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhhcTv/VAhKQhr6tRRNwA9Tn1KUZKS13z4Or2ulg5ho6kAbmH9bsKdJjSLGFqdM2CVbLSgvNgZ1AAWdW65pfTC3EcEK4wQ1J2bCtSboKEopiRcd6JJYkQHqI+6WjkSK9yk/SQMTzSSg/6odCPK5iqvycSFEg5CjzdGSA1kLPeRPzP68TKP3MTyqNYEY6ni/yYQRXCSSqwRwXBio00ICyo/ivEAyQQVjq7vA7Bnj15Hprlkn1SKt9UCtXzLI4c2AeHoAhscAqq4BLUQANg8AiewSt4M56MF+Pd+Ji2LhjZzB74U8bnD8eil0c=</latexit>

W a
µ⌫ : (3, 1)

<latexit sha1_base64="pKSmzNtVNuoVGUOaD/oiYNjnVrY=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqSElaQXFVdOOygn1AE8NkOm2HTiZhHkII9VfcuFDErR/izr9x2mahrQcuHM65l3vvCRNGpXKcb2tldW19Y7OwVdze2d3btw8O2zLWApMWjlksuiGShFFOWooqRrqJICgKGemE45up33kkQtKY36s0IX6EhpwOKEbKSIFd6gSZF2mP68kDuoKV+pl7Gthlp+rMAJeJm5MyyNEM7C+vH2MdEa4wQ1L2XCdRfoaEopiRSdHTkiQIj9GQ9AzlKCLSz2bHT+CJUfpwEAtTXMGZ+nsiQ5GUaRSazgipkVz0puJ/Xk+rwaWfUZ5oRTieLxpoBlUMp0nAPhUEK5YagrCg5laIR0ggrExeRROCu/jyMmnXqm69Wrs7Lzeu8zgK4AgcgwpwwQVogFvQBC2AQQqewSt4s56sF+vd+pi3rlj5TAn8gfX5A9SYk5I=</latexit>

Inonu-Wigner Contraction[T â, T b̂] = 0
<latexit sha1_base64="OEk2/N1oI9OqAqMVpSG9os1jmJ4=">AAACBXicbZDLSsNAFIYnXmu9RV3qYrAILqQkVdCNUHTjskJvkMZyMp20QycXZiZCCdm48VXcuFDEre/gzrdx2kbQ1h8GPv5zDmfO78WcSWVZX8bC4tLyymphrbi+sbm1be7sNmWUCEIbJOKRaHsgKWchbSimOG3HgkLgcdryhtfjeuueCsmisK5GMXUD6IfMZwSUtrrmgVO/SzsDUBiyE/zDXubiS2x1zZJVtibC82DnUEK5al3zs9OLSBLQUBEOUjq2FSs3BaEY4TQrdhJJYyBD6FNHYwgBlW46uSLDR9rpYT8S+oUKT9zfEykEUo4CT3cGoAZytjY2/6s5ifIv3JSFcaJoSKaL/IRjFeFxJLjHBCWKjzQAEUz/FZMBCCBKB1fUIdizJ89Ds1K2T8uV27NS9SqPo4D20SE6RjY6R1V0g2qogQh6QE/oBb0aj8az8Wa8T1sXjHxmD/2R8fENFCeXAQ==</latexit>



Effective Operators



Helicity structure for WW



               Light Scalar Dark Matter Model

<latexit sha1_base64="rthRJNr/hcNi0YjtXTW3Wpsn2KE=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIDKhKECqMBRbGItGH1ESR47itVduJbAepirLwKywMIMTKZ7DxN7hpBmg50r06Oude2feECaNKO863tbS8srq2Xtmobm5t7+zae/sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPx7dTvPhKpaCwe9CQhPkdDQQcUI22kwD6MgsyTHF7rmJ8VPYeeojywa07dKQAXiVuSGijRCuwvL4pxyonQmCGl+q6TaD9DUlPMSF71UkUShMdoSPqGCsSJ8rPigByeGCWCg1iaEhoW6u+NDHGlJjw0kxzpkZr3puJ/Xj/Vgys/oyJJNRF49tAgZVDHcJoGjKgkWLOJIQhLav4K8QhJhLXJrGpCcOdPXiSd87rbqDfuL2rNmzKOCjgCx+AUuOASNMEdaIE2wCAHz+AVvFlP1ov1bn3MRpescucA/IH1+QPEhJXl</latexit>

dAtom,Atom ⇠
<latexit sha1_base64="2zUwA0OnpEyabisDqIaZmW2ysU0=">AAACBnicbVDJSgNBEO1xjXEb9ShCYxC8GGbEJRch0YvHCGaBTAw9nU7SpHtm6K4RwzAnL/6KFw+KePUbvPk3dpaDJj4oeLxXRVU9PxJcg+N8W3PzC4tLy5mV7Ora+samvbVd1WGsKKvQUISq7hPNBA9YBTgIVo8UI9IXrOb3r4Z+7Z4pzcPgFgYRa0rSDXiHUwJGatl7HrAHSLxSKcUX2HXukqNCihNPSUxl2rJzTt4ZAc8Sd0JyaIJyy/7y2iGNJQuACqJ1w3UiaCZEAaeCpVkv1iwitE+6rGFoQCTTzWT0RooPjNLGnVCZCgCP1N8TCZFaD6RvOiWBnp72huJ/XiOGTqGZ8CCKgQV0vKgTCwwhHmaC21wxCmJgCKGKm1sx7RFFKJjksiYEd/rlWVI9zrtn+dObk1zxchJHBu2ifXSIXHSOiugalVEFUfSIntErerOerBfr3foYt85Zk5kd9AfW5w8oh5eq</latexit>

Å = 10�8cm

<latexit sha1_base64="FOnoHgD9vECQhwvPRy/+lmIUuRw="></latexit>

�̄dB =
1

m�v
⇠ 2.0⇥ 10�2cm

eV

m�

<latexit sha1_base64="OF4wCPQZdQHwLkQQsAsMRUwJGzU="></latexit>

�L = � �2

2fN
N̄N � �2

2fe
ēe

<latexit sha1_base64="G1HUzzl9/hgknpzm8sUD3WO7cvE=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUR8bYSiG1elgn1AE8LNdNIOnUzCzEQopTs3/oobF4q49Rfc+TdO2yy09VwuHM65l5l7wpQzpR3n21pYXFpeWS2sFdc3Nre27Z3dhkoySWidJDyRrRAU5UzQumaa01YqKcQhp82wfzP2mw9UKpaIez1IqR9DV7CIEdBGCuwDj4Pocoq9ECSumvLkVLjCIqgGdskpOxPgeeLmpIRy1AL7y+skJIup0ISDUm3XSbU/BKkZ4XRU9DJFUyB96NK2oQJiqvzh5I4RPjJKB0eJNC00nqi/N4YQKzWIQzMZg+6pWW8s/ue1Mx1d+kMm0kxTQaYPRRnHOsHjUHCHSUo0HxgCRDLzV0x6IIFoE13RhODOnjxPGidl97x8dndaqlzncRTQPjpEx8hFF6iCblEN1RFBj+gZvaI368l6sd6tj+nogpXv7KE/sD5/AHnal8o=</latexit>

hN̄Ni = nN

<latexit sha1_base64="7J1Wi4VHRM6J7GQ/QECXAIx/rQk=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdSMU3bisYB/QhDCZ3rRDJ5MwMxFK6NKNv+LGhSJu/QR3/o3TNgttPZcLh3PuZeaeMOVMacf5tpaWV1bX1ksb5c2t7Z1de2+/pZJMUmjShCeyExIFnAloaqY5dFIJJA45tMPhzcRvP4BULBH3epSCH5O+YBGjRBspsI88TkSfA/ZCIjGY8uRMuMJYBBDYFafqTIEXiVuQCirQCOwvr5fQLAahKSdKdV0n1X5OpGaUw7jsZQpSQoekD11DBYlB+fn0kDE+MUoPR4k0LTSeqr83chIrNYpDMxkTPVDz3kT8z+tmOrr0cybSTIOgs4eijGOd4EkquMckUM1HhhAqmfkrpgMiCdUmu7IJwZ0/eZG0zqpurVq7O6/Ur4s4SugQHaNT5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz9Empg6</latexit>

hēei = ne

<latexit sha1_base64="uOZv8tSjKiaDJdd5NhLIda58yRo=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpvhYuim5cSQXbCk0tk+lNO3QyCTOTQgnBjb/ixoUibv0Kd/6N08dCWw9cOJxzL/fe48ecKe0431ZuYXFpeSW/Wlhb39jcsrd36ipKJIUajXgk732igDMBNc00h/tYAgl9Dg2/fzXyGwOQikXiTg9jaIWkK1jAKNFGatt72BsAxf2HMr7AXiAJTUX7JkuDrG0XnZIzBp4n7pQU0RTVtv3ldSKahCA05USppuvEupUSqRnlkBW8REFMaJ90oWmoICGoVjp+IcOHRungIJKmhMZj9fdESkKlhqFvOkOie2rWG4n/ec1EB+etlIk40SDoZFGQcKwjPMoDd5gEqvnQEEIlM7di2iMmB21SK5gQ3NmX50m9XHJPSye3x8XK5TSOPNpHB+gIuegMVdA1qqIaougRPaNX9GY9WS/Wu/Uxac1Z05ld9AfW5w+96pZp</latexit>

~k2 <
nN

f

Damping  can occur when

Number density
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Neutrino and Strong CP

M. Carena, D. L., J. Liu, N. Shah, C.W. Wagner and X.P.  Wang  ‘19
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      Spin-1 resonances: XS
<latexit sha1_base64="mQmBQ+WuFPOAKHUMFMmyu6/8/lU=">AAACD3icbVDJSgNBEO1xN26jHr00BkUQw4y4XYSgF48RskEmhp5OJTb2LHbXiGGYP/Dir3jxoIhXr978GzvLQaMPqni8V0V3PT+WQqPjfFkTk1PTM7Nz87mFxaXlFXt1raqjRHGo8EhGqu4zDVKEUEGBEuqxAhb4Emr+zXnfr92B0iIKy9iLoRmwbig6gjM0Usve9vStwlRnrdQLkqtd2u97GT2lrkM9hHtMy1DNWnbeKTgD0L/EHZE8GaHUsj+9dsSTAELkkmndcJ0YmylTKLiELOclGmLGb1gXGoaGLADdTAf3ZHTLKG3aiZSpEOlA/bmRskDrXuCbyYDhtR73+uJ/XiPBzkkzFWGcIIR8+FAnkRQj2g+HtoUCjrJnCONKmL9Sfs0U42gizJkQ3PGT/5LqfsE9KhxeHuSLZ6M45sgG2SQ7xCXHpEguSIlUCCcP5Im8kFfr0Xq23qz34eiENdpZJ79gfXwD5e6b7w==</latexit>p
sµ+µ� = 10TeV

<latexit sha1_base64="JqICgO6elY3OazUnOal0qG7ciLs=">AAACAXicbVC7SgNBFJ2NrxhfqzaCzWAQLDTsiq9GCNpYWEQwD8iuYXYySYbMPpi5K4ZlbfwVGwtFbP0LO//GSbKFJh64cDjnXu69x4sEV2BZ30ZuZnZufiG/WFhaXlldM9c3aiqMJWVVGopQNjyimOABqwIHwRqRZMT3BKt7/cuhX79nUvEwuIVBxFyfdAPe4ZSAllrm1jU+x7aFnX3sAHuAhHjpXXJgpy2zaJWsEfA0sTNSRBkqLfPLaYc09lkAVBClmrYVgZsQCZwKlhacWLGI0D7psqamAfGZcpPRByne1Uobd0KpKwA8Un9PJMRXauB7utMn0FOT3lD8z2vG0DlzEx5EMbCAjhd1YoEhxMM4cJtLRkEMNCFUcn0rpj0iCQUdWkGHYE++PE1qhyX7pHR8c1QsX2Rx5NE22kF7yEanqIyuUAVVEUWP6Bm9ojfjyXgx3o2PcWvOyGY20R8Ynz+q95Un</latexit>

L = 10 ab�1

<latexit sha1_base64="5nVg9Zw09KUQ4Z9O5z2hfW9wNA8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYk4mtZdONKK9gHNKFMppN26MwkzEyEErLxV9y4UMStn+HOv3HSZqGtBy4czrmXe+8JYkaVdpxva2FxaXlltbRWXt/Y3Nq2d3ZbKkokJk0csUh2AqQIo4I0NdWMdGJJEA8YaQej69xvPxKpaCQe9DgmPkcDQUOKkTZSz96/hZ6iHHoc6SFGLL3Lqq7jHPfsilNzJoDzxC1IBRRo9Owvrx/hhBOhMUNKdV0n1n6KpKaYkazsJYrECI/QgHQNFYgT5aeTBzJ4ZJQ+DCNpSmg4UX9PpIgrNeaB6czvVLNeLv7ndRMdXvopFXGiicDTRWHCoI5gngbsU0mwZmNDEJbU3ArxEEmEtcmsbEJwZ1+eJ62TmnteO7s/rdSvijhK4AAcgipwwQWogxvQAE2AQQaewSt4s56sF+vd+pi2LljFzB74A+vzB6vClS0=</latexit>

N ⇠ O(100)

D. L., L.T.  Wang and K. P.  Xie, ’23 
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        Top partners: Pair production XS
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        Top partners: Single production
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⇠ = 0.015, f = 2 TeV
<latexit sha1_base64="Tp2j6u3P7cgnDtKvYkED1rut1lg=">AAACCHicbZC7SgNBFIZn4y3G26qlhYNBsJCwGxVtBNHGUsFcIBvC7ORsMmT2wsxZSVhS2vgqNhaK2PoIdr6Nk5hCEw8MfPz/OZw5v59IodFxvqzc3PzC4lJ+ubCyura+YW9uVXWcKg4VHstY1X2mQYoIKihQQj1RwEJfQs3vXY382j0oLeLoDgcJNEPWiUQgOEMjtexdry/oOXVKjntySAODZepRD6GP2R1Uhy27aLxx0VlwJ1Akk7pp2Z9eO+ZpCBFyybRuuE6CzYwpFFzCsOClGhLGe6wDDYMRC0E3s/EhQ7pvlDYNYmVehHSs/p7IWKj1IPRNZ8iwq6e9kfif10gxOGtmIkpShIj/LApSSTGmo1RoWyjgKAcGGFfC/JXyLlOMo8muYEJwp0+ehWq55B6VyrfHxYvLSRx5skP2yAFxySm5INfkhlQIJw/kibyQV+vRerberPef1pw1mdkmf8r6+AbXU5a4</latexit>
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<latexit sha1_base64="wJARBh7zObMo+pUrk5QgZFHqyWE=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRahbsqMSHUjFN240gr2Ae1QMmnahmYyQ5IR6lD8FTcuFHHrf7jzb8y0s9DWA4HDOfdyT44fcaa043xbC4tLyyurubX8+sbm1ra9s1tXYSwJrZGQh7LpY0U5E7Smmea0GUmKA5/Thj+8Sv3GA5WKheJejyLqBbgvWI8RrI3Usfdv0AVqB1gPCObJ7bjoOs5xxy44JWcCNE/cjBQgQ7Vjf7W7IYkDKjThWKmW60TaS7DUjHA6zrdjRSNMhrhPW4YKHFDlJZP0Y3RklC7qhdI8odFE/b2R4ECpUeCbyTSnmvVS8T+vFeveuZcwEcWaCjI91Is50iFKq0BdJinRfGQIJpKZrIgMsMREm8LypgR39svzpH5Scsul8t1poXKZ1ZGDAziEIrhwBhW4hirUgMAjPMMrvFlP1ov1bn1MRxesbGcP/sD6/AH/MZOo</latexit>

N = O(100)



        Top partners: VBF Production XS

86

�� = ��
�� ������� �� ��

��/��μ-νμ [���]

��/���-

� � � � ����-�

��-�

��-�

��-�

���

���

�Ψ [���]

��
��
��
��
���
�
[��

]

⇠ = 0.015, f = 2 TeV
<latexit sha1_base64="Tp2j6u3P7cgnDtKvYkED1rut1lg=">AAACCHicbZC7SgNBFIZn4y3G26qlhYNBsJCwGxVtBNHGUsFcIBvC7ORsMmT2wsxZSVhS2vgqNhaK2PoIdr6Nk5hCEw8MfPz/OZw5v59IodFxvqzc3PzC4lJ+ubCyura+YW9uVXWcKg4VHstY1X2mQYoIKihQQj1RwEJfQs3vXY382j0oLeLoDgcJNEPWiUQgOEMjtexdry/oOXVKjntySAODZepRD6GP2R1Uhy27aLxx0VlwJ1Akk7pp2Z9eO+ZpCBFyybRuuE6CzYwpFFzCsOClGhLGe6wDDYMRC0E3s/EhQ7pvlDYNYmVehHSs/p7IWKj1IPRNZ8iwq6e9kfif10gxOGtmIkpShIj/LApSSTGmo1RoWyjgKAcGGFfC/JXyLlOMo8muYEJwp0+ehWq55B6VyrfHxYvLSRx5skP2yAFxySm5INfkhlQIJw/kibyQV+vRerberPef1pw1mdkmf8r6+AbXU5a4</latexit>



           Prediction from Higgs non-linearity
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           Prediction from Higgs non-linearity
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        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>



        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



        Result Summary
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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>
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<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>

c0
H

= 2c2
H

<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>
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