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What symmetry can tell us about 
the composite Higgs Models?




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
Contino, Nomura and Pomarol
Agashe, Contino and Pomarol 

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>

Non-linearly realized symmetry




 ⇢
yf , g, g

0

q, `,W,B

Elementary Strong

Partial Compositeness

Kaplan, Georgi & Dimopoulos
Contino, Nomura and Pomarol
Agashe, Contino and Pomarol 

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>



Direct Signatures



⇥
g/g⇢

g⇢

q

⇢

Dibosons provide the smoking gun!

 Pappadopulo,  Thamm, Torre and Wulzer 12’

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

 

  Simone, Matsedonskyi, Rattazzi and Wulzer 12’

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!

 

  Simone, Matsedonskyi, Rattazzi and Wulzer 12’

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>



           Cascade decays

 

⇢g⇢

Have kinematical advantage!

D. Greco and DL ‘14

 

yL,R

g 
qL, tR



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

50% enhancement

Effects on BR

cascade decays



Indirect Signatures



mh ⇠ 125GeV

Indirect Signatures

mZ ⇠ 90GeV  LEP I

⇤UV ⇠ 1018GeV

⇤IR & 103GeV

HL-LHC

LHC, Higgs factories



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>

 Not realized in composite Higgs models!



yf , g, g
0

Elementary Strong

         Strong multipole interactions

q, `

- New power-counting rules

W a
µ⌫ , Bµ⌫ : g⇤

DL, 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>



Gauge interactions as deformation

DL, A. Pomarol, R. Rattazzi & F. Riva 16 

Inonu-Wigner Contraction

SU(2)global ⇥ U(1)3local
<latexit sha1_base64="StF5X3eFJbL4BNdUA2fZuwsbAaY=">AAACDHicbVDLTgIxFO3gC/GFunTTSExwQ2bARJdENy4xOkACI+mUDjR0ppP2jgmZ8AFu/BU3LjTGrR/gzr+xwCwUPEmTk3POze09fiy4Btv+tnIrq2vrG/nNwtb2zu5ecf+gqWWiKHOpFFK1faKZ4BFzgYNg7VgxEvqCtfzR1dRvPTCluYzuYBwzLySDiAecEjBSr1i6dcvV0146ENInYtIFHjKN3bJjNCGpke5rJmVX7BnwMnEyUkIZGr3iV7cvaRKyCKggWnccOwYvJQo4FWxS6CaaxYSOyIB1DI2I2emls2Mm+MQofRxIZV4EeKb+nkhJqPU49E0yJDDUi95U/M/rJBBceCmP4gRYROeLgkRgkHjaDO5zxSiIsSGEKm7+iumQKELB9FcwJTiLJy+TZrXi1CrVm7NS/TKrI4+O0DEqIwedozq6Rg3kIooe0TN6RW/Wk/VivVsf82jOymYO0R9Ynz8f6Zpo</latexit>

SU(2)gauge
<latexit sha1_base64="mTkwriQKa5yXILq8rEoBdpDYnug=">AAAB9HicbVBNT8JAEN3iF+IX6tHLRmKCF9KiiR6JXjxitEACDdku07Jhu627WxLS8Du8eNAYr/4Yb/4bF+hBwZdM8vLeTGbm+QlnStv2t1VYW9/Y3Cpul3Z29/YPyodHLRWnkoJLYx7Ljk8UcCbA1Uxz6CQSSORzaPuj25nfHoNULBaPepKAF5FQsIBRoo3kPbjV+nk/C0kawrRfrtg1ew68SpycVFCOZr/81RvENI1AaMqJUl3HTrSXEakZ5TAt9VIFCaEjEkLXUEEiUF42P3qKz4wywEEsTQmN5+rviYxESk0i33RGRA/VsjcT//O6qQ6uvYyJJNUg6GJRkHKsYzxLAA+YBKr5xBBCJTO3YjokklBtciqZEJzll1dJq15zLmr1+8tK4yaPo4hO0CmqIgddoQa6Q03kIoqe0DN6RW/W2Hqx3q2PRWvBymeO0R9Ynz/nuJGL</latexit>

g
<latexit sha1_base64="op9YQdDvwJgXXtxm6zU1a2faInk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fzcOM7w==</latexit>
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HL-LHC Reach

 LEP S-parameter

LHC di-boson

m⇤[TeV]
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DL and L.T. Wang  ‘18 dilepton: M. Farina et al  16’see also R. Franceschini et al 17’
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Beyond the LHC
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           Prediction from Higgs non-linearity

SMEFT Non-linearity
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           Predictions from Higgs non-linearity
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                 Conclusion

- Symmetry can tell us a lot about composite Higgs 
models.


- New symmetries lead to new power-counting 
rule.
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             Partial compositeness: AdS
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