
The Present and Future of Four Top Operators

TOBIAS THEIL

Planck 2022

Parallel session 3

based on 2010.05915 with G.Banelli, E.Salvioni, J. Serra and A. Weiler

June 2, 2022



Top quark compositeness
2



Top quark compositeness

Top quark as the heaviest fermion in the SM ,
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Top quark compositeness

Top quark as the heaviest fermion in the SM ,

As far as we know, the top is elementary, compare e.g. to the proton
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We have not seen any new degrees of freedom around the top mass

<latexit sha1_base64="Dei2lb4xyG8+pq3C+687i29r0vs=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZTEB3VZdKHLCvYBTQiT6aQdOpMMMxOxhG7c+CtuXCji1n9w5984bbPQ1gMXDufcy733hIJRpR3n2yosLC4trxRXS2vrG5tb9vZOUyWpxKSBE5bIdogUYTQmDU01I20hCeIhI61wcDX2W/dEKprEd3ooiM9RL6YRxUgbKbD3eaChh4SQyQN0q6fQO4aZJzm8Js1RYJedijMBnCduTsogRz2wv7xuglNOYo0ZUqrjOkL7GZKaYkZGJS9VRCA8QD3SMTRGnCg/m3wxgodG6cIokaZiDSfq74kMcaWGPDSdHOm+mvXG4n9eJ9XRhZ/RWKSaxHi6KEoZ1AkcRwK7VBKs2dAQhCU1t0LcRxJhbYIrmRDc2ZfnSfOk4p5XnNuzcu0yj6MI9sABOAIuqIIauAF10AAYPIJn8ArerCfrxXq3PqatBSuf2QV/YH3+APsklvU=</latexit>

mt ⇡ 173GeV
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(Chiral) Top compositeness
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(Chiral) Top compositeness

๏ SM fermions (including the top) are chiral fermions,      L,  R
<latexit sha1_base64="trUgvbax7fXzCz8QoL2xwDg3qFM=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCglqYK6K7hx4aKKvUATwmQ6aYdOLsxMCiX0Tdy4UMStb+LOt3GaZqGtPwx8/OcczpnfTziTyrK+jdLa+sbmVnm7srO7t39gHh51ZJwKQtsk5rHo+VhSziLaVkxx2ksExaHPadcf387r3QkVksXRk5om1A3xMGIBI1hpyzNNJ5HMu685NZTTo2dWrbqVC62CXUAVCrU888sZxCQNaaQIx1L2bStRboaFYoTTWcVJJU0wGeMh7WuMcEilm+WXz9CZdgYoiIV+kUK5+3siw6GU09DXnSFWI7lcm5v/1fqpCq7djEVJqmhEFouClCMVo3kMaMAEJYpPNWAimL4VkREWmCgdVkWHYC9/eRU6jbp9UW88XFabN0UcZTiBUzgHG66gCXfQgjYQmMAzvMKbkRkvxrvxsWgtGcXMMfyR8fkDUWOSxg==</latexit>

3



(Chiral) Top compositeness

๏ SM fermions (including the top) are chiral fermions,      L,  R
<latexit sha1_base64="trUgvbax7fXzCz8QoL2xwDg3qFM=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCglqYK6K7hx4aKKvUATwmQ6aYdOLsxMCiX0Tdy4UMStb+LOt3GaZqGtPwx8/OcczpnfTziTyrK+jdLa+sbmVnm7srO7t39gHh51ZJwKQtsk5rHo+VhSziLaVkxx2ksExaHPadcf387r3QkVksXRk5om1A3xMGIBI1hpyzNNJ5HMu685NZTTo2dWrbqVC62CXUAVCrU888sZxCQNaaQIx1L2bStRboaFYoTTWcVJJU0wGeMh7WuMcEilm+WXz9CZdgYoiIV+kUK5+3siw6GU09DXnSFWI7lcm5v/1fqpCq7djEVJqmhEFouClCMVo3kMaMAEJYpPNWAimL4VkREWmCgdVkWHYC9/eRU6jbp9UW88XFabN0UcZTiBUzgHG66gCXfQgjYQmMAzvMKbkRkvxrvxsWgtGcXMMfyR8fkDUWOSxg==</latexit>

๏ Each chirality can have its own degree of compositeness

<latexit sha1_base64="PTueHpfBGF4t3T3U0nuOuQZdzLU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMgHsKuKHoMevEYwZjAZllmJ7PJkHksM71CCPkMLx4U8erXePNvnCR70MSChqKqm+6uJBPcgu9/e6WV1bX1jfJmZWt7Z3evun/waHVuKGtRLbTpJMQywRVrAQfBOplhRCaCtZPh7dRvPzFjuVYPMMpYJElf8ZRTAk4KZQy4KwSW8Vlcrfl1fwa8TIKC1FCBZlz96vY0zSVTQAWxNgz8DKIxMcCpYJNKN7csI3RI+ix0VBHJbDSenTzBJ07p4VQbVwrwTP09MSbS2pFMXKckMLCL3lT8zwtzSK+jMVdZDkzR+aI0Fxg0nv6Pe9wwCmLkCKGGu1sxHRBDKLiUKi6EYPHlZfJ4Xg8u6/79Ra1xU8RRRkfoGJ2iAF2hBrpDTdRCFGn0jF7Rmwfei/fufcxbS14xc4j+wPv8AUSkkJY=</latexit>

mt ⌧ m⇤

3



(Chiral) Top compositeness

๏ SM fermions (including the top) are chiral fermions,      L,  R
<latexit sha1_base64="trUgvbax7fXzCz8QoL2xwDg3qFM=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCglqYK6K7hx4aKKvUATwmQ6aYdOLsxMCiX0Tdy4UMStb+LOt3GaZqGtPwx8/OcczpnfTziTyrK+jdLa+sbmVnm7srO7t39gHh51ZJwKQtsk5rHo+VhSziLaVkxx2ksExaHPadcf387r3QkVksXRk5om1A3xMGIBI1hpyzNNJ5HMu685NZTTo2dWrbqVC62CXUAVCrU888sZxCQNaaQIx1L2bStRboaFYoTTWcVJJU0wGeMh7WuMcEilm+WXz9CZdgYoiIV+kUK5+3siw6GU09DXnSFWI7lcm5v/1fqpCq7djEVJqmhEFouClCMVo3kMaMAEJYpPNWAimL4VkREWmCgdVkWHYC9/eRU6jbp9UW88XFabN0UcZTiBUzgHG66gCXfQgjYQmMAzvMKbkRkvxrvxsWgtGcXMMfyR8fkDUWOSxg==</latexit>

๏ Each chirality can have its own degree of compositeness

<latexit sha1_base64="PTueHpfBGF4t3T3U0nuOuQZdzLU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMgHsKuKHoMevEYwZjAZllmJ7PJkHksM71CCPkMLx4U8erXePNvnCR70MSChqKqm+6uJBPcgu9/e6WV1bX1jfJmZWt7Z3evun/waHVuKGtRLbTpJMQywRVrAQfBOplhRCaCtZPh7dRvPzFjuVYPMMpYJElf8ZRTAk4KZQy4KwSW8Vlcrfl1fwa8TIKC1FCBZlz96vY0zSVTQAWxNgz8DKIxMcCpYJNKN7csI3RI+ix0VBHJbDSenTzBJ07p4VQbVwrwTP09MSbS2pFMXKckMLCL3lT8zwtzSK+jMVdZDkzR+aI0Fxg0nv6Pe9wwCmLkCKGGu1sxHRBDKLiUKi6EYPHlZfJ4Xg8u6/79Ra1xU8RRRkfoGJ2iAF2hBrpDTdRCFGn0jF7Rmwfei/fufcxbS14xc4j+wPv8AUSkkJY=</latexit>

mt ⌧ m⇤

Serious idea or academic exercise?
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(Chiral) Top compositeness

๏ SM fermions (including the top) are chiral fermions,      L,  R
<latexit sha1_base64="trUgvbax7fXzCz8QoL2xwDg3qFM=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCglqYK6K7hx4aKKvUATwmQ6aYdOLsxMCiX0Tdy4UMStb+LOt3GaZqGtPwx8/OcczpnfTziTyrK+jdLa+sbmVnm7srO7t39gHh51ZJwKQtsk5rHo+VhSziLaVkxx2ksExaHPadcf387r3QkVksXRk5om1A3xMGIBI1hpyzNNJ5HMu685NZTTo2dWrbqVC62CXUAVCrU888sZxCQNaaQIx1L2bStRboaFYoTTWcVJJU0wGeMh7WuMcEilm+WXz9CZdgYoiIV+kUK5+3siw6GU09DXnSFWI7lcm5v/1fqpCq7djEVJqmhEFouClCMVo3kMaMAEJYpPNWAimL4VkREWmCgdVkWHYC9/eRU6jbp9UW88XFabN0UcZTiBUzgHG66gCXfQgjYQmMAzvMKbkRkvxrvxsWgtGcXMMfyR8fkDUWOSxg==</latexit>

๏ Each chirality can have its own degree of compositeness

<latexit sha1_base64="PTueHpfBGF4t3T3U0nuOuQZdzLU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMgHsKuKHoMevEYwZjAZllmJ7PJkHksM71CCPkMLx4U8erXePNvnCR70MSChqKqm+6uJBPcgu9/e6WV1bX1jfJmZWt7Z3evun/waHVuKGtRLbTpJMQywRVrAQfBOplhRCaCtZPh7dRvPzFjuVYPMMpYJElf8ZRTAk4KZQy4KwSW8Vlcrfl1fwa8TIKC1FCBZlz96vY0zSVTQAWxNgz8DKIxMcCpYJNKN7csI3RI+ix0VBHJbDSenTzBJ07p4VQbVwrwTP09MSbS2pFMXKckMLCL3lT8zwtzSK+jMVdZDkzR+aI0Fxg0nv6Pe9wwCmLkCKGGu1sxHRBDKLiUKi6EYPHlZfJ4Xg8u6/79Ra1xU8RRRkfoGJ2iAF2hBrpDTdRCFGn0jF7Rmwfei/fufcxbS14xc4j+wPv8AUSkkJY=</latexit>

mt ⌧ m⇤

Serious idea or academic exercise?

• Possible connection to the electroweak scale and its hierarchy problem

• Composite Higgs models can naturally give rise to chiral compositeness

3



Higgs compositeness and the top
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Higgs compositeness and the top

The Higgs field arises from the breaking of a new global symmetry.

4
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Higgs compositeness and the top

The Higgs field arises from the breaking of a new global symmetry.

Like for the pions in QCD, this generates a hierarchy of scales mH ⌧ m⇤
<latexit sha1_base64="ffCAraQEikra8QsFdTM0wRFg2vE=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexWQb0VvPRYwX5Auy7ZNNuGJtklmVXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhYngBlz32ymsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLW3ZAYJrhiLeAgWDfRjMhQsE44vp35nUemDY/VPUwS5ksyVDzilICVHmTQwH0hsAz6xEBQrrhVdw68SrycVFCOZlD+6g9imkqmgApiTM9zE/AzooFTwaalfmpYQuiYDFnPUkUkM342v3qKz6wywFGsbSnAc/X3REakMRMZ2k5JYGSWvZn4n9dLIbr2M66SFJiii0VRKjDEeBYBHnDNKIiJJYRqbm/FdEQ0oWCDKtkQvOWXV0m7VvUuqrW7y0r9Jo+jiE7QKTpHHrpCddRATdRCFGn0jF7Rm/PkvDjvzseiteDkM8foD5zPH7YUkfk=</latexit>

Explicit breaking by couplings to the elementary sector

4
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Higgs compositeness and the top

The Higgs field arises from the breaking of a new global symmetry.

Like for the pions in QCD, this generates a hierarchy of scales mH ⌧ m⇤
<latexit sha1_base64="ffCAraQEikra8QsFdTM0wRFg2vE=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexWQb0VvPRYwX5Auy7ZNNuGJtklmVXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhYngBlz32ymsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLW3ZAYJrhiLeAgWDfRjMhQsE44vp35nUemDY/VPUwS5ksyVDzilICVHmTQwH0hsAz6xEBQrrhVdw68SrycVFCOZlD+6g9imkqmgApiTM9zE/AzooFTwaalfmpYQuiYDFnPUkUkM342v3qKz6wywFGsbSnAc/X3REakMRMZ2k5JYGSWvZn4n9dLIbr2M66SFJiii0VRKjDEeBYBHnDNKIiJJYRqbm/FdEQ0oWCDKtkQvOWXV0m7VvUuqrW7y0r9Jo+jiE7QKTpHHrpCddRATdRCFGn0jF7Rm/PkvDjvzseiteDkM8foD5zPH7YUkfk=</latexit>

Explicit breaking by couplings to the elementary sector

Couplings of fermions must reproduce known Yukawas

H
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="kDLewBLHBslQCTBi0+YqVMwzeyM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD9i775UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE47o3B</latexit>

tR

<latexit sha1_base64="zOkALuObOnGNOvetnKEeM4mzXlE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ER0XxAcoS9zVyyZG/v3N0TwpGfYGOhiK2/yM5/4ya5QqMPBh7vzTAzL0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDX1W4+oNI/lvRkn6Ed0IHnIGTVWunvo3fTKFbfqzkD+Ei8nFchR75U/u/2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NTp2QI6v0SRgrW9KQmfpzIqOR1uMosJ0RNUO96E3F/7xOasILP+MySQ1KNl8UpoKYmEz/Jn2ukBkxtoQyxe2thA2poszYdEo2BG/x5b+keVL1zqru7WmldpnHUYQDOIRj8OAcanANdWgAgwE8wQu8OsJ5dt6c93lrwcln9uEXnI9vK0SNuA==</latexit>qL

yt ⇠ g⇤�L�R
<latexit sha1_base64="STca0BzGdWVamIMzNeY85uZifdk=">AAACCXicdVC7SgNBFJ2NrxhfUUubwSBYLbNJTEwXsLGwiGIekA3L7GSSDJl9MHNXCCGtjb9iY6GIrX9g5984eYGKHhg4nHMPd+7xYyk0EPJppVZW19Y30puZre2d3b3s/kFDR4livM4iGamWTzWXIuR1ECB5K1acBr7kTX94MfWbd1xpEYW3MIp5J6D9UPQEo2AkL4tHHrhaBLjvuVSDK020S72rJbnxsjlik0qlclbExHZIoVR2ZoTkyyXs2GSGHFqg5mU/3G7EkoCHwCTVuu2QGDpjqkAwyScZN9E8pmxI+7xtaEgDrjvj2SUTfGKULu5FyrwQ8Ez9nhjTQOtR4JvJgMJA//am4l9eO4HeeWcswjgBHrL5ol4iMUR4WgvuCsUZyJEhlClh/orZgCrKwJSXMSUsL8X/k0bedgp2/rqYq1YWdaTRETpGp8hBZVRFl6iG6oihe/SIntGL9WA9Wa/W23w0ZS0yh+gHrPcv92yafQ==</latexit>

g⇤
<latexit sha1_base64="PibGX/HgDzHwwNBLT8Jkqp8hH/M=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6atrd0V3bisYB/QDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MpxVU9MCFwzn3cu89QcyZNgh9OCura+sbm7mt/PbO7t5+4eCwrWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMruZ+554qzaS4NdOY+hEeCRYygo2V2qNBH2szKBSRi+r1+nkFItdD5WrNywgq1arQc1GGIliiOSi894eSJBEVhnCsdc9DsfFTrAwjnM7y/UTTGJMJHtGepQJHVPtpdu0MnlplCEOpbAkDM/X7RIojradRYDsjbMb6tzcX//J6iQkv/JSJODFUkMWiMOHQSDh/HQ6ZosTwqSWYKGZvhWSMFSbGBpS3IXx9Cv8n7ZLrld3STaXYuFzGkQPH4AScAQ/UQANcgyZoAQLuwAN4As+OdB6dF+d10briLGeOwA84b5/+to9q</latexit>

�L
<latexit sha1_base64="X8MWfIjp4kR77Qe/scwjWBzTJJ0=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjJtbe2u6MaFiwr2Ie1QMplMG5rJDElGKEO/wo0LRdz6Oe78G9NpBRU9EDiccy6593gxZ0oj9GHlVlbX1jfym4Wt7Z3dveL+QUdFiSS0TSIeyZ6HFeVM0LZmmtNeLCkOPU673uRy7nfvqVQsErd6GlM3xCPBAkawNtLdgJuoj4fXw2IJ2ajRaJxVIbIdVKnVnYygcr0GHRtlKIElWsPi+8CPSBJSoQnHSvUdFGs3xVIzwumsMEgUjTGZ4BHtGypwSJWbZgvP4IlRfBhE0jyhYaZ+n0hxqNQ09EwyxHqsfntz8S+vn+jg3E2ZiBNNBVl8FCQc6gjOr4c+k5RoPjUEE8nMrpCMscREm44KpoSvS+H/pFO2nYpdvqmWmhfLOvLgCByDU+CAOmiCK9ACbUBACB7AE3i2pPVovVivi2jOWs4cgh+w3j4B9uSQhg==</latexit>

�R
<latexit sha1_base64="oJ2wxWV6IiSdrbER7wW9mrIIVm0=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjJtbe2u6MZlFfuQdiiZTKYNzWSGJCOUoV/hxoUibv0cd/6N6bSCih4IHM45l9x7vJgzpRH6sHIrq2vrG/nNwtb2zu5ecf+go6JEEtomEY9kz8OKciZoWzPNaS+WFIcep11vcjn3u/dUKhaJWz2NqRvikWABI1gb6W7ATdTHw5thsYRs1Gg0zqoQ2Q6q1OpORlC5XoOOjTKUwBKtYfF94EckCanQhGOl+g6KtZtiqRnhdFYYJIrGmEzwiPYNFTikyk2zhWfwxCg+DCJpntAwU79PpDhUahp6JhliPVa/vbn4l9dPdHDupkzEiaaCLD4KEg51BOfXQ59JSjSfGoKJZGZXSMZYYqJNRwVTwtel8H/SKdtOxS5fV0vNi2UdeXAEjsEpcEAdNMEVaIE2ICAED+AJPFvSerRerNdFNGctZw7BD1hvnwALkIw=</latexit>
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Higgs compositeness and the top

The Higgs field arises from the breaking of a new global symmetry.

Like for the pions in QCD, this generates a hierarchy of scales mH ⌧ m⇤
<latexit sha1_base64="ffCAraQEikra8QsFdTM0wRFg2vE=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexWQb0VvPRYwX5Auy7ZNNuGJtklmVXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhYngBlz32ymsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLW3ZAYJrhiLeAgWDfRjMhQsE44vp35nUemDY/VPUwS5ksyVDzilICVHmTQwH0hsAz6xEBQrrhVdw68SrycVFCOZlD+6g9imkqmgApiTM9zE/AzooFTwaalfmpYQuiYDFnPUkUkM342v3qKz6wywFGsbSnAc/X3REakMRMZ2k5JYGSWvZn4n9dLIbr2M66SFJiii0VRKjDEeBYBHnDNKIiJJYRqbm/FdEQ0oWCDKtkQvOWXV0m7VvUuqrW7y0r9Jo+jiE7QKTpHHrpCddRATdRCFGn0jF7Rm/PkvDjvzseiteDkM8foD5zPH7YUkfk=</latexit>

Explicit breaking by couplings to the elementary sector

Couplings of fermions must reproduce known Yukawas

H
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="kDLewBLHBslQCTBi0+YqVMwzeyM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD9i775UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE47o3B</latexit>

tR

<latexit sha1_base64="zOkALuObOnGNOvetnKEeM4mzXlE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ER0XxAcoS9zVyyZG/v3N0TwpGfYGOhiK2/yM5/4ya5QqMPBh7vzTAzL0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDX1W4+oNI/lvRkn6Ed0IHnIGTVWunvo3fTKFbfqzkD+Ei8nFchR75U/u/2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NTp2QI6v0SRgrW9KQmfpzIqOR1uMosJ0RNUO96E3F/7xOasILP+MySQ1KNl8UpoKYmEz/Jn2ukBkxtoQyxe2thA2poszYdEo2BG/x5b+keVL1zqru7WmldpnHUYQDOIRj8OAcanANdWgAgwE8wQu8OsJ5dt6c93lrwcln9uEXnI9vK0SNuA==</latexit>qL

yt ⇠ g⇤�L�R
<latexit sha1_base64="STca0BzGdWVamIMzNeY85uZifdk=">AAACCXicdVC7SgNBFJ2NrxhfUUubwSBYLbNJTEwXsLGwiGIekA3L7GSSDJl9MHNXCCGtjb9iY6GIrX9g5984eYGKHhg4nHMPd+7xYyk0EPJppVZW19Y30puZre2d3b3s/kFDR4livM4iGamWTzWXIuR1ECB5K1acBr7kTX94MfWbd1xpEYW3MIp5J6D9UPQEo2AkL4tHHrhaBLjvuVSDK020S72rJbnxsjlik0qlclbExHZIoVR2ZoTkyyXs2GSGHFqg5mU/3G7EkoCHwCTVuu2QGDpjqkAwyScZN9E8pmxI+7xtaEgDrjvj2SUTfGKULu5FyrwQ8Ez9nhjTQOtR4JvJgMJA//am4l9eO4HeeWcswjgBHrL5ol4iMUR4WgvuCsUZyJEhlClh/orZgCrKwJSXMSUsL8X/k0bedgp2/rqYq1YWdaTRETpGp8hBZVRFl6iG6oihe/SIntGL9WA9Wa/W23w0ZS0yh+gHrPcv92yafQ==</latexit>

g⇤
<latexit sha1_base64="PibGX/HgDzHwwNBLT8Jkqp8hH/M=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6atrd0V3bisYB/QDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MpxVU9MCFwzn3cu89QcyZNgh9OCura+sbm7mt/PbO7t5+4eCwrWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMruZ+554qzaS4NdOY+hEeCRYygo2V2qNBH2szKBSRi+r1+nkFItdD5WrNywgq1arQc1GGIliiOSi894eSJBEVhnCsdc9DsfFTrAwjnM7y/UTTGJMJHtGepQJHVPtpdu0MnlplCEOpbAkDM/X7RIojradRYDsjbMb6tzcX//J6iQkv/JSJODFUkMWiMOHQSDh/HQ6ZosTwqSWYKGZvhWSMFSbGBpS3IXx9Cv8n7ZLrld3STaXYuFzGkQPH4AScAQ/UQANcgyZoAQLuwAN4As+OdB6dF+d10briLGeOwA84b5/+to9q</latexit>

�L
<latexit sha1_base64="X8MWfIjp4kR77Qe/scwjWBzTJJ0=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjJtbe2u6MaFiwr2Ie1QMplMG5rJDElGKEO/wo0LRdz6Oe78G9NpBRU9EDiccy6593gxZ0oj9GHlVlbX1jfym4Wt7Z3dveL+QUdFiSS0TSIeyZ6HFeVM0LZmmtNeLCkOPU673uRy7nfvqVQsErd6GlM3xCPBAkawNtLdgJuoj4fXw2IJ2ajRaJxVIbIdVKnVnYygcr0GHRtlKIElWsPi+8CPSBJSoQnHSvUdFGs3xVIzwumsMEgUjTGZ4BHtGypwSJWbZgvP4IlRfBhE0jyhYaZ+n0hxqNQ09EwyxHqsfntz8S+vn+jg3E2ZiBNNBVl8FCQc6gjOr4c+k5RoPjUEE8nMrpCMscREm44KpoSvS+H/pFO2nYpdvqmWmhfLOvLgCByDU+CAOmiCK9ACbUBACB7AE3i2pPVovVivi2jOWs4cgh+w3j4B9uSQhg==</latexit>

�R
<latexit sha1_base64="oJ2wxWV6IiSdrbER7wW9mrIIVm0=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjJtbe2u6MZlFfuQdiiZTKYNzWSGJCOUoV/hxoUibv0cd/6N6bSCih4IHM45l9x7vJgzpRH6sHIrq2vrG/nNwtb2zu5ecf+go6JEEtomEY9kz8OKciZoWzPNaS+WFIcep11vcjn3u/dUKhaJWz2NqRvikWABI1gb6W7ATdTHw5thsYRs1Gg0zqoQ2Q6q1OpORlC5XoOOjTKUwBKtYfF94EckCanQhGOl+g6KtZtiqRnhdFYYJIrGmEzwiPYNFTikyk2zhWfwxCg+DCJpntAwU79PpDhUahp6JhliPVa/vbn4l9dPdHDupkzEiaaCLD4KEg51BOfXQ59JSjSfGoKJZGZXSMZYYqJNRwVTwtel8H/SKdtOxS5fV0vNi2UdeXAEjsEpcEAdNMEVaIE2ICAED+AJPFvSerRerNdFNGctZw7BD1hvnwALkIw=</latexit>

Consider fully composite right-handed top: �R ! 1, �L ! yt/g⇤
<latexit sha1_base64="Ix3TAB6Yyg5QwyVLxX6AoVWOoWc="></latexit>

4

[Kaplan, Georgi ’83]
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5

Parametrize top compositeness with effective operators

<latexit sha1_base64="QiauQIFFpoPwTNifvIlRi8fn/uc="></latexit>c  
m2

⇤
( ̄�µ )

2
<latexit sha1_base64="l56CzftlriPKZYJxpp+hpSNRXt8="></latexit>c D
m2

⇤
 ̄D3

µ�
µ 

[Georgi et al. ’94]

<latexit sha1_base64="2v5PO7VxOo4OvZVfhGoE1a/kkf8=">AAACLnicbZDLSgMxFIYz9VbrbdSlm2ARXJQyUxVdFq3isoK9QKcdMmnahiaZIckIZegTufFVdCGoiFsfw0zbhbYeCPzn+3NIzh9EjCrtOG9WZml5ZXUtu57b2Nza3rF39+oqjCUmNRyyUDYDpAijgtQ01Yw0I0kQDxhpBMOr1G88EKloKO71KCJtjvqC9ihG2iDfvq50TnyPxxB6inJY6ZRgJe0L0CukSsTT3jhGT2gf3vhJigwYT7lv552iMym4KNyZyINZVX37xeuGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUZ+0jBSIE9VOJuuO4ZEhXdgLpTlCwwn9PZEgrtSIB+YmR3qg5r0U/ue1Yt27aCdURLEmAk8f6sUM6hCm2cEulQRrNjICYUnNXyEeIImwNgnnTAju/MqLol4qumdF5+40X76cxZEFB+AQHAMXnIMyuAVVUAMYPIJn8A4+rCfr1fq0vqZXM9ZsZh/8Kev7B4EppTs=</latexit>

D3
µ ⇠ D2Dµ, D⌫DµD

⌫ , gFµ⌫D
⌫



Top compositeness as an EFT

Power counting important to estimate size of different contributions

m4
⇤

g2⇤
O

✓
�L/R

g⇤ L,R

m3/2
⇤

,
g⇤H

m⇤
,
@µ
m⇤

,
gV

m⇤

◆

<latexit sha1_base64="YoUgXKs8rjAD8WGAQuRISkipSuw="></latexit>

5

Parametrize top compositeness with effective operators

<latexit sha1_base64="QiauQIFFpoPwTNifvIlRi8fn/uc="></latexit>c  
m2

⇤
( ̄�µ )

2
<latexit sha1_base64="l56CzftlriPKZYJxpp+hpSNRXt8="></latexit>c D
m2

⇤
 ̄D3

µ�
µ 

[Georgi et al. ’94]

<latexit sha1_base64="2v5PO7VxOo4OvZVfhGoE1a/kkf8=">AAACLnicbZDLSgMxFIYz9VbrbdSlm2ARXJQyUxVdFq3isoK9QKcdMmnahiaZIckIZegTufFVdCGoiFsfw0zbhbYeCPzn+3NIzh9EjCrtOG9WZml5ZXUtu57b2Nza3rF39+oqjCUmNRyyUDYDpAijgtQ01Yw0I0kQDxhpBMOr1G88EKloKO71KCJtjvqC9ihG2iDfvq50TnyPxxB6inJY6ZRgJe0L0CukSsTT3jhGT2gf3vhJigwYT7lv552iMym4KNyZyINZVX37xeuGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUZ+0jBSIE9VOJuuO4ZEhXdgLpTlCwwn9PZEgrtSIB+YmR3qg5r0U/ue1Yt27aCdURLEmAk8f6sUM6hCm2cEulQRrNjICYUnNXyEeIImwNgnnTAju/MqLol4qumdF5+40X76cxZEFB+AQHAMXnIMyuAVVUAMYPIJn8A4+rCfr1fq0vqZXM9ZsZh/8Kev7B4EppTs=</latexit>

D3
µ ⇠ D2Dµ, D⌫DµD

⌫ , gFµ⌫D
⌫



Top compositeness as an EFT

Power counting important to estimate size of different contributions

In the               limit:

ctt
⇤2

(t̄R�µtR)
2

<latexit sha1_base64="6HtEIDD3zeIrhovjou4pa2sE7nE="></latexit>

<latexit sha1_base64="z4qLgAHByoQazPtD5kpmGVWjaJ0=">AAACG3icbVBNS8MwGE7n15xfVY9egkMQD6Mdih6HXrwIE9wHrLWkWbqFJW1JUmGU/g8v/hUvHhTxJHjw35h2PejmC8n78DzvS/I8fsyoVJb1bVSWlldW16rrtY3Nre0dc3evK6NEYNLBEYtE30eSMBqSjqKKkX4sCOI+Iz1/cpXrvQciJI3COzWNicvRKKQBxUhpyjObDkdqjBFLbzIvdWJJYX5l0JGUQycQCKcj7+S+maW8aFB6Zt1qWEXBRWCXoA7KanvmpzOMcMJJqDBDUg5sK1ZuioSimJGs5iSSxAhP0IgMNAwRJ9JNC28ZPNLMEAaR0CdUsGB/b6SISznlvp7Mnch5LSf/0waJCi7clIZxokiIZw8FCYMqgnlQcEgFwYpNNUBYUP1XiMdI56F0nDUdgj1veRF0mw37rGHdntZbl2UcVXAADsExsME5aIFr0AYdgMEjeAav4M14Ml6Md+NjNloxyp198KeMrx/pzqFL</latexit>

M  ⇠ g2⇤
m2

⇤
s

g

g

Figure 1:

1 A

Lh=

∫

d4θ(X†X +
f 2
a

2
R

†
R) +

∫

d2θ(FX + wRR
2) + c.c.

=−F 2 + i∂µG†σ̄µG+
f 2
a

2
(∂µa)

2 +
wR

F 2

[

iG2e−2ia
!a +. . .

]

(1)

1

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

Leading effect for strongly coupled theories g⇤ � 1
<latexit sha1_base64="/oAWdnZ8Oeshu6NT5NL/o1H9LaM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV1FvBi8cK9gOaUDbbTbp0swm7E6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumzTXjLdYKlPdDanhUijeQoGSdzPNaRJK3glHdzO/88S1Eal6xHHGg4TGSkSCUbSSH/d9apD4cUy8fqXq1tw5yCrxClKFAs1+5csfpCxPuEImqTE9z80wmFCNgkk+Lfu54RllIxrznqWKJtwEk/nNU3JulQGJUm1LIZmrvycmNDFmnIS2M6E4NMveTPzP6+UY3QQTobIcuWKLRVEuCaZkFgAZCM0ZyrEllGlhbyVsSDVlaGMq2xC85ZdXSbte8y5r9YerauO2iKMEp3AGF+DBNTTgHprQAgYZPMMrvDm58+K8Ox+L1jWnmDmBP3A+fwD1oJDy</latexit>
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Parametrize top compositeness with effective operators

<latexit sha1_base64="QiauQIFFpoPwTNifvIlRi8fn/uc="></latexit>c  
m2

⇤
( ̄�µ )

2
<latexit sha1_base64="l56CzftlriPKZYJxpp+hpSNRXt8="></latexit>c D
m2

⇤
 ̄D3

µ�
µ 

[Georgi et al. ’94]

<latexit sha1_base64="2v5PO7VxOo4OvZVfhGoE1a/kkf8=">AAACLnicbZDLSgMxFIYz9VbrbdSlm2ARXJQyUxVdFq3isoK9QKcdMmnahiaZIckIZegTufFVdCGoiFsfw0zbhbYeCPzn+3NIzh9EjCrtOG9WZml5ZXUtu57b2Nza3rF39+oqjCUmNRyyUDYDpAijgtQ01Yw0I0kQDxhpBMOr1G88EKloKO71KCJtjvqC9ihG2iDfvq50TnyPxxB6inJY6ZRgJe0L0CukSsTT3jhGT2gf3vhJigwYT7lv552iMym4KNyZyINZVX37xeuGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUZ+0jBSIE9VOJuuO4ZEhXdgLpTlCwwn9PZEgrtSIB+YmR3qg5r0U/ue1Yt27aCdURLEmAk8f6sUM6hCm2cEulQRrNjICYUnNXyEeIImwNgnnTAju/MqLol4qumdF5+40X76cxZEFB+AQHAMXnIMyuAVVUAMYPIJn8A4+rCfr1fq0vqZXM9ZsZh/8Kev7B4EppTs=</latexit>

D3
µ ⇠ D2Dµ, D⌫DµD

⌫ , gFµ⌫D
⌫

�R = 1
<latexit sha1_base64="j2LMoaQ7dQeimWiOwI+t65xtNac=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykwVdCMU3bisYh/QDiWTybShmcyYZApl6He4caGIWz/GnX9j2s5CWw8EDuecy705fiK4No7zjVZW19Y3Ngtbxe2d3b390sFhU8epoqxBYxGrtk80E1yyhuFGsHaiGIl8wVr+8Hbqt0ZMaR7LRzNOmBeRvuQhp8RYyesKGw1I7wFfY7dXKjsVZwa8TNyclCFHvVf66gYxTSMmDRVE647rJMbLiDKcCjYpdlPNEkKHpM86lkoSMe1ls6Mn+NQqAQ5jZZ80eKb+nshIpPU48m0yImagF72p+J/XSU145WVcJqlhks4XhanAJsbTBnDAFaNGjC0hVHF7K6YDogg1tqeiLcFd/PIyaVYr7nmlen9Rrt3kdRTgGE7gDFy4hBrcQR0aQOEJnuEV3tAIvaB39DGPrqB85gj+AH3+AESFkRw=</latexit>



Top compositeness as an EFT

<latexit sha1_base64="l56CzftlriPKZYJxpp+hpSNRXt8="></latexit>c D
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Power counting important to estimate size of different contributions
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Top compositeness as an EFT

<latexit sha1_base64="l56CzftlriPKZYJxpp+hpSNRXt8="></latexit>c D
m2

⇤
 ̄D3

µ�
µ 

Figure 1:

1 A

1

<latexit sha1_base64="DDkZCc9vubSl8HI+G3jhnBtjr6w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisYD+wDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1NaWV1b3yhvVra2d3b3qvsHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hkUucMPQ6qNbfu5kDLxCtIDQo0B9Wv/jAiiaDSEI617nlubPwUK8MIp7NKP9E0xmSCR7RnqcSCaj/Nb52hE6sMURgpW9KgXP09kWKh9VQEtlNgM9aLXib+5/USE177KZNxYqgk80VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2JD8BZfXibt87p3WXfvL2qNmyKOMhzBMZyCB1fQgDtoQgsIjOEZXuHNEc6L8+58zFtLTjFzCH/gfP4AIWyNow==</latexit>

W,Z

Power counting important to estimate size of different contributions
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{g2⇤, y2t }(H†$
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�
<latexit sha1_base64="PjNjOpN8CRfwPx76atMRX8GUECU="></latexit>



Top compositeness as an EFT

<latexit sha1_base64="l56CzftlriPKZYJxpp+hpSNRXt8="></latexit>c D
m2

⇤
 ̄D3

µ�
µ 

<latexit sha1_base64="4ZS8pUTrtZRC6rn4HgOgLEB320s=">AAACIXicbVBNT8JAEN36ifhV9ehlIzGBC2mJRo5ELx4xkY+EApkuW9iw2za7WxNC+Cte/CtePGgMN+OfcSk9KPhOb96bycw8P+ZMacf5sjY2t7Z3dnN7+f2Dw6Nj++S0qaJEEtogEY9k2wdFOQtpQzPNaTuWFITPacsf3y381hOVikXho57EtCtgGLKAEdBG6tvVYa+Ci9jzQeIAe0MQAvqeSExRwsVU9mLFMqe3cNK61LcLTtlJgdeJm5ECylDv23NvEJFE0FATDkp1XCfW3SlIzQins7yXKBoDGcOQdgwNQVDVnaYfzvClUQY4iMyRUahxqv6emIJQaiJ80ylAj9SqtxD/8zqJDqrdKQvjRNOQLBcFCcc6wou48IBJSjSfGAJEMnMrJiOQQLQJNW9CcFdfXifNStm9LjsPV4XabRZHDp2jC1RELrpBNXSP6qiBCHpGr+gdfVgv1pv1ac2XrRtWNnOG/sD6/gEbkKEN</latexit>

g2(f̄�µf)( ̄�
µ )

Figure 1:

1 A

1

<latexit sha1_base64="DDkZCc9vubSl8HI+G3jhnBtjr6w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisYD+wDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1NaWV1b3yhvVra2d3b3qvsHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hkUucMPQ6qNbfu5kDLxCtIDQo0B9Wv/jAiiaDSEI617nlubPwUK8MIp7NKP9E0xmSCR7RnqcSCaj/Nb52hE6sMURgpW9KgXP09kWKh9VQEtlNgM9aLXib+5/USE177KZNxYqgk80VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2JD8BZfXibt87p3WXfvL2qNmyKOMhzBMZyCB1fQgDtoQgsIjOEZXuHNEc6L8+58zFtLTjFzCH/gfP4AIWyNow==</latexit>

W,Z

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

Power counting important to estimate size of different contributions
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<latexit sha1_base64="PjNjOpN8CRfwPx76atMRX8GUECU="></latexit>



Top compositeness as an EFT

<latexit sha1_base64="l56CzftlriPKZYJxpp+hpSNRXt8="></latexit>c D
m2

⇤
 ̄D3

µ�
µ 

<latexit sha1_base64="4ZS8pUTrtZRC6rn4HgOgLEB320s=">AAACIXicbVBNT8JAEN36ifhV9ehlIzGBC2mJRo5ELx4xkY+EApkuW9iw2za7WxNC+Cte/CtePGgMN+OfcSk9KPhOb96bycw8P+ZMacf5sjY2t7Z3dnN7+f2Dw6Nj++S0qaJEEtogEY9k2wdFOQtpQzPNaTuWFITPacsf3y381hOVikXho57EtCtgGLKAEdBG6tvVYa+Ci9jzQeIAe0MQAvqeSExRwsVU9mLFMqe3cNK61LcLTtlJgdeJm5ECylDv23NvEJFE0FATDkp1XCfW3SlIzQins7yXKBoDGcOQdgwNQVDVnaYfzvClUQY4iMyRUahxqv6emIJQaiJ80ylAj9SqtxD/8zqJDqrdKQvjRNOQLBcFCcc6wou48IBJSjSfGAJEMnMrJiOQQLQJNW9CcFdfXifNStm9LjsPV4XabRZHDp2jC1RELrpBNXSP6qiBCHpGr+gdfVgv1pv1ac2XrRtWNnOG/sD6/gEbkKEN</latexit>

g2(f̄�µf)( ̄�
µ )

<latexit sha1_base64="A4kPs0g7o6DOHOdqsmi+j7bHvlw=">AAACHXicbZDNSgMxFIUz/lv/Rl26CRbBhZQZUXQpCuLChYrVQmccMmnahiaZMbkjDENfxI2v4saFIi7ciG9jWgtq64HAx7n3cnNPnApuwPM+nbHxicmp6ZnZ0tz8wuKSu7xyZZJMU1aliUh0LSaGCa5YFTgIVks1IzIW7DruHPXq13dMG56oS8hTFkrSUrzJKQFrRe5OC+cR4GALBzHR+DY6xSc4MLwlSVQEMsOByrr4+OaHIbqI3LJX8frCo+APoIwGOovc96CR0EwyBVQQY+q+l0JYEA2cCtYtBZlhKaEd0mJ1i4pIZsKif10Xb1ingZuJtk8B7ru/JwoijcllbDslgbYZrvXM/2r1DJr7YcFVmgFT9HtRMxMYEtyLCje4ZhREboFQze1fMW0TTSjYQEs2BH/45FG42q74uxXvfKd8cDiIYwatoXW0iXy0hw7QCTpDVUTRPXpEz+jFeXCenFfn7bt1zBnMrKI/cj6+APmEoKY=</latexit>

gyt q̄LH�µ⌫F
µ⌫
tR

Figure 1:

1 A

1

<latexit sha1_base64="DDkZCc9vubSl8HI+G3jhnBtjr6w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisYD+wDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1NaWV1b3yhvVra2d3b3qvsHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hkUucMPQ6qNbfu5kDLxCtIDQo0B9Wv/jAiiaDSEI617nlubPwUK8MIp7NKP9E0xmSCR7RnqcSCaj/Nb52hE6sMURgpW9KgXP09kWKh9VQEtlNgM9aLXib+5/USE177KZNxYqgk80VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2JD8BZfXibt87p3WXfvL2qNmyKOMhzBMZyCB1fQgDtoQgsIjOEZXuHNEc6L8+58zFtLTjFzCH/gfP4AIWyNow==</latexit>

W,Z

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>
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Figure 1:
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Power counting important to estimate size of different contributions
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Mild but coherent pattern of 
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tt̄Z
<latexit sha1_base64="SSQvHHsg0j8ObOPFFDQlxlfT1/k=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BD3qMYB6aLGF2MpsMmZ1dZnqFsAT8By8eFPHq53jzb5w8DppY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4dXEbz5ybUSs7nCUcD+ifSVCwSha6R47AdUZjh+6xZJbdqcgy8SbkxLMUesWvzq9mKURV8gkNabtuQn6GdUomOTjQic1PKFsSPu8bamiETd+Nj14TE6s0iNhrG0pJFP190RGI2NGUWA7I4oDs+hNxP+8dorhpZ8JlaTIFZstClNJMCaT70lPaM5QjiyhTAt7K2EDqilDm1HBhuAtvrxMGpWyd1au3J6XqtdPszjycATHcAoeXEAVbqAGdWAQwTO8wpujnRfn3fmYteaceYSH8AfO5w9PiJEo</latexit>

SM corrections?

[Broggio et al. 1907.04343]
[Kulesza et al. 2001.03031]
[Frederix, Tsinikos 2004.09552]
[Bevilacqua et al. 2005.09427, 2012.01363] 
[Denner, Pelliccioli 2007.12089]
[von Buddenbrock et al. 2009.0003]
[ATL-PHYS-PUB-2020-024]
[Febres Cordero, Kraus, Reina 2101.11808]
…
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Further motivation: Multilepton + jet “excesses” at the LHC

Mild but coherent pattern of 
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Further motivation: Multilepton + jet “excesses” at the LHC
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Further motivation: Multilepton + jet “excesses” at the LHC

Following the CMS cut and count strategy [CMS 1908.06463]

Add missing                contribution, 

large in the SM

ttWjEW
<latexit sha1_base64="FGCNOTxtvkKcyHKMJkpwCnAIlvE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DEgoscIJhtJljA7mSRjZmeXmV4hLAH/wYsHRbz6Od78GyePgyYWNBRV3XR3hYkUBl3321laXlldW89t5De3tnd2C3v7dROnmvEai2WsGyE1XArFayhQ8kaiOY1Cyf1wcDn2/UeujYjVHQ4THkS0p0RXMIpWukf0H9rZlT9qF4puyZ2ALBJvRoowQ7Vd+Gp1YpZGXCGT1Jim5yYYZFSjYJKP8q3U8ISyAe3xpqWKRtwE2eTgETm2Sod0Y21LIZmovycyGhkzjELbGVHsm3lvLP7nNVPsXgSZUEmKXLHpom4qCcZk/D3pCM0ZyqEllGlhbyWsTzVlaDPK2xC8+ZcXSb1c8k5L5duzYuX6aRpHDg7hCE7Ag3OowA1UoQYMIniGV3hztPPivDsf09YlZxbhAfyB8/kDCA+Q+Q==</latexit>

[Dror, Farina, Salvioni, Serra 1511.03674]
[Frederix, Pagani, Zaro 1711.02116]
[Maltoni, Mantani, Mimasu 1904.05637]
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Further motivation: Multilepton + jet “excesses” at the LHC

Following the CMS cut and count strategy [CMS 1908.06463]

Add missing                contribution, 

large in the SM

ttWjEW
<latexit sha1_base64="FGCNOTxtvkKcyHKMJkpwCnAIlvE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DEgoscIJhtJljA7mSRjZmeXmV4hLAH/wYsHRbz6Od78GyePgyYWNBRV3XR3hYkUBl3321laXlldW89t5De3tnd2C3v7dROnmvEai2WsGyE1XArFayhQ8kaiOY1Cyf1wcDn2/UeujYjVHQ4THkS0p0RXMIpWukf0H9rZlT9qF4puyZ2ALBJvRoowQ7Vd+Gp1YpZGXCGT1Jim5yYYZFSjYJKP8q3U8ISyAe3xpqWKRtwE2eTgETm2Sod0Y21LIZmovycyGhkzjELbGVHsm3lvLP7nNVPsXgSZUEmKXLHpom4qCcZk/D3pCM0ZyqEllGlhbyWsTzVlaDPK2xC8+ZcXSb1c8k5L5duzYuX6aRpHDg7hCE7Ag3OowA1UoQYMIniGV3hztPPivDsf09YlZxbhAfyB8/kDCA+Q+Q==</latexit>

Add:

ctt

v2
(t̄R�µtR) (t̄R�

µ
tR)

cHt

v2

✓
H

†$
DµH

◆
(t̄R�

µ
tR)

<latexit sha1_base64="vuVFuAQggp3Q+MPPCJO9O5hEQOM="></latexit>

ctt

v2
(t̄R�µtR) (t̄R�

µ
tR)

cHt

v2

✓
H

†$
DµH

◆
(t̄R�

µ
tR)

<latexit sha1_base64="vuVFuAQggp3Q+MPPCJO9O5hEQOM="></latexit>

[Dror, Farina, Salvioni, Serra 1511.03674]
[Frederix, Pagani, Zaro 1711.02116]
[Maltoni, Mantani, Mimasu 1904.05637]
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<latexit sha1_base64="vuVFuAQggp3Q+MPPCJO9O5hEQOM="></latexit>

ctt

v2
(t̄R�µtR) (t̄R�

µ
tR)

cHt

v2

✓
H

†$
DµH

◆
(t̄R�
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tR)

<latexit sha1_base64="vuVFuAQggp3Q+MPPCJO9O5hEQOM="></latexit>

[Dror, Farina, Salvioni, Serra 1511.03674]
[Frederix, Pagani, Zaro 1711.02116]
[Maltoni, Mantani, Mimasu 1904.05637]

Neglect:

๏ Interference between SM and BSM

๏ Contribution of        to four-top productioncHt
<latexit sha1_base64="ub2mD7liz354Yy2Yd/35wFFuuB8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKexGQY8BD+YYwTwgWcLsZDYZMzuzzPQKYQn4CV48KOLV//Hm3zh5HDSxoKGo6qa7K0wEN+h5305ubX1jcyu/XdjZ3ds/KB4eNY1KNWUNqoTS7ZAYJrhkDeQoWDvRjMShYK1wdDP1W49MG67kPY4TFsRkIHnEKUErNWkvq+GkVyx5ZW8Gd5X4C1KCBeq94le3r2gaM4lUEGM6vpdgkBGNnAo2KXRTwxJCR2TAOpZKEjMTZLNrJ+6ZVfpupLQtie5M/T2RkdiYcRzazpjg0Cx7U/E/r5NidB1kXCYpMknni6JUuKjc6etun2tGUYwtIVRze6tLh0QTijaggg3BX355lTQrZf+iXLm7LFVvn+Zx5OEETuEcfLiCKtSgDg2g8ADP8ApvjnJenHfnY96acxYRHsMfOJ8/0qSPtQ==</latexit>
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Further motivation: Multilepton + jet “excesses” at the LHC
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Our fit suggests

f = m⇤/g⇤ & 750 GeV
<latexit sha1_base64="dgmZAAM8Ej7t+ZCBPlqz1e021XY=">AAACEXicbVDLSgMxFM3UV62vqks3wSJ0VWeqUkGEogtdVrAP6Awlk2ba0GRmSO4IpfQX3Pgrblwo4tadO//GtJ2Fth4IOZxzLsk9fiy4Btv+tjJLyyura9n13Mbm1vZOfnevoaNEUVankYhUyyeaCR6yOnAQrBUrRqQvWNMfXE/85gNTmkfhPQxj5knSC3nAKQEjdfLFAF9i2XGJhuPe9MJuD0xe4sqZjd0L7CqJb1ijky/YJXsKvEiclBRQilon/+V2I5pIFgIVROu2Y8fgjYgCTgUb59xEs5jQAemxtqEhkUx7o+lGY3xklC4OImVOCHiq/p4YEan1UPomKQn09bw3Ef/z2gkE596Ih3ECLKSzh4JEYIjwpB7c5YpREENDCFXc/BXTPlGEgikxZ0pw5ldeJI1yyTkple9OC9WrtI4sOkCHqIgcVEFVdItqqI4oekTP6BW9WU/Wi/VufcyiGSud2Ud/YH3+AO2rmy0=</latexit>
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Our fit suggests
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experimental constraints

f = m⇤/g⇤ & 750 GeV
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Further motivation: Multilepton + jet “excesses” at the LHC
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18-bin fit, �2min = 16.1, P15(�2 > �2min) = 0.38

Our fit suggests

Roughly consistent with 
experimental constraints

Motivation for heavy, top-philic 
new physics

f = m⇤/g⇤ & 750 GeV
<latexit sha1_base64="dgmZAAM8Ej7t+ZCBPlqz1e021XY=">AAACEXicbVDLSgMxFM3UV62vqks3wSJ0VWeqUkGEogtdVrAP6Awlk2ba0GRmSO4IpfQX3Pgrblwo4tadO//GtJ2Fth4IOZxzLsk9fiy4Btv+tjJLyyura9n13Mbm1vZOfnevoaNEUVankYhUyyeaCR6yOnAQrBUrRqQvWNMfXE/85gNTmkfhPQxj5knSC3nAKQEjdfLFAF9i2XGJhuPe9MJuD0xe4sqZjd0L7CqJb1ijky/YJXsKvEiclBRQilon/+V2I5pIFgIVROu2Y8fgjYgCTgUb59xEs5jQAemxtqEhkUx7o+lGY3xklC4OImVOCHiq/p4YEan1UPomKQn09bw3Ef/z2gkE596Ih3ECLKSzh4JEYIjwpB7c5YpREENDCFXc/BXTPlGEgikxZ0pw5ldeJI1yyTkple9OC9WrtI4sOkCHqIgcVEFVdItqqI4oekTP6BW9WU/Wi/VufcyiGSud2Ud/YH3+AO2rmy0=</latexit>



Now focus only on 
ctt
⇤2

(t̄R�µtR)
2

<latexit sha1_base64="6HtEIDD3zeIrhovjou4pa2sE7nE="></latexit>



LHC :
p
s = 7, 8, 13TeV, L = 5, 20, 35.9 fb�1

<latexit sha1_base64="cT5NedMF42hvtYNhV21+jv7EvzQ="></latexit>
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Higgs p
rec

isio
n

S-
pa

ra
m

et
er

4-to
p co

ntac
t

Z-parameterW-parameter

Top compositeness at the LHC

Not a global fit

m⇤
g⇤

> 730GeV
<latexit sha1_base64="aPfoNuAnLECs9iq5KGXV0/FFAQY="></latexit>

m⇤
g⇤

> 820GeV
<latexit sha1_base64="BFZW9wVeOcCCWDGdSdbmKhFC5V4="></latexit>

๏ LHC bounds are relatively weak

๏ Top contact interaction comparable to Higgs precision

Operators with different power counting estimates provide different exclusion regions

[de Blas et al. 1902.00134]

[CMS 1811.02305]

[Banelli et al. 
2010.05915]
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Top compositeness at the FCC



13

Top compositeness at the FCC

๏ Exploit the high energy compared to the LHC
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Top compositeness at the FCC

๏ Exploit the high energy compared to the LHC

�4t,FCC

�4t,LHC

⇠ 350
<latexit sha1_base64="aoSh6ajGK6rmvY6+ACOuFkEw2jU=">AAACF3icbZDLSgMxFIYzXmu9jbp0M1gEF1Jm2oouCwXtwkUFe4HOMGTSTBuaZIYkI5RhwIdw46u4caGIW935NqaXRW39IfDnP+eQnC+IKZHKtn+MldW19Y3N3FZ+e2d3b988OGzJKBEIN1FEI9EJoMSUcNxURFHciQWGLKC4HQxr43r7AQtJIn6vRjH2GOxzEhIElY58s+iGAqLUlaTPoJ9W1Pl1rZZl88FtXQf6zsoXtm8W7KI9kbVsnJkpgJkavvnt9iKUMMwVolDKrmPHykuhUARRnOXdROIYoiHs4662HDIsvXSyV2ad6qRnhZHQhytrks5PpJBJOWKB7mRQDeRibRz+V+smKrzyUsLjRGGOpg+FCbVUZI0hWT0iMFJ0pA1Egui/WmgANSilUeY1BGdx5WXTKhWdcrF0VylUbx6nOHLgGJyAM+CAS1AFddAATYDAE3gBb+DdeDZejQ/jc9q6YswQHoE/Mr5+AZ6Wn/g=</latexit>

�tt̄W,FCC

�tt̄W,LHC

⇠ 40
<latexit sha1_base64="s3VnAUrCuRGkLy/dQ9LXRMDeOWY=">AAACJHicbZBLSwMxFIUz9VXra9Slm8EiuJAyUwsKbgoF7cJFBfuATimZNNOGJjNDckcow4B/xY1/xY0LH7hw428xfSy07YHA4Ts3JPd4EWcKbPvbyKysrq1vZDdzW9s7u3vm/kFDhbEktE5CHsqWhxXlLKB1YMBpK5IUC4/TpjesjPPmA5WKhcE9jCLaEbgfMJ8RDBp1zSvXl5gkrmJ9gbsJuB6WCaTNs+tKJU2X8Nuq5hqLkt0183bBnshaNM7M5NFMta754fZCEgsaAOFYqbZjR9BJsARGOE1zbqxohMkQ92lb2wALqjrJZMnUOtGkZ/mh1CcAa0L/3kiwUGokPD0pMAzUfDaGy7J2DP5lJ2FBFAMNyPQhP+YWhNa4MavHJCXAR9pgIpn+q0UGWLcGutecLsGZX3nRNIoF57xQvCvlyzeP0zqy6Agdo1PkoAtURlVUQ3VE0BN6QW/o3Xg2Xo1P42s6mjFmFR6ifzJ+fgHPNqaG</latexit>

vs.

[Frederix, Pagani, Zaro 1711.02116] 



13

Top compositeness at the FCC

๏ Exploit the high energy compared to the LHC

�4t,FCC

�4t,LHC

⇠ 350
<latexit sha1_base64="aoSh6ajGK6rmvY6+ACOuFkEw2jU=">AAACF3icbZDLSgMxFIYzXmu9jbp0M1gEF1Jm2oouCwXtwkUFe4HOMGTSTBuaZIYkI5RhwIdw46u4caGIW935NqaXRW39IfDnP+eQnC+IKZHKtn+MldW19Y3N3FZ+e2d3b988OGzJKBEIN1FEI9EJoMSUcNxURFHciQWGLKC4HQxr43r7AQtJIn6vRjH2GOxzEhIElY58s+iGAqLUlaTPoJ9W1Pl1rZZl88FtXQf6zsoXtm8W7KI9kbVsnJkpgJkavvnt9iKUMMwVolDKrmPHykuhUARRnOXdROIYoiHs4662HDIsvXSyV2ad6qRnhZHQhytrks5PpJBJOWKB7mRQDeRibRz+V+smKrzyUsLjRGGOpg+FCbVUZI0hWT0iMFJ0pA1Egui/WmgANSilUeY1BGdx5WXTKhWdcrF0VylUbx6nOHLgGJyAM+CAS1AFddAATYDAE3gBb+DdeDZejQ/jc9q6YswQHoE/Mr5+AZ6Wn/g=</latexit>

�tt̄W,FCC

�tt̄W,LHC

⇠ 40
<latexit sha1_base64="s3VnAUrCuRGkLy/dQ9LXRMDeOWY=">AAACJHicbZBLSwMxFIUz9VXra9Slm8EiuJAyUwsKbgoF7cJFBfuATimZNNOGJjNDckcow4B/xY1/xY0LH7hw428xfSy07YHA4Ts3JPd4EWcKbPvbyKysrq1vZDdzW9s7u3vm/kFDhbEktE5CHsqWhxXlLKB1YMBpK5IUC4/TpjesjPPmA5WKhcE9jCLaEbgfMJ8RDBp1zSvXl5gkrmJ9gbsJuB6WCaTNs+tKJU2X8Nuq5hqLkt0183bBnshaNM7M5NFMta754fZCEgsaAOFYqbZjR9BJsARGOE1zbqxohMkQ92lb2wALqjrJZMnUOtGkZ/mh1CcAa0L/3kiwUGokPD0pMAzUfDaGy7J2DP5lJ2FBFAMNyPQhP+YWhNa4MavHJCXAR9pgIpn+q0UGWLcGutecLsGZX3nRNIoF57xQvCvlyzeP0zqy6Agdo1PkoAtURlVUQ3VE0BN6QW/o3Xg2Xo1P42s6mjFmFR6ifzJ+fgHPNqaG</latexit>

vs.
<latexit sha1_base64="z4qLgAHByoQazPtD5kpmGVWjaJ0=">AAACG3icbVBNS8MwGE7n15xfVY9egkMQD6Mdih6HXrwIE9wHrLWkWbqFJW1JUmGU/g8v/hUvHhTxJHjw35h2PejmC8n78DzvS/I8fsyoVJb1bVSWlldW16rrtY3Nre0dc3evK6NEYNLBEYtE30eSMBqSjqKKkX4sCOI+Iz1/cpXrvQciJI3COzWNicvRKKQBxUhpyjObDkdqjBFLbzIvdWJJYX5l0JGUQycQCKcj7+S+maW8aFB6Zt1qWEXBRWCXoA7KanvmpzOMcMJJqDBDUg5sK1ZuioSimJGs5iSSxAhP0IgMNAwRJ9JNC28ZPNLMEAaR0CdUsGB/b6SISznlvp7Mnch5LSf/0waJCi7clIZxokiIZw8FCYMqgnlQcEgFwYpNNUBYUP1XiMdI56F0nDUdgj1veRF0mw37rGHdntZbl2UcVXAADsExsME5aIFr0AYdgMEjeAav4M14Ml6Md+NjNloxyp198KeMrx/pzqFL</latexit>
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<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

[Frederix, Pagani, Zaro 1711.02116] 
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Top compositeness at the FCC

๏ Exploit the high energy compared to the LHC

�4t,FCC

�4t,LHC

⇠ 350
<latexit sha1_base64="aoSh6ajGK6rmvY6+ACOuFkEw2jU=">AAACF3icbZDLSgMxFIYzXmu9jbp0M1gEF1Jm2oouCwXtwkUFe4HOMGTSTBuaZIYkI5RhwIdw46u4caGIW935NqaXRW39IfDnP+eQnC+IKZHKtn+MldW19Y3N3FZ+e2d3b988OGzJKBEIN1FEI9EJoMSUcNxURFHciQWGLKC4HQxr43r7AQtJIn6vRjH2GOxzEhIElY58s+iGAqLUlaTPoJ9W1Pl1rZZl88FtXQf6zsoXtm8W7KI9kbVsnJkpgJkavvnt9iKUMMwVolDKrmPHykuhUARRnOXdROIYoiHs4662HDIsvXSyV2ad6qRnhZHQhytrks5PpJBJOWKB7mRQDeRibRz+V+smKrzyUsLjRGGOpg+FCbVUZI0hWT0iMFJ0pA1Egui/WmgANSilUeY1BGdx5WXTKhWdcrF0VylUbx6nOHLgGJyAM+CAS1AFddAATYDAE3gBb+DdeDZejQ/jc9q6YswQHoE/Mr5+AZ6Wn/g=</latexit>

�tt̄W,FCC

�tt̄W,LHC

⇠ 40
<latexit sha1_base64="s3VnAUrCuRGkLy/dQ9LXRMDeOWY=">AAACJHicbZBLSwMxFIUz9VXra9Slm8EiuJAyUwsKbgoF7cJFBfuATimZNNOGJjNDckcow4B/xY1/xY0LH7hw428xfSy07YHA4Ts3JPd4EWcKbPvbyKysrq1vZDdzW9s7u3vm/kFDhbEktE5CHsqWhxXlLKB1YMBpK5IUC4/TpjesjPPmA5WKhcE9jCLaEbgfMJ8RDBp1zSvXl5gkrmJ9gbsJuB6WCaTNs+tKJU2X8Nuq5hqLkt0183bBnshaNM7M5NFMta754fZCEgsaAOFYqbZjR9BJsARGOE1zbqxohMkQ92lb2wALqjrJZMnUOtGkZ/mh1CcAa0L/3kiwUGokPD0pMAzUfDaGy7J2DP5lJ2FBFAMNyPQhP+YWhNa4MavHJCXAR9pgIpn+q0UGWLcGutecLsGZX3nRNIoF57xQvCvlyzeP0zqy6Agdo1PkoAtURlVUQ3VE0BN6QW/o3Xg2Xo1P42s6mjFmFR6ifzJ+fgHPNqaG</latexit>

vs.
<latexit sha1_base64="z4qLgAHByoQazPtD5kpmGVWjaJ0=">AAACG3icbVBNS8MwGE7n15xfVY9egkMQD6Mdih6HXrwIE9wHrLWkWbqFJW1JUmGU/g8v/hUvHhTxJHjw35h2PejmC8n78DzvS/I8fsyoVJb1bVSWlldW16rrtY3Nre0dc3evK6NEYNLBEYtE30eSMBqSjqKKkX4sCOI+Iz1/cpXrvQciJI3COzWNicvRKKQBxUhpyjObDkdqjBFLbzIvdWJJYX5l0JGUQycQCKcj7+S+maW8aFB6Zt1qWEXBRWCXoA7KanvmpzOMcMJJqDBDUg5sK1ZuioSimJGs5iSSxAhP0IgMNAwRJ9JNC28ZPNLMEAaR0CdUsGB/b6SISznlvp7Mnch5LSf/0waJCi7clIZxokiIZw8FCYMqgnlQcEgFwYpNNUBYUP1XiMdI56F0nDUdgj1veRF0mw37rGHdntZbl2UcVXAADsExsME5aIFr0AYdgMEjeAav4M14Ml6Md+NjNloxyp198KeMrx/pzqFL</latexit>
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t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

๏ Perform a simple cut and count analysis

[Frederix, Pagani, Zaro 1711.02116] 
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Top compositeness at the FCC

๏ Exploit the high energy compared to the LHC

�4t,FCC

�4t,LHC

⇠ 350
<latexit sha1_base64="aoSh6ajGK6rmvY6+ACOuFkEw2jU=">AAACF3icbZDLSgMxFIYzXmu9jbp0M1gEF1Jm2oouCwXtwkUFe4HOMGTSTBuaZIYkI5RhwIdw46u4caGIW935NqaXRW39IfDnP+eQnC+IKZHKtn+MldW19Y3N3FZ+e2d3b988OGzJKBEIN1FEI9EJoMSUcNxURFHciQWGLKC4HQxr43r7AQtJIn6vRjH2GOxzEhIElY58s+iGAqLUlaTPoJ9W1Pl1rZZl88FtXQf6zsoXtm8W7KI9kbVsnJkpgJkavvnt9iKUMMwVolDKrmPHykuhUARRnOXdROIYoiHs4662HDIsvXSyV2ad6qRnhZHQhytrks5PpJBJOWKB7mRQDeRibRz+V+smKrzyUsLjRGGOpg+FCbVUZI0hWT0iMFJ0pA1Egui/WmgANSilUeY1BGdx5WXTKhWdcrF0VylUbx6nOHLgGJyAM+CAS1AFddAATYDAE3gBb+DdeDZejQ/jc9q6YswQHoE/Mr5+AZ6Wn/g=</latexit>

�tt̄W,FCC

�tt̄W,LHC

⇠ 40
<latexit sha1_base64="s3VnAUrCuRGkLy/dQ9LXRMDeOWY=">AAACJHicbZBLSwMxFIUz9VXra9Slm8EiuJAyUwsKbgoF7cJFBfuATimZNNOGJjNDckcow4B/xY1/xY0LH7hw428xfSy07YHA4Ts3JPd4EWcKbPvbyKysrq1vZDdzW9s7u3vm/kFDhbEktE5CHsqWhxXlLKB1YMBpK5IUC4/TpjesjPPmA5WKhcE9jCLaEbgfMJ8RDBp1zSvXl5gkrmJ9gbsJuB6WCaTNs+tKJU2X8Nuq5hqLkt0183bBnshaNM7M5NFMta754fZCEgsaAOFYqbZjR9BJsARGOE1zbqxohMkQ92lb2wALqjrJZMnUOtGkZ/mh1CcAa0L/3kiwUGokPD0pMAzUfDaGy7J2DP5lJ2FBFAMNyPQhP+YWhNa4MavHJCXAR9pgIpn+q0UGWLcGutecLsGZX3nRNIoF57xQvCvlyzeP0zqy6Agdo1PkoAtURlVUQ3VE0BN6QW/o3Xg2Xo1P42s6mjFmFR6ifzJ+fgHPNqaG</latexit>

vs.
<latexit sha1_base64="z4qLgAHByoQazPtD5kpmGVWjaJ0=">AAACG3icbVBNS8MwGE7n15xfVY9egkMQD6Mdih6HXrwIE9wHrLWkWbqFJW1JUmGU/g8v/hUvHhTxJHjw35h2PejmC8n78DzvS/I8fsyoVJb1bVSWlldW16rrtY3Nre0dc3evK6NEYNLBEYtE30eSMBqSjqKKkX4sCOI+Iz1/cpXrvQciJI3COzWNicvRKKQBxUhpyjObDkdqjBFLbzIvdWJJYX5l0JGUQycQCKcj7+S+maW8aFB6Zt1qWEXBRWCXoA7KanvmpzOMcMJJqDBDUg5sK1ZuioSimJGs5iSSxAhP0IgMNAwRJ9JNC28ZPNLMEAaR0CdUsGB/b6SISznlvp7Mnch5LSf/0waJCi7clIZxokiIZw8FCYMqgnlQcEgFwYpNNUBYUP1XiMdI56F0nDUdgj1veRF0mw37rGHdntZbl2UcVXAADsExsME5aIFr0AYdgMEjeAav4M14Ml6Md+NjNloxyp198KeMrx/pzqFL</latexit>
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Top compositeness at the FCC

[de Blas et al. 1905.03764]
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[Banelli et al. 2010.05915]

FCC-hh :
p
s = 100TeV, L = 30 ab�1

<latexit sha1_base64="+HK/Yyg/JdlITZ19lK6RxBB3um4="></latexit>
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Top compositeness at the FCC

Four-top production overtakes Higgs precision measurement, despite the FCC-ee precision

[de Blas et al. 1905.03764]
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Top compositeness at future lepton colliders

Four top production not achievable at most lepton colliders*

15

 * High energy colliders can open up this channel, but �(4t)10 TeV
µµ ⇠ O(ab)

<latexit sha1_base64="QEqN39kf3smD7TuwmUDnMNN8g1s="></latexit>
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Exploit renormalization group effects in pair production
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<latexit sha1_base64="+KAKVbmmqowuvs8SEi5oMHbQIqc=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cK9gPaWDbbSbt2kw27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLff0DJVDOtMCqlaAdUoeIx1w43AVqKQRoHAZjC8mfjNJ1Say/jejBL0I9qPecgZNVZqdFCIh9NuqexW3CnIIvFyUoYctW7pq9OTLI0wNkxQrduemxg/o8pwJnBc7KQaE8qGtI9tS2Maofaz6bVjcmyVHgmlshUbMlV/T2Q00noUBbYzomag572J+J/XTk145Wc8TlKDMZstClNBjCST10mPK2RGjCyhTHF7K2EDqigzNqCiDcGbf3mRNM4q3kXFvTsvV6/zOApwCEdwAh5cQhVuoQZ1YPAIz/AKb450Xpx352PWuuTkMwfwB87nDyvRjtw=</latexit>

`+

<latexit sha1_base64="hhLrdNTXVnYoz3bfpWR9CDTOltM=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4sSSi6LHoxWMF+wFtLJvtpF27yYbdjVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttvaJkqhnUmhVStgGoUPMa64UZgK1FIo0BgMxjeTPzmEyrNZXxvRgn6Ee3HPOSMGis1OijEw2m3VHYr7hRkkXg5KUOOWrf01elJlkYYGyao1m3PTYyfUWU4EzgudlKNCWVD2se2pTGNUPvZ9NoxObZKj4RS2YoNmaq/JzIaaT2KAtsZUTPQ895E/M9rpya88jMeJ6nBmM0WhakgRpLJ66THFTIjRpZQpri9lbABVZQZG1DRhuDNv7xIGmcV76Li3p2Xq9d5HAU4hCM4AQ8uoQq3UIM6MHiEZ3iFN0c6L8678zFrXXLymQP4A+fzBy7Zjt4=</latexit>

`�

<latexit sha1_base64="kDLewBLHBslQCTBi0+YqVMwzeyM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD9i775UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE47o3B</latexit>

tR

<latexit sha1_base64="uKy27iFQ7Hp5D2BT3Jdp9fRR9IA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbRSuxtQTbB33ytX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx274ScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMps+TvtCcoRxbQpkW9lbChlRThjaikg3BW3x5mTTPqt5F1b07r9Su8ziKcATHcAoeXEINbqEODWAg4Rle4c15dF6cd+dj3lpw8plD+APn8weK2I+k</latexit>

t̄R
Figure 1:

1 A

1

<latexit sha1_base64="4QbshbvGjPrNkU9mhCfSzvHJxw8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoM8eIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2V7quPZ91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97l2X37qJUqWZx5OEIjuEUPLiCCtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MHro6NZg==</latexit>

B⇤<latexit sha1_base64="4QbshbvGjPrNkU9mhCfSzvHJxw8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoM8eIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2V7quPZ91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97l2X37qJUqWZx5OEIjuEUPLiCCtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MHro6NZg==</latexit>

B⇤

Figure 1:
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1
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m2

⇤
= 2

ct`
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= g0

ctD
m2

⇤<latexit sha1_base64="jV8TugRtoOVX9xSTUGpEUi14Vs0=">AAACNnicbZBNS8NAEIY39bt+VT16CRbRU0mioBehqAcvgoLVQhPDZjtpl24+2J0IJeRXefF3ePPiQRGv/gS3taBtHVh4eZ8ZZucNUsEVWtaLUZqZnZtfWFwqL6+srq1XNjZvVZJJBg2WiEQ2A6pA8BgayFFAM5VAo0DAXdA7G/C7B5CKJ/EN9lPwItqJecgZRW35lUs3lJTlzM8RiiKPfJcqvHeKE+cXuCDEGOvs/cLzv8SvVK2aNSxzWtgjUSWjuvIrz247YVkEMTJBlWrZVopeTiVyJqAou5mClLIe7UBLy5hGoLx8eHZh7mqnbYaJ1C9Gc+j+nchppFQ/CnRnRLGrJtnA/I+1MgyPvZzHaYYQs59FYSZMTMxBhmabS2Ao+lpQJrn+q8m6VCeCOumyDsGePHla3Do1+6DmXB9W66ejOBbJNtkh+8QmR6ROLsgVaRBGHskLeSPvxpPxanwYnz+tJWM0s0XGyvj6Bu2krm8=</latexit>

ctD
m2

⇤
(µ) =

g0

m2
⇤
(m⇤) +

g2⇤
m2

⇤
(m⇤)

32

9

g0

16⇡2
log

✓
m2

⇤
µ2

◆

<latexit sha1_base64="O7dFk0CDhU8psUr/CfDDA4q57eU="></latexit>
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 * High energy colliders can open up this channel, but �(4t)10 TeV
µµ ⇠ O(ab)

<latexit sha1_base64="QEqN39kf3smD7TuwmUDnMNN8g1s="></latexit>



Top compositeness at future lepton colliders

Four top production not achievable at most lepton colliders*

For strongly coupled theories             , RGE term leading contribution.
<latexit sha1_base64="1ReYQ5tMVXL3pnaYSjHGM0dtY8M=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREFD0WvXisYD+kDWWz3aRLdzdhdyOU0F/hxYMiXv053vw3btMctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AkWQhI9hY6TEanKF+FCFvUK25dTcHWiZeQWpQoDmofvWHMUkFlYZwrHXPcxPjZ1gZRjidVvqppgkmYxzRnqUSC6r9LD94ik6sMkRhrGxJg3L190SGhdYTEdhOgc1IL3oz8T+vl5rw2s+YTFJDJZkvClOOTIxm36MhU5QYPrEEE8XsrYiMsMLE2IwqNgRv8eVl0j6ve5d19/6i1rgp4ijDERzDKXhwBQ24gya0gICAZ3iFN0c5L8678zFvLTnFzCH8gfP5Az76j2M=</latexit>

g⇤ � 1

Exploit renormalization group effects in pair production

<latexit sha1_base64="1kdRQIR8yyqz0RYOLOKTxp8FP+4="></latexit>ctD
m2

⇤
(@µBµ⌫)(t̄R�

⌫tR)
<latexit sha1_base64="zKDmhH0CG385p47cS4gHAydMric="></latexit>cte
m2

⇤
(ēR�µeR)(t̄R�

µtR)
ΕΟΜ

<latexit sha1_base64="+KAKVbmmqowuvs8SEi5oMHbQIqc=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cK9gPaWDbbSbt2kw27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLff0DJVDOtMCqlaAdUoeIx1w43AVqKQRoHAZjC8mfjNJ1Say/jejBL0I9qPecgZNVZqdFCIh9NuqexW3CnIIvFyUoYctW7pq9OTLI0wNkxQrduemxg/o8pwJnBc7KQaE8qGtI9tS2Maofaz6bVjcmyVHgmlshUbMlV/T2Q00noUBbYzomag572J+J/XTk145Wc8TlKDMZstClNBjCST10mPK2RGjCyhTHF7K2EDqigzNqCiDcGbf3mRNM4q3kXFvTsvV6/zOApwCEdwAh5cQhVuoQZ1YPAIz/AKb450Xpx352PWuuTkMwfwB87nDyvRjtw=</latexit>

`+

<latexit sha1_base64="hhLrdNTXVnYoz3bfpWR9CDTOltM=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4sSSi6LHoxWMF+wFtLJvtpF27yYbdjVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttvaJkqhnUmhVStgGoUPMa64UZgK1FIo0BgMxjeTPzmEyrNZXxvRgn6Ee3HPOSMGis1OijEw2m3VHYr7hRkkXg5KUOOWrf01elJlkYYGyao1m3PTYyfUWU4EzgudlKNCWVD2se2pTGNUPvZ9NoxObZKj4RS2YoNmaq/JzIaaT2KAtsZUTPQ895E/M9rpya88jMeJ6nBmM0WhakgRpLJ66THFTIjRpZQpri9lbABVZQZG1DRhuDNv7xIGmcV76Li3p2Xq9d5HAU4hCM4AQ8uoQq3UIM6MHiEZ3iFN0c6L8678zFrXXLymQP4A+fzBy7Zjt4=</latexit>

`�

<latexit sha1_base64="kDLewBLHBslQCTBi0+YqVMwzeyM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD9i775UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE47o3B</latexit>

tR

<latexit sha1_base64="uKy27iFQ7Hp5D2BT3Jdp9fRR9IA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbRSuxtQTbB33ytX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx274ScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMps+TvtCcoRxbQpkW9lbChlRThjaikg3BW3x5mTTPqt5F1b07r9Su8ziKcATHcAoeXEINbqEODWAg4Rle4c15dF6cd+dj3lpw8plD+APn8weK2I+k</latexit>

t̄R
Figure 1:

1 A

1

<latexit sha1_base64="4QbshbvGjPrNkU9mhCfSzvHJxw8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoM8eIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2V7quPZ91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97l2X37qJUqWZx5OEIjuEUPLiCCtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MHro6NZg==</latexit>

B⇤<latexit sha1_base64="4QbshbvGjPrNkU9mhCfSzvHJxw8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoM8eIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2V7quPZ91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97l2X37qJUqWZx5OEIjuEUPLiCCtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MHro6NZg==</latexit>
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⇤<latexit sha1_base64="jV8TugRtoOVX9xSTUGpEUi14Vs0=">AAACNnicbZBNS8NAEIY39bt+VT16CRbRU0mioBehqAcvgoLVQhPDZjtpl24+2J0IJeRXefF3ePPiQRGv/gS3taBtHVh4eZ8ZZucNUsEVWtaLUZqZnZtfWFwqL6+srq1XNjZvVZJJBg2WiEQ2A6pA8BgayFFAM5VAo0DAXdA7G/C7B5CKJ/EN9lPwItqJecgZRW35lUs3lJTlzM8RiiKPfJcqvHeKE+cXuCDEGOvs/cLzv8SvVK2aNSxzWtgjUSWjuvIrz247YVkEMTJBlWrZVopeTiVyJqAou5mClLIe7UBLy5hGoLx8eHZh7mqnbYaJ1C9Gc+j+nchppFQ/CnRnRLGrJtnA/I+1MgyPvZzHaYYQs59FYSZMTMxBhmabS2Ao+lpQJrn+q8m6VCeCOumyDsGePHla3Do1+6DmXB9W66ejOBbJNtkh+8QmR6ROLsgVaRBGHskLeSPvxpPxanwYnz+tJWM0s0XGyvj6Bu2krm8=</latexit>
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<latexit sha1_base64="O7dFk0CDhU8psUr/CfDDA4q57eU="></latexit>
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 * High energy colliders can open up this channel, but �(4t)10 TeV
µµ ⇠ O(ab)

<latexit sha1_base64="QEqN39kf3smD7TuwmUDnMNN8g1s="></latexit>



Top compositeness at ILC and CLIC
High c.o.m. energies great advantage in (indirectly) probing most of parameter space.
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m⇤
g⇤

> 7.7TeV
<latexit sha1_base64="Rtk83goRwn1yyDHEOFmCEVWPs+E="></latexit>

m⇤
g⇤

> 4.3TeV
<latexit sha1_base64="5n7AjK11Z6UKuOVshQ4E1Fo5T5U="></latexit>

[de Blas et al. 1902.00134]

[Banelli et al. 2010.05915]

Based on reinterpretation of results for sensitivity to the individual operators .

[Banelli et al. 
2010.05915]

CLIC :
p
s = 0.38, 1.4, 3TeV, L = 0.5, 1.5, 3 ab�1

<latexit sha1_base64="/QPb+rakO0XVaCujkSQDr2DQWLI="></latexit>

ILC :
p
s = 0.5, 1TeV, L = 0.5, 1 ab�1

<latexit sha1_base64="0FVtFB7lYhp1YrjZ0fQNKUNkJGQ="></latexit>



Top compositeness at ILC and CLIC
High c.o.m. energies great advantage in (indirectly) probing most of parameter space.

Zt
t c

ou
pl

in
g

to
p-

di
po

le

4-to
p co

ntac
t

eebb contact

16

m⇤
g⇤

> 7.7TeV
<latexit sha1_base64="Rtk83goRwn1yyDHEOFmCEVWPs+E="></latexit>

m⇤
g⇤

> 4.3TeV
<latexit sha1_base64="5n7AjK11Z6UKuOVshQ4E1Fo5T5U="></latexit>

[de Blas et al. 1902.00134]

[Banelli et al. 2010.05915]

Based on reinterpretation of results for sensitivity to the individual operators .
[Durieux et al. 1807.02121]
[Durieux et al. 1807.10273]

[Banelli et al. 
2010.05915]

CLIC :
p
s = 0.38, 1.4, 3TeV, L = 0.5, 1.5, 3 ab�1

<latexit sha1_base64="/QPb+rakO0XVaCujkSQDr2DQWLI="></latexit>

ILC :
p
s = 0.5, 1TeV, L = 0.5, 1 ab�1

<latexit sha1_base64="0FVtFB7lYhp1YrjZ0fQNKUNkJGQ="></latexit>



Top compositeness at ILC and CLIC
High c.o.m. energies great advantage in (indirectly) probing most of parameter space.
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m⇤
g⇤

> 7.7TeV
<latexit sha1_base64="Rtk83goRwn1yyDHEOFmCEVWPs+E="></latexit>

m⇤
g⇤

> 4.3TeV
<latexit sha1_base64="5n7AjK11Z6UKuOVshQ4E1Fo5T5U="></latexit>

[de Blas et al. 1902.00134]

[Banelli et al. 2010.05915]

Based on reinterpretation of results for sensitivity to the individual operators .

Contact interactions and highest-energy runs dominate the sensitivity.

[Durieux et al. 1807.02121]
[Durieux et al. 1807.10273]

[Banelli et al. 
2010.05915]

CLIC :
p
s = 0.38, 1.4, 3TeV, L = 0.5, 1.5, 3 ab�1

<latexit sha1_base64="/QPb+rakO0XVaCujkSQDr2DQWLI="></latexit>

ILC :
p
s = 0.5, 1TeV, L = 0.5, 1 ab�1

<latexit sha1_base64="0FVtFB7lYhp1YrjZ0fQNKUNkJGQ="></latexit>



Same conclusion at a high-energy muon collider, with larger reach!

Top compositeness at µ-Collider
17



Same conclusion at a high-energy muon collider, with larger reach!

Top compositeness at µ-Collider
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(statistically dominated errors)

<latexit sha1_base64="0TVgZayseMmT9l+R8CiB9KTxCUs="></latexit>

⇥
r

sCLIC

sµ+µ�

s
LCLIC

Lµ+µ�

<latexit sha1_base64="Bi9669t3UZm7TZsVvC8ynXMMXtw=">AAACIHicbVDLSgMxFM34tr5GXboJFkFEyoxU61J041LBPqAzlEx6pwaTmSHJCCXMp7jxV9y4UER3+jWm7Sy0eiHhcM49NzcnyjhT2vM+nZnZufmFxaXlysrq2vqGu7nVUmkuKTRpylPZiYgCzhJoaqY5dDIJREQc2tHdxUhv34NULE1u9DCDUJBBwmJGibZUz22YYDzERDyHAgexJNSI3kFhBvbCwUBbr8AntToODrEJpMA30CqKnlv1at648F/gl6CKyrrquR9BP6W5gERTTpTq+l6mQ0OkZpRDUQlyBRmhd2QAXQsTIkCFZrxbgfcs08dxKu1JNB6zPx2GCKWGIrKdguhbNa2NyP+0bq7j09CwJMs1JHTyUJxzrFM8Sgv3mQSq+dACQiWzu2J6S2xG2mZasSH401/+C1pHNf+45l3Xq2fnZRxLaAfton3kowY6Q5foCjURRQ/oCb2gV+fReXbenPdJ64xTerbRr3K+vgH6UKLK</latexit>m⇤
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Same conclusion at a high-energy muon collider, with larger reach!

Top compositeness at µ-Collider

Main assumption is that uncertainty remains statistically dominated.
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(statistically dominated errors)

<latexit sha1_base64="0TVgZayseMmT9l+R8CiB9KTxCUs="></latexit>

⇥
r

sCLIC

sµ+µ�

s
LCLIC

Lµ+µ�

<latexit sha1_base64="Bi9669t3UZm7TZsVvC8ynXMMXtw=">AAACIHicbVDLSgMxFM34tr5GXboJFkFEyoxU61J041LBPqAzlEx6pwaTmSHJCCXMp7jxV9y4UER3+jWm7Sy0eiHhcM49NzcnyjhT2vM+nZnZufmFxaXlysrq2vqGu7nVUmkuKTRpylPZiYgCzhJoaqY5dDIJREQc2tHdxUhv34NULE1u9DCDUJBBwmJGibZUz22YYDzERDyHAgexJNSI3kFhBvbCwUBbr8AntToODrEJpMA30CqKnlv1at648F/gl6CKyrrquR9BP6W5gERTTpTq+l6mQ0OkZpRDUQlyBRmhd2QAXQsTIkCFZrxbgfcs08dxKu1JNB6zPx2GCKWGIrKdguhbNa2NyP+0bq7j09CwJMs1JHTyUJxzrFM8Sgv3mQSq+dACQiWzu2J6S2xG2mZasSH401/+C1pHNf+45l3Xq2fnZRxLaAfton3kowY6Q5foCjURRQ/oCb2gV+fReXbenPdJ64xTerbRr3K+vgH6UKLK</latexit>m⇤
g⇤

& 6.4TeV

1 Section
m⇤

g⇤
& 18TeV

1

H
ig

gs
 p

re
cis

io
n

S-
pa

ra
m

et
er

4-top contact

eebb contact

pr
el

im
in

ar
y

<latexit sha1_base64="R/F/yyLQIWHuR/yAMA/TKW5ZxUk="></latexit>p
sµ+µ� = 10TeV Lµ+µ� = 10 /ab

[Buttazzo et al. 2012.02769] 

[Han et al. 2008.12204] 



18
Summary



18
Summary

Top compositeness provide an exciting probe of composite Higgs models๏  



18
Summary

Top compositeness provide an exciting probe of composite Higgs models

Leading effects from 4-top contact interaction

๏  

๏  



18
Summary

Top compositeness provide an exciting probe of composite Higgs models

Leading effects from 4-top contact interaction

direct, 4t production 
(LHC, FCC-hh)

๏  

๏  



18
Summary

Top compositeness provide an exciting probe of composite Higgs models

Leading effects from 4-top contact interaction

direct, 4t production 
(LHC, FCC-hh)

indirect, pair-production 
(CLIC, ILC, µ-Collider)

๏  

๏  



18
Summary

Top compositeness provide an exciting probe of composite Higgs models

Leading effects from 4-top contact interaction

direct, 4t production 
(LHC, FCC-hh)

indirect, pair-production 
(CLIC, ILC, µ-Collider)

๏  

๏  

๏  

Sensitivity from RGE contributions to lepton-top contact interactions

Highest gain from highest energy runs
At lepton colliders:  



18
Summary

Top compositeness provide an exciting probe of composite Higgs models

Leading effects from 4-top contact interaction

direct, 4t production 
(LHC, FCC-hh)

indirect, pair-production 
(CLIC, ILC, µ-Collider)

๏  

๏  

๏  

Sensitivity from RGE contributions to lepton-top contact interactions

Highest gain from highest energy runs
At lepton colliders:  

✓
m⇤
g⇤

◆

LHC

> 730 GeV,

✓
m⇤
g⇤

◆

FCC

> 6.5 TeV,

✓
m⇤
g⇤

◆

CLIC

> 7.7 TeV,

✓
m⇤
g⇤

◆

µµ,10TeV

> 18 TeV
<latexit sha1_base64="Ej+nPi4+wmKRwqdMqzOrBcQcdZE="></latexit>
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Backup



[CMS 1908.06463]

2 3 4 5
0

50

100

150

N j

ev
en
ts

CRWtttt
ttW

nonprompt
tth
ttZ

charge misID
X�
rare
ttVV

2 3 4 5 6 7
0

10

20

30

40

N j

ev
en
ts

CRZtttt

ttW

nonprompt
tth

ttZ

charge misID
X�

rare

ttVV

400 600 800 1000 1200 1400 1600
0

5

10

15

20

HT [GeV]

ev
en
ts

/1
00
G
eV

SRtttt
ttW

nonprompt
tth

ttZ

charge misID
X�
rare
ttVV

[Banelli et al. 2010.05915] 

Further motivation: Multilepton + jet “excesses” at the LHC
20
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EFT validity
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Estimate the region of EFT validity by discarding events with max
ij

m(titj) > m⇤
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Systematic uncertainties
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[Frederix, Pagaini, Zaro 1711.02116]

Systematics: (�tt̄tt̄, �tt̄W ) = (8.5%, 7.5%)
<latexit sha1_base64="1xgFDDf1hq7HygGQtWlgFcOxHsk="></latexit>

, half of current theoretical uncertainites
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Detector efficiencies

[arXiv:1611.05032]In the main analysis  were used(✏fake, ✏flip) = (0.37, 2.2)⇥ 10�4
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Fully hadronic decay channel

At the FCC, highly boosted tops open up the possibility for top tagging algorithms

Requiring four tagged tops is limited by low statistics

Require tag on hardest jets and reconstruct the resolved tops

�2 =
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mj1 �mt

�t

◆2

+

✓
mj2 �mt

�t

◆2

<latexit sha1_base64="d1VnqYgo/sXfEbNMM9rhDRd8rKE="></latexit>

Neural Network

Neither yielded a bound comparable to the multilepton analysis

FCC-tailored/machine learning taggers could significantly enhance reach



๏ Multiple operators enter top pair production
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(ēR�µeR)(t̄R�

µtR)

<latexit sha1_base64="om3Pouv6e4bRFj1AH0TGmdnqrJc=">AAACB3icbVDLSgMxFM34rPU16lKQYBHERZkpii6LblxWsA/oTIdMmmlDk8yQZIQydOfGX3HjQhG3/oI7/8Z0OgttPXC5h3PuJbknTBhV2nG+raXlldW19dJGeXNre2fX3ttvqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB2ObqZ++4FIRWNxr8cJ8TkaCBpRjLSRAvvIU5RDL5IIZ4PgrFebZDxvkAftXi2wK07VyQEXiVuQCijQCOwvrx/jlBOhMUNKdV0n0X6GpKaYkUnZSxVJEB6hAekaKhAnys/yOybwxCh9GMXSlNAwV39vZIgrNeahmeRID9W8NxX/87qpjq78jIok1UTg2UNRyqCO4TQU2KeSYM3GhiAsqfkrxENkMtEmurIJwZ0/eZG0alX3ourcnVfq10UcJXAIjsEpcMElqINb0ABNgMEjeAav4M16sl6sd+tjNrpkFTsH4A+szx9vUZhh</latexit>

⇠ g2⇤
m2

⇤
m2

W

<latexit sha1_base64="SXm/tfuvCwJRlrh8vxgNDWPdHeU=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJCDFVSgWCsYGEsEn1ITagc12mt2kmwb5CqKB/Awq+wMIAQKx/Axt/gthmg5UiWj845V/Y9fiy4Btv+tgpLyyura8X10sbm1vZOeXevpaNEUdakkYhUxyeaCR6yJnAQrBMrRqQvWNsfXU389gNTmkfhLYxj5kkyCHnAKQEj9coVV3OJ3UARmg7ualkqeyfmwrIH2NX3ClKdmZRdtafAi8TJSQXlaPTKX24/oolkIVBBtO46dgxeShRwKlhWchPNYkJHZMC6hoZEMu2l02UyfGSUPg4iZU4IeKr+nkiJ1HosfZOUBIZ63puI/3ndBIILL+VhnAAL6eyhIBEYIjxpBve5YhTE2BBCFTd/xXRITDFg+iuZEpz5lRdJq1Z1zqr2zWmlfpnXUUQH6BAdIwedozq6Rg3URBQ9omf0it6sJ+vFerc+ZtGClc/soz+wPn8AgaKbSA==</latexit>

⇠ g2

m2
⇤
mt

p
s

<latexit sha1_base64="GGkQlw5wGungoSTWcVrW8ekvrO8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBXJSZouiy6MZlBfuAzjhk0kwbmmSGJCOUoeDGX3HjQhG3/oQ7/8Z0OgttPXC5h3PuJbknTBhV2nG+rdLS8srqWnm9srG5tb1j7+61VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glH11O/80CkorG40+OE+BwNBI0oRtpIgX3gKcqhF0mEs0Fwel+fZDxvUAV21ak5OeAicQtSBQWagf3l9WOcciI0Zkipnusk2s+Q1BQzMql4qSIJwiM0ID1DBeJE+Vl+wwQeG6UPo1iaEhrm6u+NDHGlxjw0kxzpoZr3puJ/Xi/V0aWfUZGkmgg8eyhKGdQxnAYC+1QSrNnYEIQlNX+FeIhMHtrEVjEhuPMnL5J2veae15zbs2rjqoijDA7BETgBLrgADXADmqAFMHgEz+AVvFlP1ov1bn3MRktWsbMP/sD6/AHOG5b5</latexit>

⇠ g2⇤
m2

⇤
s

At high energies, contact interactions dominate

๏ Bottom pair-production sensitive to weak couplings
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<latexit sha1_base64="6jMPuhf4LTtQe4CNTOLPom3S0sM=">AAACDXicbZC7TsMwFIYdrqXcAowsFgUJMVRJBYKxgoWxSPQiNWnkuE5q1U4i20GKor4AC6/CwgBCrOxsvA1OmwFajmTr0/+fI/v8fsKoVJb1bSwtr6yurVc2qptb2zu75t5+R8apwKSNYxaLno8kYTQibUUVI71EEMR9Rrr++Kbwuw9ESBpH9ypLiMtRGNGAYqS05JnHjqQcOoFAOM88NWjAcNCY5KF3ppEX9wRKz6xZdWtacBHsEmqgrJZnfjnDGKecRAozJGXfthLl5kgoihmZVJ1UkgThMQpJX2OEOJFuPt1mAk+0MoRBLPSJFJyqvydyxKXMuK87OVIjOe8V4n9eP1XBlZvTKEkVifDsoSBlUMWwiAYOqSBYsUwDwoLqv0I8QjoZpQOs6hDs+ZUXodOo2xd16+681rwu46iAQ3AEToENLkET3IIWaAMMHsEzeAVvxpPxYrwbH7PWJaOcOQB/yvj8AVevmnA=</latexit>
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