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Parisi 1975
Maiani, Parisi, Petronzio 1977

- For a sufÞciently large number of families 
<latexit sha1_base64="ujAHyiKBsw238pfP4WkH17zvjds=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8lV1R7LHoxZNUsB/QLiWbZtvQbBKSWbEs/RlePCji1V/jzX9j2u5BWx8MPN6bYWZepAW34Pvf3srq2vrGZmGruL2zu7dfOjhsWpUayhpUCWXaEbFMcMkawEGwtjaMJJFgrWh0M/Vbj8xYruQDjDULEzKQPOaUgJM6d7hLtDbqCVd7pbJf8WfAyyTISRnlqPdKX92+omnCJFBBrO0EvoYwIwY4FWxS7KaWaUJHZMA6jkqSMBtms5Mn+NQpfRwr40oCnqm/JzKSWDtOIteZEBjaRW8q/ud1UoirYcalToFJOl8UpwKDwtP/cZ8bRkGMHSHUcHcrpkNiCAWXUtGFECy+vEya55XgsuLfX5Rr13kcBXSMTtAZCtAVqqFbVEcNRJFCz+gVvXngvXjv3se8dcXLZ47QH3ifP17ukKg=</latexit>

N ! 8

all gauge interactions may become simultaneously strong at 
<latexit sha1_base64="NtZxGDmVGdX5A/4uF3iIXRxtEjg=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIosuiGxcKFewDOsOQyaRtaCYJSUYsQ8FfceNCEbd+hzv/xrSdhbYeCBzOOZd7c2LJqDae9+0sLC4tr6yW1srrG5tb2+7OblOLTGHSwIIJ1Y6RJoxy0jDUMNKWiqA0ZqQVD67GfuuBKE0FvzdDScIU9TjtUoyMlSJ3P7ix4QQFSEolHuFtlNfZKHIrXtWbAM4TvyAVUKAeuV9BInCWEm4wQ1p3fE+aMEfKUMzIqBxkmkiEB6hHOpZylBId5pPzR/DIKgnsCmUfN3Ci/p7IUar1MI1tMkWmr2e9sfif18lM9yLMKZeZIRxPF3UzBo2A4y5gQhXBhg0tQVhReyvEfaQQNraxsi3Bn/3yPGmeVP2zqnd3WqldFnWUwAE4BMfAB+egBq5BHTQABjl4Bq/gzXlyXpx352MaXXCKmT3wB87nDxqzlZQ=</latexit>

! ! M P l

- The asymptotic divergence of Yukawa and quartic Higgs couplings, for
<latexit sha1_base64="vlMlpzhVZ2sn/xvqTKrO9n4HX+w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IsniWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qCJBQ1FVTfdXUEsuDau++3klpZXVtfy64WNza3tneLuXl1HiWJYY5GIVDOgGgWXWDPcCGzGCmkYCGwEw5uJ33hCpXkkH80oRj+kfcl7nFFjpYe7q9NOseSW3SnIIvEyUoIM1U7xq92NWBKiNExQrVueGxs/pcpwJnBcaCcaY8qGtI8tSyUNUfvp9NQxObJKl/QiZUsaMlV/T6Q01HoUBrYzpGag572J+J/XSkzv0k+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDoFG4I3//IiqZ+UvfOye39WqlxnceThAA7hGDy4gArcQhVqwKAPz/AKb45wXpx352PWmnOymX34A+fzB5xVjVo=</latexit>

N = 3
binds the top and the Higgs mass, depending on

<latexit sha1_base64="yFrnXXViWirehqLFkWd9XsZYx1w=">AAAB7nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiFw8eKlhbaEPZbDbt0s0m7L4IJfRHePGgiFd/jzf/jds2B20dWBhm5rHvTZBKYdB1v53Syura+kZ5s7K1vbO7V90/eDRJphlvsUQmuhNQw6VQvIUCJe+kmtM4kLwdjG6mfvuJayMS9YDjlPsxHSgRCUbRSu3enY2GtF+tuXV3BrJMvILUoECzX/3qhQnLYq6QSWpM13NT9HOqUTDJJ5VeZnhK2YgOeNdSRWNu/Hy27oScWCUkUaLtU0hm6u+JnMbGjOPAJmOKQ7PoTcX/vG6G0ZWfC5VmyBWbfxRlkmBCpreTUGjOUI4toUwLuythQ6opQ9tQxZbgLZ68TB7P6t5F3b0/rzWuizrKcATHcAoeXEIDbqEJLWAwgmd4hTcndV6cd+djHi05xcwh/IHz+QMM949h</latexit>

!

EPS Conference, Madrid 1989

<latexit sha1_base64="kN/m8rjnxxjfPjRe3KScV5kYxVI=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDabTbt0sxt2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelAluwHW/ncra+sbmVnW7trO7t39QPzzqGpVryjpUCaX7ETFMcMk6wEGwfqYZSSPBetH4bub3npg2XMlHmGQsTMlQ8oRTAlbyg5gJIDjQIzWoN9ymOwdeJV5JGqhEe1D/CmJF85RJoIIY43tuBmFBNHAq2LQW5IZlhI7JkPmWSpIyExbzk6f4zCoxTpS2JQHP1d8TBUmNmaSR7UwJjMyyNxP/8/wckpuw4DLLgUm6WJTkAoPCs/9xzDWjICaWEKq5vRXTEdGEgk2pZkPwll9eJd2LpnfVdB8uG63bMo4qOkGn6Bx56Bq10D1qow6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPCUaRFw==</latexit>

!"Veltman bound (1977) from      : 
<latexit sha1_base64="mT7znPLXHexNE9B8fGH+xwmb5Jk=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSIseix70WMF+QBvCZjtpl+4mYXcjlFAP/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tn7x+0VJxKCk0a81h2AqKAswiammkOnUQCEQGHdjC6nvrtB5CKxdG9HifgCTKIWMgo0Uby7SPhZzpOJj0OSikmcLXmPN5Ay7fLTsWZAS8TNydllKPh21+9fkxTAZGmnCjVdZ1EexmRmlEOk1IvVZAQOiID6BoaEQHKy2YPTPCpUfo4jKWpSOOZ+nsiI0KpsQhMpyB6qBa9qfif1011eOllLEpSDRGdLwpTjnWMp2ngPpNANR8bQqhk5lZMh0QSqk1mJROCu/jyMmmdV9xaxbmrlutXeRxFdIxO0Bly0QWqo1vUQE1E0QQ9o1f0Zj1ZL9a79TFvLVj5zCH6A+vzB2SDlkE=</latexit>

mtop ! 450 GeV
<latexit sha1_base64="bHoUBUAKJ4EGd0AkavmGTbKmpcw=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDoZAbJbdEFEhRTCFFhYRzAOSZZmdTJIhsw9mZoWwJJ2Nv2JjoYitn2Dn3zjZbKGJBy6cOede5t7jhowKaZrfWmZldW19I7uZ29re2d3T9w+aIog4Jg0csIC3XSQIoz5pSCoZaYecIM9lpOWOajO/9UC4oIF/L8chsT008GmfYiSV5OjHZXN6TZoV6DmyUrKSx7R4aXYLsGbcGqeOnjcNMwFcJlZK8iBF3dG/ur0ARx7xJWZIiI5lhtKOEZcUMzLJdSNBQoRHaEA6ivrII8KOk0MmsKCUHuwHXJUvYaL+noiRJ8TYc1Wnh+RQLHoz8T+vE8n+hR1TP4wk8fH8o37EoAzgLBXYo5xgycaKIMyp2hXiIeIIS5VdToVgLZ68TJolwzozzLtyvnqVxpEFR+AEFIEFzkEV3IA6aAAMHsEzeAVv2pP2or1rH/PWjJbOHII/0D5/AIr1lng=</latexit>

40 GeV < mt < 210 GeV (90%C.L. )Only after the Þrst Z-mass measurement 1989

2.

(5. UniÞcation in IR-free Susy theories and 5 generations)

(5.)

<latexit sha1_base64="P+IivpfHDqgA8pPM6iduy4rIalQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU01E0WNBQY8V7Ae0oWy203bpZhN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEAuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4JvNbT6g0j+SjmcToh3Qo+YAzajLp7A6bvXLFrbozkGXi5aQCOeq98le3H7EkRGmYoFp3PDc2fkqV4UzgtNRNNMaUjekQO5ZKGqL209mtU3JilT4ZRMqWNGSm/p5Iaaj1JAxsZ0jNSC96mfif10nM4NpPuYwTg5LNFw0SQUxEssdJnytkRkwsoUxxeythI6ooMzaekg3BW3x5mTTPq95l1X24qNRu8ziKcATHcAoeXEEN7qEODWAwgmd4hTcndF6cd+dj3lpw8plD+APn8wdw2Y3Z</latexit>

/GeV



- One of the Þrst integrations of RGEs in the SM for 
<latexit sha1_base64="ONXthSXJJMWXFM/CiB+iIToCFIM=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISUXRZdOOygn1AE8LNZNIOnTyYmQghduGvuHGhiFt/w51/47TNQlsPDBzOuYd75/gpZ1JZ1rextLyyurZe2ahubm3v7Jp7+x2ZZILQNkl4Ino+SMpZTNuKKU57qaAQ+Zx2/dHNxO8+UCFZEt+rPKVuBIOYhYyA0pJnHjrA0yF4rI5zT9Wxw3U2AM+sWQ1rCrxI7JLUUImWZ345QUKyiMaKcJCyb1upcgsQihFOx1UnkzQFMoIB7WsaQ0SlW0zvH+MTrQQ4TIR+scJT9XeigEjKPPL1ZARqKOe9ifif189UeOUWLE4zRWMyWxRmHKsET8rAAROUKJ5rAkQwfSsmQxBAlK6sqkuw57+8SDpnDfuiYd2d15rXZR0VdISO0Smy0SVqolvUQm1E0CN6Rq/ozXgyXox342M2umSUmQP0B8bnD9WZlVY=</latexit>

! i , yt , "

Mutatis mutandis

Cabibbo, Maiani, Parisi, Petronzio 1979

<latexit sha1_base64="cE3NBbd1lshRJJu4TMC1ziiRMms=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5JtkXE=</latexit>!

Degrassi et al 2013

<latexit sha1_base64="4sknIC2PYpRsKqcQj3nUY7Zch24=">AAAB8nicbVBNSwMxFMzWr1q/qh69BIvgqeyKoheh6MWDQgW3LWyXks1m29BssiRvhVL6M7x4UMSrv8ab/8a03YNWBwLDzDzy3kSZ4AZc98spLS2vrK6V1ysbm1vbO9XdvZZRuabMp0oo3YmIYYJL5gMHwTqZZiSNBGtHw+up335k2nAlH2CUsTAlfckTTglYKeje2mhMLu96fq9ac+vuDPgv8QpSQwWavepnN1Y0T5kEKogxgedmEI6JBk4Fm1S6uWEZoUPSZ4GlkqTMhOPZyhN8ZJUYJ0rbJwHP1J8TY5IaM0ojm0wJDMyiNxX/84IckotwzGWWA5N0/lGSCwwKT+/HMdeMghhZQqjmdldMB0QTCralii3BWzz5L2md1L2zunt/WmtcFXWU0QE6RMfIQ+eogW5QE/mIIoWe0At6dcB5dt6c93m05BQz++gXnI9vjv2Qxw==</latexit>

! = M U



<latexit sha1_base64="XFgsV/TQ9ACxsgKwYlyIknXiHaU="></latexit>

! ! 10! 4sec(
d

10 T eV
)2(

500 GeV
m!

)5
Now

<latexit sha1_base64="fyfQdFDoEfFBO5KVtpYuZXTmeSs=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZF0TJoYxnBPCAbwt3J7O6Qmd1hZlYJSxobf8XGQhFb/8HOv3HyKDTxwIXDOfdy7z2B5Ewb1/12CkvLK6trxfXSxubW9k55d6+p00wR2iApT1U7AE05S2jDMMNpWyoKIuC0FQyux37rnirN0uTODCXtCogSFjICxkq98qGUvmJRbECp9AH7JGaTikAI6JUrbtWdAC8Sb0YqaIZ6r/zl91OSCZoYwkHrjudK081BGUY4HZX8TFMJZAAR7ViagKC6m0++GOFjq/RxmCpbicET9fdEDkLroQhspwAT63lvLP7ndTITXnZzlsjM0IRMF4UZxybF40hwnylKDB9aAkQxeysmMSggxgZXsiF48y8vkuZp1TuvurdnldrVLI4iOkBH6AR56ALV0A2qowYi6BE9o1f05jw5L8678zFtLTizmX30B87nDw4cmOs=</latexit>pp ! !!"LHC/FCC:

3.



<latexit sha1_base64="G0xwdC5DnKnKFTwG0fSmnd1XSo8=">AAACD3icbVDLSgMxFM34rPVVdelmsCiu6kxRdFl047JCX9CpQyaTtqFJJiR3hDL0D9z4K25cKOLWrTv/xvSx0NYDgcM593JzTqQ4M+B5387S8srq2npuI7+5tb2zW9jbb5gk1YTWScIT3YqwoZxJWgcGnLaUplhEnDajwc3Ybz5QbVgiazBUtCNwT7IuIxisFBZO4sCwnsBnsQprcQB9CjhQOlGQuIbJ+/JUCgtFr+RN4C4Sf0aKaIZqWPgK4oSkgkogHBvT9j0FnQxrYITTUT5IDVWYDHCPti2VWFDTySZ5Ru6xVWK3m2j7JLgT9fdGhoUxQxHZSYGhb+a9sfif106he9XJmFQpUEmmh7opd23YcTluzDQlwIeWYKKZ/atL+lhjArbCvC3Bn4+8SBrlkn9R8u7Oi5XrWR05dIiO0Cny0SWqoFtURXVE0CN6Rq/ozXlyXpx352M6uuTMdg7QHzifP4HcnPQ=</latexit>

d�/dpT d✓ / sin2✓
<latexit sha1_base64="fqTkOJgByoYg2yIaGSnuMUcYM8A=">AAACFHicbVDLSgMxFM3UV62vqks3g0WoiHWmKLosunFZoS/ojCWTSdvQzCQkd4RS+hFu/BU3LhRx68Kdf2PazkJbDwQO59zLzTmB5EyD43xbmaXlldW17HpuY3Nreye/u9fQIlGE1ongQrUCrClnMa0DA05bUlEcBZw2g8HNxG8+UKWZiGswlNSPcC9mXUYwGKmTPwk9zXoRPgtlpxZ60KeAPamEBGEX3VOPCD0Tj+/LnXzBKTlT2IvETUkBpah28l9eKEgS0RgIx1q3XUeCP8IKGOF0nPMSTSUmA9yjbUNjHFHtj6ahxvaRUUK7K5R5MdhT9ffGCEdaD6PATEYY+nrem4j/ee0Eulf+iMUyARqT2aFuwm2TeNKQHTJFCfChIZgoZv5qkz5WmIDpMWdKcOcjL5JGueRelJy780LlOq0jiw7QISoiF12iCrpFVVRHBD2iZ/SK3qwn68V6tz5moxkr3dlHf2B9/gAPEZ4s</latexit>

d�/dpT d✓ / (1� cos ✓)2

<latexit sha1_base64="/jeB/0FITL395mcTAFQRSZJtMKU=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBJR9Fj04rGC/YAmlM120y7d7IbdjVpC/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvHlRaWmaK0CaRXKpOhDXlTNCmYYbTTqooTiJO29HoZuq3H6jSTIp7M05pmOCBYDEj2Fip51bagWKDocFKyUdEUSCynlv1at4MaJn4BalCgUbP/Qr6kmQJFYZwrHXX91IT5lgZRjidlINM0xSTER7QrqUCJ1SH+ez2CTqxSh/FUtkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTMTX4U5E2lmqCDzRXHGkZFoGgTqM0WJ4WNLMFHM3orIECtMjI2rbEPwF19eJq2zmn9R8+7Oq/XrIo4SHMExnIIPl1CHW2hAEwg8wTO8wpszcV6cd+dj3rriFDOH8AfO5w/GJ5RD</latexit>

W ! e!
<latexit sha1_base64="8TXJylgIP5PtdXhniW02Qvg9V64=">AAACK3icbVDLSgMxFM3Ud32NunQTLIIglBlRdFnqxqWCbYVOKZn0tg3NZIbkjlKG+j1u/BUXuvCBW//D9CFo64HA4ZxzubknTKQw6HnvTm5ufmFxaXklv7q2vrHpbm1XTZxqDhUey1jfhMyAFAoqKFDCTaKBRaGEWtg7H/q1W9BGxOoa+wk0ItZRoi04Qys13XIt0KLTRaZ1fEcDFLIFGQx+WKDSwe8A0EMaCWOE6twrSFEzaZpuwSt6I9BZ4k9IgUxw2XSfg1bM0wgUcsmMqftego2MaRRcwiAfpAYSxnusA3VLFYvANLLRrQO6b5UWbcfaPoV0pP6eyFhkTD8KbTJi2DXT3lD8z6un2D5rZEIlKYLi40XtVFKM6bA42hIaOMq+JYxrYf9KeZdpxtHWm7cl+NMnz5LqUdE/KXpXx4VSeVLHMtkle+SA+OSUlMgFuSQVwskDeSKv5M15dF6cD+dzHM05k5kd8gfO1zcVFalq</latexit>

W ! ÷e÷! ! e+ missing neutrals

2 years later, about 150 events with a perfect distribution           
<latexit sha1_base64="G1393pddMhtlCD/ZSeTEAnRsDrM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahHixJUfRY9OKxgv2AJpbNdtMu3WTD7qRQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6uwtr6xuVXcLu3s7u0f2IdHLS1TRVmTSiFVJyCaCR6zJnAQrJMoRqJAsHYwupv57TFTmsv4ESYJ8yMyiHnIKQEj9Wy74l54VGoPhgzI+VOtZ5edqjMHXiVuTsooR6Nnf3l9SdOIxUAF0brrOgn4GVHAqWDTkpdqlhA6IgPWNTQmEdN+Nr98is+M0sehVKZiwHP190RGIq0nUWA6IwJDvezNxP+8bgrhjZ/xOEmBxXSxKEwFBolnMeA+V4yCmBhCqOLmVkyHRBEKJqySCcFdfnmVtGpV96rqPFyW67d5HEV0gk5RBbnoGtXRPWqgJqJojJ7RK3qzMuvFerc+Fq0FK585Rn9gff4ACvOSoQ==</latexit>

(1� cos ✓)2

UA1, UA2, Feb 1983

6.

(7. 8.)

<latexit sha1_base64="fumyG8WbCQIm97m1rGRV+sj6e68=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVvz7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4ApUmPLA==</latexit>

!
<latexit sha1_base64="fumyG8WbCQIm97m1rGRV+sj6e68=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVvz7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4ApUmPLA==</latexit>

!

<latexit sha1_base64="lAyz5h0/wUgb0fSqNYpxjNNRoOM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPSb/RL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9a6q7sNlpXabx1GEEziFc/DgGmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPHzXejb8=</latexit>pT
<latexit sha1_base64="lAyz5h0/wUgb0fSqNYpxjNNRoOM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPSb/RL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9a6q7sNlpXabx1GEEziFc/DgGmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPHzXejb8=</latexit>pT



Prospects for         searches in a simpliÞed SSM at HL-LHC
<latexit sha1_base64="BC3wjSs08jQ97Ss+l3Dv0EMQHUQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLtGo0fUC0eM8khgQ2aHASbMzm5mek3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGd1O/+cS1EZF6xHHM/ZAOlOgLRtFKD9Wzm26x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/tp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaN87J3WXbvL0qV2yyOPBzBMZyCB1dQgSrUoA4MBvAMr/DmSOfFeXc+5q05J5s5hD9wPn8AkyONVA==</latexit>

H/A

Bagnaschi et al 2019
Cepeda et al 2019

Left: heavy superpartners       Right: lighter charginos/neutralinos

The direct search for supersymmetry is among the important
motivations for the next HE accelerator

Since 5/8 of Nicola works on BSM are in supersymmetry:



Remembering Nicola Cabibbo, the father of ßavour in the SM

1984 APE 

2005 NA48 

(No work in BSM after 1983)



EWPT versus FCNC: a signiÞcant comparison

measures EW loops measures FCNC loops
at about 20% level at about 20% level

A future facility (FCCee, ...)
could go to 2% level

An ÒaggressiveÓ ßavour program
could go to 2-4% level

! M B d

! M SM
B d

! M B s

! M SM
B s

Charles et al, 2020De Blas et al, 2019

SM



Bd

Bs

current Òphase IIÓ

Charles et al, 2020



Current constraints from selected EFT operators

 (*) = assuming maximal phases

Without proper suppression,
exclude even a weakly coupled NP at the MultiTeV

(in view of the following)
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Straub, 2018

Bs ! µ+ µ! B ! K ! µ+ µ"
mainly

If                      at 10%, crucialK + ! ! + ""

<latexit sha1_base64="EPHZ5/IkA3A7QNT3pBcIVogo9IY=">AAACG3icbVA9SwNBEN3zM8avqKXNYhAiQrgLipZBLVKkiGA+IBePuc0mWbJ7d+zuCeHI/7Dxr9hYKGIlWPhv3FxSaOKDgcd7M8zM8yPOlLbtb2tpeWV1bT2zkd3c2t7Zze3tN1QYS0LrJOShbPmgKGcBrWumOW1FkoLwOW36w+uJ33ygUrEwuNOjiHYE9APWYwS0kbxcqeD6IJPu2Ku6fRACPFfEWHnVE1y5P8UMuwL0gABPbsapVcFeLm8X7RR4kTgzkkcz1Lzcp9sNSSxooAkHpdqOHelOAlIzwuk468aKRkCG0KdtQwMQVHWS9LcxPjZKF/dCaSrQOFV/TyQglBoJ33ROLlXz3kT8z2vHunfZSVgQxZoGZLqoF3OsQzwJCneZpETzkSFAJDO3YjIACUSbOLMmBGf+5UXSKBWd86J9e5YvX83iyKBDdIQKyEEXqIwqqIbqiKBH9Ixe0Zv1ZL1Y79bHtHXJms0coD+wvn4Avx6f9w==</latexit>

( ødL ! µ sL )H + iDµ H
<latexit sha1_base64="DZm6dathU5GAsd40Ktdx/Q99i8U=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoMQEcKdKFoGtUiRIoL5gFw85jabZMnu3bG7J4Qjv8PGv2JjoYid2Phv3FxSaOKDgcd7M8zM8yPOlLbtbyuztLyyupZdz21sbm3v5Hf3GiqMJaF1EvJQtnxQlLOA1jXTnLYiSUH4nDb94fXEbz5QqVgY3OlRRDsC+gHrMQLaSF7eKbo+yESNvarbByHAc0WMfa96jCv3J5hhV4AeEODJzTi1Kl6+YJfsFHiRODNSQDPUvPyn2w1JLGigCQel2o4d6U4CUjPC6TjnxopGQIbQp21DAxBUdZL0tTE+MkoX90JpKtA4VX9PJCCUGgnfdE4OVfPeRPzPa8e6d9lJWBDFmgZkuqgXc6xDPMkJd5mkRPORIUAkM7diMgAJRJs0cyYEZ/7lRdI4LTnnJfv2rFC+msWRRQfoEBWRgy5QGVVQDdURQY/oGb2iN+vJerHerY9pa8aazeyjP7C+fgBVqp/L</latexit>

(øsL ! µ bL )H + iDµ H



Possible reactions
1. Assume NP WITHOUT any ßavour violation

WHY, given that ßavour IS violated in the SM?

2. ÒStrongÓ MFV
<latexit sha1_base64="YHJ9P8s1qJ0mswx4zMhAX9VkuwE=">AAACCXicbVC7TsMwFL0pr1JeAUYWiwqpLFXCQzBWsDAWibSV2ihyHKe16jywHaQq6srCr7AwgBArf8DG3+C2GaDlSJbOPedeXd/jp5xJZVnfRmlpeWV1rbxe2djc2t4xd/daMskEoQ5JeCI6PpaUs5g6iilOO6mgOPI5bfvD64nffqBCsiS+U6OUuhHuxyxkBCsteSZyaqfH3n1PsYjKWZH9LgLPrFp1awq0SOyCVKFA0zO/ekFCsojGinAsZde2UuXmWChGOB1XepmkKSZD3KddTWOsd7n59JIxOtJKgMJE6BcrNFV/T+Q4knIU+bozwmog572J+J/XzVR46eYsTjNFYzJbFGYcqQRNYkEBE5QoPtIEE8H0XxEZYIGJ0uFVdAj2/MmLpHVSt8/r1u1ZtXFVxFGGAziEGthwAQ24gSY4QOARnuEV3own48V4Nz5mrSWjmNmHPzA+fwAz4pgd</latexit>

U(3)q ! U(3)u ! U(3)d
<latexit sha1_base64="GkXvSbNdZ+f0eC6NltRZOBDr80k=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VooZTEKroRim5cVrAvmhAmk2k7dDKJMxOhhP6FG3/FjQtF3OrOv3H6QLT1wIXDOfdy7z1+zKhUlvVlZJaWV1bXsuu5jc2t7R1zd68ho0RgUscRi0TLR5IwykldUcVIKxYEhT4jTX9wNfab90RIGvFbNYyJG6Iep12KkdKSZ5bbXgIvYKFSgo6PRFoZleyic5egINf2gqlj/3hFz8xbZWsCuEjsGcmDGWqe+ekEEU5CwhVmSMqObcXKTZFQFDMyyjmJJDHCA9QjHU05Col008lfI3iklQB2I6GLKzhRf0+kKJRyGPq6M0SqL+e9sfif10lU99xNKY8TRTieLuomDKoIjkOCARUEKzbUBGFB9a0Q95FAWOkoczoEe/7lRdI4LtunZevmJF+9nMWRBQfgEBSADc5AFVyDGqgDDB7AE3gBr8aj8Wy8Ge/T1owxm9kHf2B8fANGHpuh</latexit>

Yu = (3 ,ø3, 1) Yd = (3 , 1,ø3)

3. ÒWeakÓ MFV

<latexit sha1_base64="MlDzVVYWtXpOVyFjcg12f+UtsKM=">AAACMnicbVDLSgMxFM3UV62vqks3wSK0UMpMUXQjFHWhuwr2AZ1S7mTSNjTzMMkIZeg3ufFLBBe6UMStH2HajqKtBwKHc87l5h4n5Ewq03w2UguLS8sr6dXM2vrG5lZ2e6cug0gQWiMBD0TTAUk582lNMcVpMxQUPIfThjM4H/uNOyokC/wbNQxp24Oez7qMgNJSJ3tlX1CuoBPhU5wvF7HtgIjLo6JVsG8jcDOJ7U5t6yeQ2PVv3Sp0sjmzZE6A54mVkBxKUO1kH203IJFHfUU4SNmyzFC1YxCKEU5HGTuSNAQygB5taeqDR2U7npw8wgdacXE3EPr5Ck/U3xMxeFIOPUcnPVB9OeuNxf+8VqS6J+2Y+WGkqE+mi7oRxyrA4/6wywQlig81ASKY/ismfRBAlG45o0uwZk+eJ/VyyToqmdeHucpZUkca7aF9lEcWOkYVdImqqIYIukdP6BW9GQ/Gi/FufEyjKSOZ2UV/YHx+AUsCpKY=</latexit>

! u = (2 , ø2, 1) ! d = (2 , 1, ø2) V = (2 , 1, 1)

<latexit sha1_base64="PpD5Z1MwLqxw1oQstzyYjV2m8CU=">AAACCXicbVDLSsNAFL3xWesr6tLNYBHqpiRF0WXRjcsKpi20IUwmk3bo5OHMRCihWzf+ihsXirj1D9z5N07bLGrrgYFzz7mXO/f4KWdSWdaPsbK6tr6xWdoqb+/s7u2bB4ctmWSCUIckPBEdH0vKWUwdxRSnnVRQHPmctv3hzcRvP1IhWRLfq1FK3Qj3YxYygpWWPBM51fqZ99BTLKJyVmTzReCZFatmTYGWiV2QChRoeuZ3L0hIFtFYEY6l7NpWqtwcC8UIp+NyL5M0xWSI+7SraYz1LjefXjJGp1oJUJgI/WKFpur8RI4jKUeRrzsjrAZy0ZuI/3ndTIVXbs7iNFM0JrNFYcaRStAkFhQwQYniI00wEUz/FZEBFpgoHV5Zh2AvnrxMWvWafVGz7s4rjesijhIcwwlUwYZLaMAtNMEBAk/wAm/wbjwbr8aH8TlrXTGKmSP4A+PrFy8mmBo=</latexit>

U(2)q ! U(2)u ! U(2)d

AD HOC:

Explains qualitatively the pattern of masses and mixings

minimally broken by

minimally broken by

<latexit sha1_base64="0pVwWi+NPfnR1w85DtPUUJBQ9Zo=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZK22roQim5cVrAPaWOYTCft0MmDeQgh9DfcuFDErT/jzr9x0kZQ0QMXDufcy733eDGjQlrWh1FYWl5ZXSuulzY2t7Z3yrt7XREpjkkHRyzifQ8JwmhIOpJKRvoxJyjwGOl508vM790TLmgU3sgkJk6AxiH1KUZSS8NbV92ltdrsPHGlW65YZuPUrlab0DKtOTJinzXrdWjnSgXkaLvl9+EowiogocQMCTGwrVg6KeKSYkZmpaESJEZ4isZkoGmIAiKcdH7zDB5pZQT9iOsKJZyr3ydSFAiRBJ7uDJCciN9eJv7lDZT0m05Kw1hJEuLFIl8xKCOYBQBHlBMsWaIJwpzqWyGeII6w1DGVdAhfn8L/Sbdq2iemdV2vtC7yOIrgAByCY2CDBmiBK9AGHYBBDB7AE3g2lPFovBivi9aCkc/sgx8w3j4B6HyRnA==</latexit>

Y 33
u = yt is not a small breaking parameter

<latexit sha1_base64="nFl+CHBxc6fsjSuUtLlzx/QcLYM="></latexit>

�u, �d, V ! 4 á10! 2in terms of

Can result from a suitable accidental symmetry

Flavour symmetric interactions still need to be blocked

In any case, watch 
<latexit sha1_base64="31VeeEtnWWmsfvrikudLuzod4/k=">AAAB+nicbVBNTwIxEJ3FL8SvRY9eGomJJ7JrNHokevGIiXwksCHdUqDQbTdtV0JWfooXDxrj1V/izX9jgT0o+JJJXt6bycy8MOZMG8/7dnJr6xubW/ntws7u3v6BWzysa5koQmtEcqmaIdaUM0FrhhlOm7GiOAo5bYSj25nfeKRKMykezCSmQYT7gvUYwcZKHbcYx23F+gODlZJjNETDjlvyyt4caJX4GSlBhmrH/Wp3JUkiKgzhWOuW78UmSLEyjHA6LbQTTWNMRrhPW5YKHFEdpPPTp+jUKl3Uk8qWMGiu/p5IcaT1JAptZ4TNQC97M/E/r5WY3nWQMhEnhgqyWNRLODISzXJAXaYoMXxiCSaK2VsRGWCFibFpFWwI/vLLq6R+XvYvy979Ralyk8WRh2M4gTPw4QoqcAdVqAGBMTzDK7w5T86L8+58LFpzTjZzBH/gfP4AMYGT8g==</latexit>

pp ! jj
<latexit sha1_base64="levLhQ6XkguUnXJplBj7ELTEYsI=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJKLosunHhokJf0IQymUzaoZNJmJkIpVbwV9y4UMStv+HOv3HaZqGtBwYO55zLvXOClDOlHefbKiwtr6yuFddLG5tb2zv27l5TJZkktEESnsh2gBXlTNCGZprTdiopjgNOW8HgeuK37qlULBF1PUypH+OeYBEjWBupax94tyYcYuT1tEnFyHUe67TZtctOxZkCLRI3J2XIUevaX16YkCymQhOOleq4Tqr9EZaaEU7HJS9TNMVkgHu0Y6jAMVX+aHr/GB0bJURRIs0TGk3V3xMjHCs1jAOTjLHuq3lvIv7ndTIdXfojJtJMU0Fmi6KMI52gSRkoZJISzYeGYCKZuRWRPpaYaFNZyZTgzn95kTRPK+55xbk7K1ev8jqKcAhHcAIuXEAVbqAGDSDwAM/wCm/Wk/VivVsfs2jBymf24Q+szx/AqpVI</latexit>

! ! 10 T eVfrom 4q op.s



Main constraints from weak MFV
(Similar, with some speciÞc correlations in strong MFV         )

An estimate
! /T eV

Competitive with direct searches in strongly coupled theories

 (*) = assuming maximal phases

<latexit sha1_base64="pNfS5JzzJ5/roNqTp5w2LSG1JJs=">AAAB73icdVDLTgIxFO3gC/GFuHTTSIywmbT4AHckLnSJiQMkMJJOKdDQedh2TMiEn3DjQmPc+iH+gDv9GsvDRI2e5CYn59ybe+/xIsGVRujdSi0sLi2vpFcza+sbm1vZ7VxdhbGkzKGhCGXTI4oJHjBHcy1YM5KM+J5gDW94NvEbt0wqHgZXehQx1yf9gPc4JdpIzYJTKBWvD4udbB7Z5coRLiOIbDSFIRif4FME8VzJVw/iV1t+5Gqd7Fu7G9LYZ4GmgijVwijSbkKk5lSwcaYdKxYROiR91jI0ID5TbjK9dwz3jdKFvVCaCjScqt8nEuIrNfI90+kTPVC/vYn4l9eKda/iJjyIYs0COlvUiwXUIZw8D7tcMqrFyBBCJTe3QjogklBtIsqYEL4+hf+TesnGxza6NGmcgxnSYBfsgQLAoAyq4ALUgAMoEOAOPIBH68a6t56s51lryprP7IAfsF4+AV+BkeM=</latexit>

(U(2)3)
<latexit sha1_base64="1DcoJgD2D02QhORMoo/Z80QUsTc=">AAAB73icbVDLTgJBEOzFF+IL8ehlIjHChexKjB5JPOgRExdIYCWzwyxMmJ1dZ2ZNyIaf8OJBY7z6If6AN/0ah8dBwUo6qVR1p7vLjzlT2ra/rMzK6tr6RnYzt7W9s7uX3y80VJRIQl0S8Ui2fKwoZ4K6mmlOW7GkOPQ5bfrDy4nffKBSsUjc6lFMvRD3BQsYwdpIrZJbqpbvquVuvmhX7CnQMnHmpFg7ST4q8rtQ7+Y/O72IJCEVmnCsVNuxY+2lWGpGOB3nOomiMSZD3KdtQwUOqfLS6b1jdGyUHgoiaUpoNFV/T6Q4VGoU+qYzxHqgFr2J+J/XTnRw4aVMxImmgswWBQlHOkKT51GPSUo0HxmCiWTmVkQGWGKiTUQ5E4Kz+PIyaZxWnLOKfWPSuIIZsnAIR1ACB86hBtdQBxcIcHiEZ3ix7q0n69V6m7VmrPnMAfyB9f4DH4qRtw==</latexit>

(U(3)3)



Flavour in composite Higgs

1. The top

m! = g! f

f
mH

What is the radius of Higgs compositeness, if any? lH = 1 /m !

m! = scale of Higgs compositeness

H = pNGB

= scale of symmetry breakingf

<latexit sha1_base64="F8j4AmH6ORbqJi/GpOe/WZD15hA="></latexit>

L 4top =
y2

t

m2
!

[x2
t (øqL 3! µ qL 3)2 + (øqL 3tR )(øtR qL 3) +

1
x2

t
(øtR ! µ tR )2]

<latexit sha1_base64="F+XffkyFkJtlYvq7furXO85mG/o=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSKIi5L4QBcVCrpw4aKKfUBbw2Q6aYdOHszcSEvIh7jxV9y4UMSNC8G/cZJ2oa0XZjhzzrncuccJOZNgmt9abm5+YXEpv1xYWV1b39A3t+oyiAShNRLwQDQdLClnPq0BA06boaDYczhtOIOLVG88UCFZ4N/BKKQdD/d85jKCQVG2ftR2BSbxyIYk7t0fJOWhDedjbmhfJ+q6TcrjdypnRlsvmiUzK2MWWBNQRJOq2vpnuxuQyKM+EI6lbFlmCJ0YC2CE06TQjiQNMRngHm0p6GOPyk6cLZcYe4rpGm4g1PHByNjfHTH2pBx5jnJ6GPpyWkvJ/7RWBO5ZJ2Z+GAH1yXiQG3EDAiNNyugyQQnwkQKYCKb+apA+VkmAyrOgQrCmV54F9cOSdVIyb46LlctJHHm0g3bRPrLQKaqgK1RFNUTQI3pGr+hNe9JetHftY2zNaZOebfSntK8f9aujKQ==</latexit>

yt

g! < x t =
xL

xR
<

g!

yt

2. The other fermions
<latexit sha1_base64="AZCVOtlU2E9Jw6T2zRI/oPerEeA="></latexit>

L top
Y ! L full

Y ; L 4top ! L full
(d> 4)

Use weak/strong MFV as minimal choice to ÒalignÓ       and
<latexit sha1_base64="Tfivhi/tXzZ0Qsg1vTGLY6cQPtM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURRZcFXbhwUcE+pI1hMp20QycPZiZCDcFfceNCEbf+hzv/xkmbhbYeGDiccy9z7vFizqSyrG+jtLC4tLxSXq2srW9sbpnbOy0ZJYLQJol4JDoelpSzkDYVU5x2YkFx4HHa9kYXud9+oEKyKLxV45g6AR6EzGcEKy255l4vwGpIME+vM/fuPvUTzjPXrFo1awI0T+yCVKFAwzW/ev2IJAENFeFYyq5txcpJsVCMcJpVeomkMSYjPKBdTUMcUOmkk/QZOtRKH/mR0C9UaKL+3khxIOU48PRknlXOern4n9dNlH/upCyME0VDMv1I34dUhPIqUJ8JShQfa4KJYDorIkMsMFG6sIouwZ49eZ60jmv2ac26OanWL4s6yrAPB3AENpxBHa6gAU0g8AjP8ApvxpPxYrwbH9PRklHs7MIfGJ8/L8SVtA==</latexit>

L full
Y

<latexit sha1_base64="gBk759zn69a+2H0yQr6FqvlXZxk=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUmkoisp6MKFiwr2AW0Mk8mkHTqZhJmJUELAjb/ixoUibv0Jd/6NkzYLbT0wcDjnXuae48WMSmVZ38bC4tLyympprby+sbm1be7stmWUCExaOGKR6HpIEkY5aSmqGOnGgqDQY6TjjS5zv/NAhKQRv1PjmDghGnAaUIyUllxzvx8iNcSIpTeZm1b9i/pxdp8GCWOZa1asmjUBnCd2QSqgQNM1v/p+hJOQcIUZkrJnW7FyUiQUxYxk5X4iSYzwCA1IT1OOQiKddJIhg0da8WEQCf24ghP190aKQinHoacn84vlrJeL/3m9RAXnTkp5nCjC8fQjnQ+qCOaFQJ8KghUba4KwoPpWiIdIIKx0bWVdgj0beZ60T2r2ac26rVcaV0UdJXAADkEV2OAMNMA1aIIWwOARPINX8GY8GS/Gu/ExHV0wip098AfG5w/vIpe2</latexit>

L full
(d> 4)

<latexit sha1_base64="NoUen/fTIsWFRc/Q6EwZ+V8b3h8=">AAACAXicbVDLSsNAFJ3UV62vqBvBhYNFECwlEUSXBRe6rGAf0MQwmU7aoZNH5yGUUDf+ihsXirgS/At3gh/hJzhpu9DWA/dyOOdeZu7xE0aFtKxPIzc3v7C4lF8urKyurW+Ym1t1ESuOSQ3HLOZNHwnCaERqkkpGmgknKPQZafi988xv3BIuaBxdy0FC3BB1IhpQjKSWPHPnyOkr1IZ9j5Ygy1r9BnlOqDyzaJWtEeAssSekWLG/vvfeSqWqZ3447RirkEQSMyREy7YS6aaIS4oZGRYcJUiCcA91SEvTCIVEuOnogiE80EobBjHXFUk4Un9vpCgUYhD6ejJEsiumvUz8z2spGZy5KY0SJUmExw8FikEZwywO2KacYMkGmiDMqf4rxF3EEZY6tIIOwZ4+eZbUj8v2Sdm60mlcgDHyYBfsg0Ngg1NQAZegCmoAgzvwAJ7As3FvPBovxut4NGdMdrbBHxjvPyJjmRU=</latexit>

+ qi , l i , V a
µ

<latexit sha1_base64="fteOdQNToOMwM130aLXRIQxTpdQ="></latexit>

L top
Y (m! ) = g! xL xR øqL 3Ht R , xL,R ! 1 yt = g! xL xR

OH : < 0|OH |H > != 0



m! [T eV]

g!

nEDM

eEDM

! Bs = 2

! Bs = 1

! " # $ %& %! %"

!

"

#

$

%&

!
O(1) -factors possible in either direction

- maximal phases assumed for the EDMs

green

yellow

- sensitivity on                 improvable by a factor of 2! Bs = 1 , 2

<latexit sha1_base64="7Aetxd2o1aJ6hKaal6x8rTqyQNk=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjxWsB/QhrLZbtq1m03YnYgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJn4zUeujYjVPY4S7ke0r0QoGEUrNZ66SK68bqnsVtwpyCLxclKGHLVu6avTi1kacYVMUmPanpugn1GNgkk+LnZSwxPKhrTP25YqGnHjZ9Nrx+TYKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXvqZUEmKXLHZojCVBGMyeZ30hOYM5cgSyrSwtxI2oJoytAEVbQje/MuLpHFa8c4r7t1ZuXqdx1GAQziCE/DgAqpwCzWoA4MHeIZXeHNi58V5dz5mrUtOPnMAf+B8/gC88Y6T</latexit>

x t = 1Exclusion plot

Current (main) ßavour bounds with weak MFV



!
O(1) -factors possible in either direction

Higgs couplings, EWPT summary

g!

m! [T eV]

ÒOff-shellÓ 

ÒOn-shellÓ 

Drell-Yan

blue

red

- dotted lines = foreseen sensitivity at HL-LHC

m! [T eV]

g!

nEDM

eEDM

! Bs = 2

! Bs = 1

! " # $ %& %! %"

!

"

#

$

%&

Current ßavour with weak MFV
- sensitivity on                 improvable by a factor of 2! Bs = 1 , 2

- maximal phases assumed for the EDMs

Exclusion plots compared



3. The scale of Higgs compositeness explorable
 beyond the reach of direct searches at LHC
with a key ÒunavoidableÓ role of ßavour

Remembering Nicola Cabibbo, the father of ßavour in the SM

1. To turn the SM into a ST still premature,
in spite of its empirical success
(in my view mostly because of its unpredicted 17-2=15 masses)
The strongest motivation for the next HE collider

2. Precision in ßavour offers an ÒindirectÓ discovery 
 potential for NP at MultiTeV, if any, before

  the next HE collider



Back up



Precision in composite Higgs

- Higgs couplings

- ßavour-less ElectroWeak observables

c! ! g2
! /m 2

!

DiBoson production: W h, Zh, W Z, W W
Drell-Yan            at high l+ l ! , l ! mll , mT

ll

Pole observables: mW , sin ! l
ef f cW ! 1/m 2

!

c2W ! 1/g 2
! m2

!

cW ! 1/m 2
!

m! = scale of Higgs compositeness

H = pNGBm! = g! f

f
mH

What is the radius of Higgs compositeness, if any? lH = 1 /m !

= scale of symmetry breakingf

- ßavour observables g2
! /m 2

! , g! /m 2
! , 1/m 2

!



Higgs couplings, EWPT summary

!
O(1) -factors possible in either direction

g!

m! [T eV]

ÒOff-shellÓ now

ÒOn-shellÓ now

Drell-Yan

blue

red

- dotted lines = foreseen sensitivity at HL-LHC

Exclusion plot



Flavour in composite Higgs

m! = scale of Higgs compositeness

H = pNGBm! = g! f

f
mH

- standard fermions    elementary, but connected in some (unspeciÞed)f a
i

way to a composite operator OH : < 0|OH |H > != 0

- below a scale     ,        enter      multiplied by dimensionless! F tL,R L Y ! L,R

L top =
! 4

F

g2
! F

[L 0(
! t

L qL 3

! 3/ 2
F

,
! t

R tR

! 3/ 2
F

,
Dµ

! F
,

OH

! dH
F

) +
g2

! F

16" 2 L 1 + . . . ]

- from NDA: ([OH ] ! dH " 2)

! L top
Y (! F ) =

xL xR

! dH ! 1
F

øqL 3OH tR , xL,R =
! t

L,R

g! F

OH ! g! mdH " 1
! Hor, after                      ,      yt = g! xL xR (

m!

! F
)dH " 1



Flavour observables in composite Higgs

as above! /T eV

How      scales with      in a meaningful composite Higgs picture
<latexit sha1_base64="FhTp5dY4TOiPhQIqY0I8VsBMRqc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoMevEY0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJKPdpzQUOCBZDEj2DrpQfTOeuWKX/VnQMskyEkFctR75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nFUYkFNmM1OnaATp/RRrLQradFM/T2RYWHMWESuU2A7NIveVPzP66Q2vg4zJpPUUknmi+KUI6vQ9G/UZ5oSy8eOYKKZuxWRIdaYWJdOyYUQLL68TJrn1eCy6t9fVGo3eRxFOIJjOIUArqAGd1CHBhAYwDO8wpvHvRfv3fuYtxa8fOYQ/sD7/AHxlY2S</latexit>m!

<latexit sha1_base64="lgzjjnbidWVOBbOf7EJkP6TvK8c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREFD0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVI44T7kd0oEQoGEUrPQx6Z71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbz2M6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOpdVt37i0rtJo+jCEdwDKfgwRXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/ocY2M</latexit>g!

<latexit sha1_base64="dfxZdyb07Ctbxce6E2zSiX0FMGM=">AAACD3icbZC7TsMwFIYdrqXcAowsFhUIMVQJAsHQoYKFsUj0IrVR5LhOa9VxIvsEEUV9AxZehYUBhFhZ2Xgb3MsALUey9Ov7z9Hx+YNEcA2O820tLC4tr6wW1orrG5tb2/bObkPHqaKsTmMRq1ZANBNcsjpwEKyVKEaiQLBmMLge+c17pjSP5R1kCfMi0pM85JSAQb591AkVoXnmwzDv+SfDCn7wAVfwBI/I2PPtklN2xoXnhTsVJTStmm9/dboxTSMmgQqiddt1EvByooBTwYbFTqpZQuiA9FjbSEkipr18fM8QHxrSxWGszJOAx/T3RE4irbMoMJ0Rgb6e9UbwP6+dQnjp5VwmKTBJJ4vCVGCI8Sgc3OWKURCZEYQqbv6KaZ+YJMBEWDQhuLMnz4vGadk9Lzu3Z6Xq1TSOAtpHB+gYuegCVdENqqE6ougRPaNX9GY9WS/Wu/UxaV2wpjN76E9Znz/sqJyW</latexit>yt

g!
< x t <

g!

yt

 (*) = assuming maximal phases



Banelli et al 2020

ATLAS 2019

CMS 2019

Four tops           in weak MFV 
<latexit sha1_base64="NijWZHmbTLP82xhIxD3osVgDL38=">AAACB3icdVDLSgMxFM3UV62vqktBgkVwVTJt1XZXdOOygn1AW0omzbShmQfJHaUM3bnxV9y4UMStv+DOvzFtp6CiBy73cM69JPc4oRQaCPm0UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDFTLoZpL4fM6CJC8FSpOPUfypjO6nPrNW660CPwbGIe869GBL1zBKBiplz0Mw44SgyFQpYI7DB2Hqhgmi97L5kj+rFwpEIJJnsxgiF0ilWIR24mSQwlqvexHpx+wyOM+MEm1btskhG5MFQgm+STTiTQPKRvRAW8b6lOP6248u2OCj43Sx26gTPmAZ+r3jZh6Wo89x0x6FIb6tzcV//LaEbjlbiz8MALus/lDbiQxBHgaCu4LxRnIsSGUKWH+itmQKsrARJcxISwuxf+TRiFvn+bJdSlXvUjiSKMDdIROkI3OURVdoRqqI4bu0SN6Ri/Wg/VkvVpv89GUlezsox+w3r8Azp6ajw==</latexit>

pp ! tøtt øt

g!

m! [T eV]

now

HL-LHC

(With some excesses in multilepton + jets in current data)

<latexit sha1_base64="F8j4AmH6ORbqJi/GpOe/WZD15hA="></latexit>

L 4top =
y2

t

m2
!

[x2
t (øqL 3! µ qL 3)2 + (øqL 3tR )(øtR qL 3) +

1
x2

t
(øtR ! µ tR )2]

Comparable, but conceptually very different from Higgs, EWPT Òon-shellÓ

<latexit sha1_base64="E2jKUOnKM5RbRcQMfSl3KxQeGLc=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCeCiJKHoRil48VrAf0Iaw2W7apZtN2J2IJQT8K148KOLV3+HNf+O2zUFbHww83pthZl6QCK7Bcb6thcWl5ZXV0lp5fWNza9ve2W3qOFWUNWgsYtUOiGaCS9YADoK1E8VIFAjWCoY3Y7/1wJTmsbyHUcK8iPQlDzklYCTf3n/0AV/hbqgIzUY+5FnfP8l9u+JUnQnwPHELUkEF6r791e3FNI2YBCqI1h3XScDLiAJOBcvL3VSzhNAh6bOOoZJETHvZ5PwcHxmlh8NYmZKAJ+rviYxEWo+iwHRGBAZ61huL/3mdFMJLL+MySYFJOl0UpgJDjMdZ4B5XjIIYGUKo4uZWTAfEJAEmsbIJwZ19eZ40T6vuedW5O6vUros4SugAHaJj5KILVEO3qI4aiKIMPaNX9GY9WS/Wu/UxbV2wipk99AfW5w/b2ZVt</latexit>

x t =
yt

g!
Exclusion plot           or

<latexit sha1_base64="Wi1pXzDq4Wzvl3zedCqnf53KWsk=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCeCiJKHoRil48VrAf0Iaw2W7apZtN2J2IJQT8K148KOLV3+HNf+O2zUFbHww83pthZl6QCK7Bcb6thcWl5ZXV0lp5fWNza9ve2W3qOFWUNWgsYtUOiGaCS9YADoK1E8VIFAjWCoY3Y7/1wJTmsbyHUcK8iPQlDzklYCTf3n/0AV/hbqgIzfr+SZ6NfMh9u+JUnQnwPHELUkEF6r791e3FNI2YBCqI1h3XScDLiAJOBcvL3VSzhNAh6bOOoZJETHvZ5PwcHxmlh8NYmZKAJ+rviYxEWo+iwHRGBAZ61huL/3mdFMJLL+MySYFJOl0UpgJDjMdZ4B5XjIIYGUKo4uZWTAfEJAEmsbIJwZ19eZ40T6vuedW5O6vUros4SugAHaJj5KILVEO3qI4aiKIMPaNX9GY9WS/Wu/UxbV2wipk99AfW5w/aDZVt</latexit>

x t =
g!

yt

<latexit sha1_base64="3y/upbdxA7xLeSgDjJ9mAh03OSY=">AAACIXicbVDLSgMxFM34rPU16tJNsAjiosyIYhcVim5cuKhiH9CWIZNm2tDMg+SOtAzzK278FTcuFOlO/BnTdhbaeiDhcM65JPe4keAKLOvLWFpeWV1bz23kN7e2d3bNvf26CmNJWY2GIpRNlygmeMBqwEGwZiQZ8V3BGu7gZuI3nphUPAweYRSxjk96Afc4JaAlxyy1PUloMnIgTXrOaYpxeegAvsIzfejcpfp6SMuZMMlM045ZsIrWFHiR2BkpoAxVxxy3uyGNfRYAFUSplm1F0EmIBE4FS/PtWLGI0AHpsZamAfGZ6iTTDVN8rJUu9kKpTwB4qv6eSIiv1Mh3ddIn0Ffz3kT8z2vF4JU6CQ+iGFhAZw95scAQ4klduMsloyBGmhAquf4rpn2imwBdal6XYM+vvEjqZ0X7omjdnxcq11kdOXSIjtAJstElqqBbVEU1RNEzekXv6MN4Md6MT2M8iy4Z2cwB+gPj+wfkLqP7</latexit> yt

g!
< x t =

xL

xR
<

g!

yt



B, Dvali, Hall 1995

1. Under U(2): Q1,2 ! Q; u1,2 ! u; d1,2 ! d =

Q3; u3; d3

(with different   Õs for      and      )! Y U Y D

Still pending question: Why                            ?Y U != Y D (mt >> m b)

!

2. U(2) broken by

L Y = [ ! 33Q3u3 + ! 23(Q! )u3 + ! 32Q3(! u) + ! 22(Q! )( ! u) + ! 12(Q" u)]H

Y U,D =

!

"
0 ! 12"! 0

! ! 12"! ! 22"2 ! 23"
0 ! 32" ! 33

#

$

Mass-angle relations in U(2) ! SU(2)f " U(1)f

21

10=

! a = ø2! 1 ! [ab] = 1! 2

U(2) !" U(1)f !" 0

(in full generality) < ! > =
!

0
!

"
< ! > = "!"ab



Roberts et al 2001

cd = cos ! d, sd = sin ! d

R =
sd!
cd

!
md

ms

ms

mb|Vcb|

!
!
!
!
Vub

Vcb

!
!
!
! =

!
!
!
!

"
mu

mc
! e! i ( ! 1 + ! 2 ) R

!
!
!
!

Vus =

!
!
!
!

"
md

ms

!
cd " ei ! 1

"
mu

mc

!
!
!
!

!
!
!
!
Vtd

Vcb

!
!
!
! =

!
!
!
!

"
md

ms

!
cd " ei ! 2 R

!
!
!
!

! 1 = ! 2 = " / 2

sd

Mass-angle relations as functions of
<latexit sha1_base64="G6lEfS0QBOQuwpSwNm0+8jnThTo=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hqi+1FCl48VrAfkIay2WzapZtN2J0IpfRnePGgiFd/jTf/jds2goo+GHi8N8PMvCAVXIPjfFiFtfWNza3idmlnd2//oHx41NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTK4Xfu+eKc0TeQfTlPkxGUkecUrASJ7mcgBjBmQYDssVx6433UatiR3bWcIQt+o2LmrYzZUKytEelt8HYUKzmEmggmjtuU4K/owo4FSweWmQaZYSOiEj5hkqScy0P1uePMdnRglxlChTEvBS/T4xI7HW0zgwnTGBsf7tLcS/PC+DqOHPuEwzYJKuFkWZwJDgxf845IpREFNDCFXc3IrpmChCwaRUMiF8fYr/J92q7dZt57ZWaV3lcRTRCTpF58hFl6iFblAbdRBFCXpAT+jZAuvRerFeV60FK585Rj9gvX0C2cGRng==</latexit>

sin ! d

low

high

sd

sd

<latexit sha1_base64="PxczR7COfPA7F8VgpXEEGMmh590=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZnxgq5E0IXLCrZVOnXIpGfaYCYzJmeEMvQt3Pgqblwo4lZ3vo3pZaHVAwkf/38OyfnDVAqDrvvlTE3PzM7NFxaKi0vLK6ultfW6STLNocYTmeirkBmQQkENBUq4SjWwOJTQCG9PB37jHrQRibrEXgqtmHWUiARnaKWgVPEjzXh+fXMW5Lt7/f6I9iz5cJeJe+ojU/bqArKgXQxKZbfiDov+BW8MZTKualD69NsJz2JQyCUzpum5KbZyplFwCf2inxlIGb9lHWhaVCwG08qHe/XptlXaNEq0PQrpUP05kbPYmF4c2s6YYddMegPxP6+ZYXTUyoVKMwTFRw9FmaSY0EFItC00cJQ9C4xrYf9KeZfZoNBGOQjBm1z5L9R3K95Bxb3YL58cj+MokE2yRXaIRw7JCTknVVIjnDyQJ/JCXp1H59l5c95HrVPOeGaD/Crn4xtzUZ9y</latexit>

Y D
23

Y D
33

! tan ! d



LHCb 2020



from LR gluino-sbottom box diagram

at             
<latexit sha1_base64="Ytv3SInhWnvEgvfR3taVdW9WxSA=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURRY9FLx4r2A9oQ9hsNu3SzSbsTsQSCl78K148KOLVP+HNf+O2zUFbHww83pthZl6QCq7Bcb6t0tLyyupaeb2ysbm1vWPv7rV0kinKmjQRieoERDPBJWsCB8E6qWIkDgRrB8Prid++Z0rzRN7BKGVeTPqSR5wSMJJvH2guezBgQPwQ90iaquQBt/ycBmPfrjo1Zwq8SNyCVFGBhm9/9cKEZjGTQAXRuus6KXg5UcCpYONKL9MsJXRI+qxrqCQx014+/WGMj40S4ihRpiTgqfp7Iiex1qM4MJ0xgYGe9ybif143g+jSy7lMM2CSzhZFmcCQ4EkgOOSKURAjQwhV3NyK6YAoQsHEVjEhuPMvL5LWac09rzm3Z9X6VRFHGR2iI3SCXHSB6ugGNVATUfSIntErerOerBfr3fqYtZasYmYf/YH1+QMra5fa</latexit>

sin ! d ! Vcb

<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R
<latexit sha1_base64="G/h7zAJ/0ODqpQyW6tcXQqlf0Y4=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0Wom5IURZdFN26ECvYBbQyT6aQdOpmEmYlQhqzd+CtuXCji1i9w5984bbPQ1gMXDufcy733BAmjUjnOt1VYWl5ZXSuulzY2t7Z37N29loxTgUkTxywWnQBJwignTUUVI51EEBQFjLSD0dXEbz8QIWnM79Q4IV6EBpyGFCNlJN8+rPRCgbCWfj/TLV/jIMtmipvpm+zkvubbZafqTAEXiZuTMsjR8O2vXj/GaUS4wgxJ2XWdRHkaCUUxI1mpl0qSIDxCA9I1lKOISE9PX8ngsVH6MIyFKa7gVP09oVEk5TgKTGeE1FDOexPxP6+bqvDC05QnqSIczxaFKYMqhpNcYJ8KghUbG4KwoOZWiIfIBKFMeiUTgjv/8iJp1aruWdW5PS3XL/M4iuAAHIEKcME5qINr0ABNgMEjeAav4M16sl6sd+tj1lqw8pl98AfW5w+Uh5rQ</latexit>

(
sd

Vcb

1
M

)2scales as

Now 
<latexit sha1_base64="ejlH9DASVr42YLdkOgULHISLd1U=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgadktih6LXjxWsR/QriWbzrahSXZJskpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRINnEloGGY4tBMFRIQcWuHoeuq3HkFpFst7M04gEGQgWcQoMVZ6uMNdDlprJrDnVnvliud6M+Bl4uekgnLUe+Wvbj+mqQBpKCdad3wvMUFGlGGUw6TUTTUkhI7IADqWSiJAB9ns6gk+sUofR7GyJQ2eqb8nMiK0HovQdgpihnrRm4r/eZ3URJdBxmSSGpB0vihKOTYxnkaA+0wBNXxsCaGK2VsxHRJFqLFBlWwI/uLLy6RZdf1z17s9q9Su8jiK6Agdo1PkowtUQzeojhqIIoWe0St6c56cF+fd+Zi3Fpx85hD9gfP5AwDbkYg=</latexit>

R ! 0.2

<latexit sha1_base64="HhZVr6nhBFjub/JgSX4oaKOk4JM=">AAACI3icbVDLSgMxFM3UV62vqks3wSK4KjOiKK6KuhBEqI8+oFNLJr3ThmZmQpIRyzD/4sZfceNCKW5c+C+mj0WtHggczjmXm3s8wZnStv1lZebmFxaXssu5ldW19Y385lZVRbGkUKERj2TdIwo4C6GimeZQFxJI4HGoeb3zoV97BKlYFN7rvoBmQDoh8xkl2kit/OktdokQMnrCri8JTdwL4JpgF4Ri3CSuHhIVq36aJtPS3XWatvIFu2iPgP8SZ0IKaIJyKz9w2xGNAwg15USphmML3UyI1IxySHNurEAQ2iMdaBgakgBUMxndmOI9o7SxH0nzQo1H6vREQgKl+oFnkgHRXTXrDcX/vEas/ZNmwkIRawjpeJEfc6wjPCwMt5kEqnnfEEIlM3/FtEtMVdrUmjMlOLMn/yXVg6JzVLRvDguls0kdWbSDdtE+ctAxKqFLVEYVRNEzekXv6MN6sd6sgfU5jmasycw2+gXr+wc7LaXp</latexit>

R !
! ! susy

K

! SM
K

and maximal phase

 dominates over other ßavour observables due to LR enhancement
<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>
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Becirevic et al, 2020

News on B-decay anomalies



Still in the limbo, but

the expected future precision will settle the issue

If they are rosesÉ



Ellis et al, 2020
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! /T eV Individual operators

Marginalised over the others

No ßavour violation


