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A one-hundred-years story, not over yet

- The making of the SM (circa 1910/20     1973(?))

- The amazing success of the SM, so far (1974     now)

- The future of the SM (now      )



The making of the SM (circa 1910/20      1973(?))



The content

A. An effective theory of the weak (and the strong) interactions

A broad view and Weinberg legacy

B. A full fledged theory of the weak and the strong interactions

The methodology

1. A phenomenological approach: new concepts to agree with exp.s
2. The search for mathematical/logical consistency

Weinberg a leading actor in B, but in A as well
and a master of equilibrium between 1 and 2
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1910/20

An effective theory of the weak and the strong int.s

The continuous spectrum in   -decay (an energy crisis?)<latexit sha1_base64="R4GGEu3mRGQBUIw68XDpHr+gg58=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vRAN7Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM+PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mopsg5zLNDEq2WBRlgpiEzD4nA66QGTGxhDLF7a2EjaiizNh8KjYEb/nlVdK6qHtXdffhsta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AHFKI6o</latexit>

�

1930
1934

Pauli “neutron”: a new particle of spin 1/2

Fermi: Tentativo di una teoria della emissione di raggi 
<latexit sha1_base64="R4GGEu3mRGQBUIw68XDpHr+gg58=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vRAN7Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM+PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mopsg5zLNDEq2WBRlgpiEzD4nA66QGTGxhDLF7a2EjaiizNh8KjYEb/nlVdK6qHtXdffhsta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AHFKI6o</latexit>

�
<latexit sha1_base64="c0DTdyzTdx1wk1Wd3P4MgAsKmcs="></latexit>

HI = g[⌧� 
+
e (x) ⌫(x) + ⌧+ 

+
⌫ (x) e(x)]
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1910/20

An effective theory of the weak and the strong int.s

The continuous spectrum in   -decay (an energy crisis?)<latexit sha1_base64="R4GGEu3mRGQBUIw68XDpHr+gg58=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vRAN7Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM+PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mopsg5zLNDEq2WBRlgpiEzD4nA66QGTGxhDLF7a2EjaiizNh8KjYEb/nlVdK6qHtXdffhsta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AHFKI6o</latexit>

�

1930

1936

1934

Pauli “neutron”: a new particle of spin 1/2

Fermi: Tentativo di una teoria della emissione di raggi 
<latexit sha1_base64="R4GGEu3mRGQBUIw68XDpHr+gg58=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vRAN7Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM+PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mopsg5zLNDEq2WBRlgpiEzD4nA66QGTGxhDLF7a2EjaiizNh8KjYEb/nlVdK6qHtXdffhsta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AHFKI6o</latexit>

�
<latexit sha1_base64="c0DTdyzTdx1wk1Wd3P4MgAsKmcs="></latexit>

HI = g[⌧� 
+
e (x) ⌫(x) + ⌧+ 

+
⌫ (x) e(x)]

<latexit sha1_base64="D9n/Ii4GNHpV+lCNwXwmVGgBqog="></latexit>

HI = g⌃i( ̄p(x)Oi n(x))( ̄e(x)Oi ⌫(x))
<latexit sha1_base64="ZxLoApPuGFV1sfGm/UaX/K2WON8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBQyiJKHoRKnrwWLFfkIay2W7apZts2N0IJfRnePGgiFd/jTf/jds2B219MPB4b4aZeUHCmdKO820VVlbX1jeKm6Wt7Z3dvfL+QUuJVBLaJIIL2QmwopzFtKmZ5rSTSIqjgNN2MLqd+u0nKhUTcUOPE+pHeBCzkBGsjeSx60e7brfsG7vRK1ecqjMDWiZuTiqQo94rf3X7gqQRjTXhWCnPdRLtZ1hqRjidlLqpogkmIzygnqExjqjys9nJE3RilD4KhTQVazRTf09kOFJqHAWmM8J6qBa9qfif56U6vPIzFieppjGZLwpTjrRA0/9Rn0lKNB8bgolk5lZEhlhiok1KJROCu/jyMmmdVd2LqvNwXqnd5XEU4QiO4RRcuIQa3EMdmkBAwDO8wpulrRfr3fqYtxasfOYQ/sD6/AEUwo/S</latexit>

i = S, P, V,A, T

soon recognised to be problematic in its h.e. behaviour
<latexit sha1_base64="zqRafQpaiLIev2QdmzuPjgr3QBU="></latexit>

d�

d⌦
(⌫p ! en) / G2

F p
2
⌫

and gradually reduced (1950/60) to the current-current form
<latexit sha1_base64="L4slpJZ3l0P0rfOlqy3STfOic6U="></latexit>

HI =
GF
p
2
Jµ(x)J+

µ (x), Jµ(x) = lµ(x) + hµ(x)
<latexit sha1_base64="hHjRlQAjb91uQXlJY3LMVmZnIQg=">AAACGnicbVBNSwMxEM36WetX1aOXYBFahLIrFr0IBT14VLBa6K5lNk3bYJJdkqxYlv4OL/4VLx4U8SZe/Ddm6x609UHgzXszTOaFMWfauO6XMzM7N7+wWFgqLq+srq2XNjavdJQoQpsk4pFqhaApZ5I2DTOctmJFQYScXoe3J5l/fUeVZpG8NMOYBgL6kvUYAWOlTsnjN75IKvdVfOyHoFJfJiNb+X0QAjqZ5e3lRb2KqbU6pbJbc8fA08TLSRnlOO+UPvxuRBJBpSEctG57bmyCFJRhhNNR0U80jYHcQp+2LZUgqA7S8WkjvGuVLu5Fyj5p8Fj9PZGC0HooQtspwAz0pJeJ/3ntxPSOgpTJODFUkp9FvYRjE+EsJ9xlihLDh5YAUcz+FZMBKCDGplm0IXiTJ0+Tq/2aV6+5FwflxmkeRwFtox1UQR46RA10hs5RExH0gJ7QC3p1Hp1n5815/2mdcfKZLfQHzuc3gxGfRA==</latexit>

lµ(x) = ⌫̄(x)�µ(1 + �5)e(x) What about       ?
<latexit sha1_base64="3Crk8nQDnIIBb88/uU/Vmyt5q88=">AAAB73icdVDLSgMxFM3UV62vqks3wSLUzZDRvtwVdOGygn1AO5ZMmrahmcyYZMQy9CfcuFDErb/jzr8x046gogcuHM65l3vv8ULOlEbow8osLa+srmXXcxubW9s7+d29lgoiSWiTBDyQHQ8rypmgTc00p51QUux7nLa9yXnit++oVCwQ13oaUtfHI8GGjGBtpM74piei4v1xP19AdtUpn9VOIbLRHAkpVVClBJ1UKYAUjX7+vTcISORToQnHSnUdFGo3xlIzwuks14sUDTGZ4BHtGiqwT5Ubz++dwSOjDOAwkKaEhnP1+0SMfaWmvmc6fazH6reXiH953UgPa27MRBhpKshi0TDiUAcweR4OmKRE86khmEhmboVkjCUm2kSUMyF8fQr/J60T2ynb6KpUqF+kcWTBATgEReCAKqiDS9AATUAABw/gCTxbt9aj9WK9LlozVjqzD37AevsEzQKP0w==</latexit>

h⌫(x)
2/19



What about       ?
<latexit sha1_base64="3Crk8nQDnIIBb88/uU/Vmyt5q88=">AAAB73icdVDLSgMxFM3UV62vqks3wSLUzZDRvtwVdOGygn1AO5ZMmrahmcyYZMQy9CfcuFDErb/jzr8x046gogcuHM65l3vv8ULOlEbow8osLa+srmXXcxubW9s7+d29lgoiSWiTBDyQHQ8rypmgTc00p51QUux7nLa9yXnit++oVCwQ13oaUtfHI8GGjGBtpM74piei4v1xP19AdtUpn9VOIbLRHAkpVVClBJ1UKYAUjX7+vTcISORToQnHSnUdFGo3xlIzwuks14sUDTGZ4BHtGiqwT5Ubz++dwSOjDOAwkKaEhnP1+0SMfaWmvmc6fazH6reXiH953UgPa27MRBhpKshi0TDiUAcweR4OmKRE86khmEhmboVkjCUm2kSUMyF8fQr/J60T2ynb6KpUqF+kcWTBATgEReCAKqiDS9AATUAABw/gCTxbt9aj9WK9LlozVjqzD37AevsEzQKP0w==</latexit>

h⌫(x)

= a current associated with a symmetry of the S.I.<latexit sha1_base64="AMdNe/YXRUDe8JyLuviT5JlGhyQ=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARRKHMiKIboaILlxXsBTrjkEkzbWiSGZKMUIa+gxtfxY0LRdy6cefbmGkLausPgZ/vnEPO+cOEUaUd58sqzM0vLC4Vl0srq2vrG/bmVkPFqcSkjmMWy1aIFGFUkLqmmpFWIgniISPNsH+Z15v3RCoai1s9SIjPUVfQiGKkDQrsg96dx1N4Dj2OdA8jljWGQU4Of8jFmAR22ak4I8FZ405MGUxUC+xPrxPjlBOhMUNKtV0n0X6GpKaYkWHJSxVJEO6jLmkbKxAnys9GNw3hniEdGMXSPKHhiP6eyBBXasBD05nvqaZrOfyv1k51dOZnVCSpJgKPP4pSBnUM84Bgh0qCNRsYg7CkZleIe0girE2MJROCO33yrGkcVdyTinNzXK5eTeIogh2wC/aBC05BFVyDGqgDDB7AE3gBr9aj9Wy9We/j1oI1mdkGf2R9fAPl2J2O</latexit>

hµ = Vµ +Aµ

1958 Conserved Vector Current
<latexit sha1_base64="EQzGqUtvUyd0ScV5H8z6Ey9h0no=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASUXQjFHShuwr2Ak0Mk+mkHTozCTMToYSCG1/FjQtF3PoS7nwbJ20W2vrDwMd/zmHO+cOEUaUd59uam19YXFourZRX19Y3Nu2t7aaKU4lJA8cslu0QKcKoIA1NNSPtRBLEQ0Za4eAyr7ceiFQ0Fnd6mBCfo56gEcVIGyuwd6HHke5jxLLmKPB4Ci/gzf1RToFdcarOWHAW3AIqoFA9sL+8boxTToTGDCnVcZ1E+xmSmmJGRmUvVSRBeIB6pGNQIE6Un41vGMED43RhFEvzhIZj9/dEhrhSQx6aznxhNV3Lzf9qnVRH535GRZJqIvDkoyhlUMcwDwR2qSRYs6EBhCU1u0LcRxJhbWIrmxDc6ZNnoXlcdU+rzu1JpXZVxFECe2AfHAIXnIEauAZ10AAYPIJn8ArerCfrxXq3Piatc1YxswP+yPr8AaZfluI=</latexit>

Vµ = I+µ

making possible to establish  -decay      -decay universality<latexit sha1_base64="pLg/vQr7c5fZdUz+x8SrtpbySu4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TKghWVEYwLJEfY2e8mS3b1jd04IIT/BxkIRW3+Rnf/GTXKFJj4YeLw3w8y8KJXCou9/e4WV1bX1jeJmaWt7Z3evvH/waJPMMN5giUxMK6KWS6F5AwVK3koNpyqSvBkNr6d+84kbKxL9gKOUh4r2tYgFo+ik+47KuuWKX/VnIMskyEkFctS75a9OL2GZ4hqZpNa2Az/FcEwNCib5pNTJLE8pG9I+bzuqqeI2HM9OnZATp/RInBhXGslM/T0xpsrakYpcp6I4sIveVPzPa2cYX4VjodMMuWbzRXEmCSZk+jfpCcMZypEjlBnhbiVsQA1l6NIpuRCCxZeXyeNZNbio+nfnldpNHkcRjuAYTiGAS6jBLdShAQz68Ayv8OZJ78V79z7mrQUvnzmEP/A+fwBfSo3c</latexit>µ
<latexit sha1_base64="R4GGEu3mRGQBUIw68XDpHr+gg58=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vRAN7Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM+PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mopsg5zLNDEq2WBRlgpiEzD4nA66QGTGxhDLF7a2EjaiizNh8KjYEb/nlVdK6qHtXdffhsta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AHFKI6o</latexit>

�

1962 Goldstone, Salam, Weinberg: a continuous symmetry and a
non-invariant vacuum give massless scalars (a problem?)

1960/62 PCAC: chiral invariance spontaneously broken
<latexit sha1_base64="+Lloh4/cCKsrgdd/JrnfG4l40GQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHnqJ6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9Wde8vK/XbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBRqY3T</latexit>⇡‘s as Nambu-Goldstone bosons?



What about       ?
<latexit sha1_base64="3Crk8nQDnIIBb88/uU/Vmyt5q88=">AAAB73icdVDLSgMxFM3UV62vqks3wSLUzZDRvtwVdOGygn1AO5ZMmrahmcyYZMQy9CfcuFDErb/jzr8x046gogcuHM65l3vv8ULOlEbow8osLa+srmXXcxubW9s7+d29lgoiSWiTBDyQHQ8rypmgTc00p51QUux7nLa9yXnit++oVCwQ13oaUtfHI8GGjGBtpM74piei4v1xP19AdtUpn9VOIbLRHAkpVVClBJ1UKYAUjX7+vTcISORToQnHSnUdFGo3xlIzwuks14sUDTGZ4BHtGiqwT5Ubz++dwSOjDOAwkKaEhnP1+0SMfaWmvmc6fazH6reXiH953UgPa27MRBhpKshi0TDiUAcweR4OmKRE86khmEhmboVkjCUm2kSUMyF8fQr/J60T2ynb6KpUqF+kcWTBATgEReCAKqiDS9AATUAABw/gCTxbt9aj9WK9LlozVjqzD37AevsEzQKP0w==</latexit>

h⌫(x)

= a current associated with a symmetry of the S.I.<latexit sha1_base64="AMdNe/YXRUDe8JyLuviT5JlGhyQ=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARRKHMiKIboaILlxXsBTrjkEkzbWiSGZKMUIa+gxtfxY0LRdy6cefbmGkLausPgZ/vnEPO+cOEUaUd58sqzM0vLC4Vl0srq2vrG/bmVkPFqcSkjmMWy1aIFGFUkLqmmpFWIgniISPNsH+Z15v3RCoai1s9SIjPUVfQiGKkDQrsg96dx1N4Dj2OdA8jljWGQU4Of8jFmAR22ak4I8FZ405MGUxUC+xPrxPjlBOhMUNKtV0n0X6GpKaYkWHJSxVJEO6jLmkbKxAnys9GNw3hniEdGMXSPKHhiP6eyBBXasBD05nvqaZrOfyv1k51dOZnVCSpJgKPP4pSBnUM84Bgh0qCNRsYg7CkZleIe0girE2MJROCO33yrGkcVdyTinNzXK5eTeIogh2wC/aBC05BFVyDGqgDDB7AE3gBr9aj9Wy9We/j1oI1mdkGf2R9fAPl2J2O</latexit>

hµ = Vµ +Aµ

1958 Conserved Vector Current
<latexit sha1_base64="EQzGqUtvUyd0ScV5H8z6Ey9h0no=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASUXQjFHShuwr2Ak0Mk+mkHTozCTMToYSCG1/FjQtF3PoS7nwbJ20W2vrDwMd/zmHO+cOEUaUd59uam19YXFourZRX19Y3Nu2t7aaKU4lJA8cslu0QKcKoIA1NNSPtRBLEQ0Za4eAyr7ceiFQ0Fnd6mBCfo56gEcVIGyuwd6HHke5jxLLmKPB4Ci/gzf1RToFdcarOWHAW3AIqoFA9sL+8boxTToTGDCnVcZ1E+xmSmmJGRmUvVSRBeIB6pGNQIE6Un41vGMED43RhFEvzhIZj9/dEhrhSQx6aznxhNV3Lzf9qnVRH535GRZJqIvDkoyhlUMcwDwR2qSRYs6EBhCU1u0LcRxJhbWIrmxDc6ZNnoXlcdU+rzu1JpXZVxFECe2AfHAIXnIEauAZ10AAYPIJn8ArerCfrxXq3Piatc1YxswP+yPr8AaZfluI=</latexit>

Vµ = I+µ

making possible to establish  -decay      -decay universality<latexit sha1_base64="pLg/vQr7c5fZdUz+x8SrtpbySu4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TKghWVEYwLJEfY2e8mS3b1jd04IIT/BxkIRW3+Rnf/GTXKFJj4YeLw3w8y8KJXCou9/e4WV1bX1jeJmaWt7Z3evvH/waJPMMN5giUxMK6KWS6F5AwVK3koNpyqSvBkNr6d+84kbKxL9gKOUh4r2tYgFo+ik+47KuuWKX/VnIMskyEkFctS75a9OL2GZ4hqZpNa2Az/FcEwNCib5pNTJLE8pG9I+bzuqqeI2HM9OnZATp/RInBhXGslM/T0xpsrakYpcp6I4sIveVPzPa2cYX4VjodMMuWbzRXEmCSZk+jfpCcMZypEjlBnhbiVsQA1l6NIpuRCCxZeXyeNZNbio+nfnldpNHkcRjuAYTiGAS6jBLdShAQz68Ayv8OZJ78V79z7mrQUvnzmEP/A+fwBfSo3c</latexit>µ
<latexit sha1_base64="R4GGEu3mRGQBUIw68XDpHr+gg58=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vRAN7Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM+PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mopsg5zLNDEq2WBRlgpiEzD4nA66QGTGxhDLF7a2EjaiizNh8KjYEb/nlVdK6qHtXdffhsta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AHFKI6o</latexit>

�

1962 Goldstone, Salam, Weinberg: a continuous symmetry and a
non-invariant vacuum give massless scalars (a problem?)

1960/62 PCAC: chiral invariance spontaneously broken
<latexit sha1_base64="+Lloh4/cCKsrgdd/JrnfG4l40GQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHnqJ6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9Wde8vK/XbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBRqY3T</latexit>⇡‘s as Nambu-Goldstone bosons?

1963 

1964 

1965/68 

-decay universality extended to strange particles<latexit sha1_base64="R4GGEu3mRGQBUIw68XDpHr+gg58=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vRAN7Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM+PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mopsg5zLNDEq2WBRlgpiEzD4nA66QGTGxhDLF7a2EjaiizNh8KjYEb/nlVdK6qHtXdffhsta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AHFKI6o</latexit>

�
<latexit sha1_base64="pLg/vQr7c5fZdUz+x8SrtpbySu4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TKghWVEYwLJEfY2e8mS3b1jd04IIT/BxkIRW3+Rnf/GTXKFJj4YeLw3w8y8KJXCou9/e4WV1bX1jeJmaWt7Z3evvH/waJPMMN5giUxMK6KWS6F5AwVK3koNpyqSvBkNr6d+84kbKxL9gKOUh4r2tYgFo+ik+47KuuWKX/VnIMskyEkFctS75a9OL2GZ4hqZpNa2Az/FcEwNCib5pNTJLE8pG9I+bzuqqeI2HM9OnZATp/RInBhXGslM/T0xpsrakYpcp6I4sIveVPzPa2cYX4VjodMMuWbzRXEmCSZk+jfpCcMZypEjlBnhbiVsQA1l6NIpuRCCxZeXyeNZNbio+nfnldpNHkcRjuAYTiGAS6jBLdShAQz68Ayv8OZJ78V79z7mrQUvnzmEP/A+fwBfSo3c</latexit>µ

<latexit sha1_base64="2Vx11Ei5MUyLoTyNQDbfCxaw+98=">AAACMHicdVDLSgMxFM34tr5GXboJFkERyowouikUFHSpaB/QqSWT3rahmcyQ3BHK0E9y46foRkERt36Fae3C54HAyTnnktwTJlIY9LwnZ2Jyanpmdm4+t7C4tLzirq5VTJxqDmUey1jXQmZACgVlFCihlmhgUSihGvaOh371BrQRsbrCfgKNiHWUaAvO0EpN97TbDKKUFimPTYBdQEZHynW2HZyAtNfLorczoLs5I9R/AX9n0HTzXsEbgf4m/pjkyRjnTfc+aMU8jUAhl8yYuu8l2MiYRsElDHJBaiBhvMc6ULdUsQhMIxstPKBbVmnRdqztUUhH6teJjEXG9KPQJiOGXfPTG4p/efUU20eNTKgkRVD886F2KinGdNgebQkNHGXfEsa1sH+lvMs042g7ztkS/J8r/yaVvYJ/UPAu9vOlk3Edc2SDbJJt4pNDUiJn5JyUCSe35IE8kxfnznl0Xp23z+iEM55ZJ9/gvH8A4Vmnpg==</latexit>

hµ = cos✓h(�S=0)
µ + sin✓h(�S=1)

µ

The algebra of currents (CA)

Weinberg: from CA to effective Chiral Lagrangians
applied to         . “CA without CA”<latexit sha1_base64="D9LQnKOOU8l4Kr0eugsjGpZOJ08=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KGVXFD0W9eCxgv2A7lKyabYNzSYhyQql9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5seLMWN//9lZW19Y3Ngtbxe2d3b390sFh08hME9ogkkvdjrGhnAnasMxy2laa4jTmtBUPb6d+64lqw6R4tCNFoxT3BUsYwdZJYahYBd1UUKgHslsq+1V/BrRMgpyUIUe9W/oKe5JkKRWWcGxMJ/CVjcZYW0Y4nRTDzFCFyRD3acdRgVNqovHs5gk6dUoPJVK7EhbN1N8TY5waM0pj15liOzCL3lT8z+tkNrmOxkyozFJB5ouSjCMr0TQA1GOaEstHjmCimbsVkQHWmFgXU9GFECy+vEya59Xgsuo/XJRrd3kcBTiGEziDAK6gBvdQhwYQUPAMr/DmZd6L9+59zFtXvHzmCP7A+/wBeUWQrA==</latexit>

⇡, B, ⇢

<latexit sha1_base64="LrGQ7zMto1snZPnPjxBy92v4V8Y="></latexit>

U(3)⇥ U(3) = U(1)⇥ U(1)⇥ SU(3)⇥ SU(3) ! U(1)V ⇥ SU(3)V

3/19

Cabibbo



Towards a full fledged gauge theory

1920/50

1957 

1954 
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From         (late 40’s) to speculations on 
<latexit sha1_base64="MRbf7K0davBFb/DlGXwkvB0qL20=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBHqpSSi6LGgB48VTFtpQ9lsp+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5UcKZNp737aysrq1vbBa2its7u3v7pYPDho5TRTGgMY9VKyIaOZMYGGY4thKFREQcm9HoZuo3n1BpFssHM04wFGQgWZ9RYqz0GFT8s26GYtItlb2qN4O7TPyclCFHvVv66vRimgqUhnKiddv3EhNmRBlGOU6KnVRjQuiIDLBtqSQCdZjNDp64p1bpuf1Y2ZLGnam/JzIitB6LyHYKYoZ60ZuK/3nt1PSvw4zJJDUo6XxRP+Wuid3p926PKaSGjy0hVDF7q0uHRBFqbEZFG4K/+PIyaZxX/cuqd39Rrt3mcRTgGE6gAj5cQQ3uoA4BUBDwDK/w5ijnxXl3PuatK04+cwR/4Hz+AO+/j9o=</latexit>

U(1)em
<latexit sha1_base64="X/jqsNURzuybEIpammxNltKDDWI=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JLNHok0YPeMLqAgQ3plgINbXfTdk3Ihl/hxYPGePXnePPfWGAPCr5kkpf3ZjIzL4w508Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUYT6JOKRaoVYU84k9Q0znLZiRbEIOW2Go6up33yiSrNIPphxTAOBB5L1GcHGSo/3frl62k1vJ91iya24M6Bl4mWkBBnq3eJXpxeRRFBpCMdatz03NkGKlWGE00mhk2gaYzLCA9q2VGJBdZDODp6gE6v0UD9StqRBM/X3RIqF1mMR2k6BzVAvelPxP6+dmP5lkDIZJ4ZKMl/UTzgyEZp+j3pMUWL42BJMFLO3IjLEChNjMyrYELzFl5dJo1rxzivu3Vmpdp3FkYcjOIYyeHABNbiBOvhAQMAzvMKbo5wX5935mLfmnGzmEP7A+fwBn2mPpQ==</latexit>

SU(2)I

Yang-Mills gauge theory for <latexit sha1_base64="TJate0UXNl6yc6N/KTtR0I2dPz4=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXspuUfRY0IPHim5baJeSTbNtaDZZkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Gbmt5+o0kyKRzNJaBDjoWARI9hYyX/wq/Xzfrni1tw50CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKq17zLmnt/UWnc5nEU4QROoQoeXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCN+I3d</latexit>

SU(2)

Schwinger: from                        to
<latexit sha1_base64="E8hkgGF54AZZKxxAgIufCAEvP2E="></latexit>

HI =
GF
p
2
Jµ(x)J+

µ (x)
<latexit sha1_base64="eeEWevhV9cgnpzwdgchzUSwPRaI=">AAACEXicbVDLSsNAFJ34rPEVdelmsAgVMSSi6EYo6KK6qmAf0KRhMp22QycPZiZiCf0FN/6KGxeKuHXnzr9x0mahrQeGOZxzL/fe48eMCmlZ39rc/MLi0nJhRV9dW9/YNLa26yJKOCY1HLGIN30kCKMhqUkqGWnGnKDAZ6ThDy4zv3FPuKBReCeHMXED1Atpl2IkleQZJSdAso8RSysj7xpewJ5+03aCpPRw0PDU3z6Ch7BvYtMzipZpjQFniZ2TIshR9YwvpxPhJCChxAwJ0bKtWLop4pJiRka6kwgSIzxAPdJSNEQBEW46vmgE95XSgd2IqxdKOFZ/d6QoEGIY+Koy219Me5n4n9dKZPfcTWkYJ5KEeDKomzAoI5jFAzuUEyzZUBGEOVW7QtxHHGGpQtRVCPb0ybOkfmzap6Z1e1IsX+VxFMAu2AMlYIMzUAYVUAU1gMEjeAav4E170l60d+1jUjqn5T074A+0zx/E6JsN</latexit>

HI = gJµ(x)W�
µ + h.c.

A triplet of vectors
<latexit sha1_base64="fFJuDKT7wOkAMpsbe9HtDBMsNz8=">AAACEnicbZBNS8MwGMfT+Tbr29Sjl+AQFMZoRdGLMNGDxwnuBddZ0jTdwpK2Jqkwyj6DF7+KFw+KePXkzW9j1vWgmw8k/Pj/n4fk+Xsxo1JZ1rdRmJtfWFwqLpsrq2vrG6XNraaMEoFJA0csEm0PScJoSBqKKkbasSCIe4y0vMHF2G89ECFpFN6oYUy6HPVCGlCMlJbc0sGt6/DkLnViXrFGFec+QX52mblhjc7g+RjdUtmqWlnBWbBzKIO86m7py/EjnHASKsyQlB3bilU3RUJRzMjIdBJJYoQHqEc6GkPEieym2UojuKcVHwaR0CdUMFN/T6SISznknu7kSPXltDcW//M6iQpOuykN40SREE8eChIGVQTH+UCfCoIVG2pAWFD9V4j7SCCsdIqmDsGeXnkWmodV+7hqXR+Va5d5HEWwA3bBPrDBCaiBK1AHDYDBI3gGr+DNeDJejHfjY9JaMPKZbfCnjM8fL/GdKQ==</latexit>

Z±,0
µ , Z0

µ = Aµ

<latexit sha1_base64="O2wWbixgNREoe/Pv0utmLOiQud0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoerOgB48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/aZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epfHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/kcGMyQ==</latexit>

?



Towards a full fledged gauge theory

1920/50

1957 

1961 

1954 

1964 
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From         (late 40’s) to speculations on 
<latexit sha1_base64="MRbf7K0davBFb/DlGXwkvB0qL20=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBHqpSSi6LGgB48VTFtpQ9lsp+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5UcKZNp737aysrq1vbBa2its7u3v7pYPDho5TRTGgMY9VKyIaOZMYGGY4thKFREQcm9HoZuo3n1BpFssHM04wFGQgWZ9RYqz0GFT8s26GYtItlb2qN4O7TPyclCFHvVv66vRimgqUhnKiddv3EhNmRBlGOU6KnVRjQuiIDLBtqSQCdZjNDp64p1bpuf1Y2ZLGnam/JzIitB6LyHYKYoZ60ZuK/3nt1PSvw4zJJDUo6XxRP+Wuid3p926PKaSGjy0hVDF7q0uHRBFqbEZFG4K/+PIyaZxX/cuqd39Rrt3mcRTgGE6gAj5cQQ3uoA4BUBDwDK/w5ijnxXl3PuatK04+cwR/4Hz+AO+/j9o=</latexit>

U(1)em
<latexit sha1_base64="X/jqsNURzuybEIpammxNltKDDWI=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JLNHok0YPeMLqAgQ3plgINbXfTdk3Ihl/hxYPGePXnePPfWGAPCr5kkpf3ZjIzL4w508Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUYT6JOKRaoVYU84k9Q0znLZiRbEIOW2Go6up33yiSrNIPphxTAOBB5L1GcHGSo/3frl62k1vJ91iya24M6Bl4mWkBBnq3eJXpxeRRFBpCMdatz03NkGKlWGE00mhk2gaYzLCA9q2VGJBdZDODp6gE6v0UD9StqRBM/X3RIqF1mMR2k6BzVAvelPxP6+dmP5lkDIZJ4ZKMl/UTzgyEZp+j3pMUWL42BJMFLO3IjLEChNjMyrYELzFl5dJo1rxzivu3Vmpdp3FkYcjOIYyeHABNbiBOvhAQMAzvMKbo5wX5935mLfmnGzmEP7A+fwBn2mPpQ==</latexit>

SU(2)I

Yang-Mills gauge theory for <latexit sha1_base64="TJate0UXNl6yc6N/KTtR0I2dPz4=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXspuUfRY0IPHim5baJeSTbNtaDZZkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Gbmt5+o0kyKRzNJaBDjoWARI9hYyX/wq/Xzfrni1tw50CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKq17zLmnt/UWnc5nEU4QROoQoeXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCN+I3d</latexit>

SU(2)

Schwinger: from                        to
<latexit sha1_base64="E8hkgGF54AZZKxxAgIufCAEvP2E="></latexit>

HI =
GF
p
2
Jµ(x)J+

µ (x)
<latexit sha1_base64="eeEWevhV9cgnpzwdgchzUSwPRaI=">AAACEXicbVDLSsNAFJ34rPEVdelmsAgVMSSi6EYo6KK6qmAf0KRhMp22QycPZiZiCf0FN/6KGxeKuHXnzr9x0mahrQeGOZxzL/fe48eMCmlZ39rc/MLi0nJhRV9dW9/YNLa26yJKOCY1HLGIN30kCKMhqUkqGWnGnKDAZ6ThDy4zv3FPuKBReCeHMXED1Atpl2IkleQZJSdAso8RSysj7xpewJ5+03aCpPRw0PDU3z6Ch7BvYtMzipZpjQFniZ2TIshR9YwvpxPhJCChxAwJ0bKtWLop4pJiRka6kwgSIzxAPdJSNEQBEW46vmgE95XSgd2IqxdKOFZ/d6QoEGIY+Koy219Me5n4n9dKZPfcTWkYJ5KEeDKomzAoI5jFAzuUEyzZUBGEOVW7QtxHHGGpQtRVCPb0ybOkfmzap6Z1e1IsX+VxFMAu2AMlYIMzUAYVUAU1gMEjeAav4E170l60d+1jUjqn5T074A+0zx/E6JsN</latexit>

HI = gJµ(x)W�
µ + h.c.

A triplet of vectors
<latexit sha1_base64="fFJuDKT7wOkAMpsbe9HtDBMsNz8=">AAACEnicbZBNS8MwGMfT+Tbr29Sjl+AQFMZoRdGLMNGDxwnuBddZ0jTdwpK2Jqkwyj6DF7+KFw+KePXkzW9j1vWgmw8k/Pj/n4fk+Xsxo1JZ1rdRmJtfWFwqLpsrq2vrG6XNraaMEoFJA0csEm0PScJoSBqKKkbasSCIe4y0vMHF2G89ECFpFN6oYUy6HPVCGlCMlJbc0sGt6/DkLnViXrFGFec+QX52mblhjc7g+RjdUtmqWlnBWbBzKIO86m7py/EjnHASKsyQlB3bilU3RUJRzMjIdBJJYoQHqEc6GkPEieym2UojuKcVHwaR0CdUMFN/T6SISznknu7kSPXltDcW//M6iQpOuykN40SREE8eChIGVQTH+UCfCoIVG2pAWFD9V4j7SCCsdIqmDsGeXnkWmodV+7hqXR+Va5d5HEWwA3bBPrDBCaiBK1AHDYDBI3gGr+DNeDJejHfjY9JaMPKZbfCnjM8fL/GdKQ==</latexit>

Z±,0
µ , Z0

µ = Aµ

<latexit sha1_base64="O2wWbixgNREoe/Pv0utmLOiQud0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoerOgB48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/aZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epfHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/kcGMyQ==</latexit>

?

Glashow:
<latexit sha1_base64="rs9/6eJ3iVD39ID34i1XBsgeFXA="></latexit>

SU(2)⇥ U(1) [ ~O,S] = 0 Aµ = cos✓
0
Z

S
µ + sin✓

0
Z

3
µ

Explicit vector masses where from?

Yang-Mills extended to an arbitrary Lee algebra1961

Brout-Englert-Higgs mechanism
No massless particles anymore! A massive scalar



1967 Weinberg:  A model of leptons
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1967 Weinberg:  A model of leptons
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- used for the first time in weak interactions
Spontaneous symmetry breaking:

<latexit sha1_base64="FvjhKSNdwNbyAmOeRzfrLaed1Y0=">AAACEHicbVA9TwJBEN3zE/ELtbTZSIxHQ+6IRksSLSwxekAC5LK3LLBh9+6yO6chF36CjX/FxkJjbC3t/DcuB4WCL9nkzXszmZ0XxIJrcJxva2l5ZXVtPbeR39za3tkt7O3XdZQoyjwaiUg1A6KZ4CHzgINgzVgxIgPBGsHwcuI37pnSPArvYBSzjiT9kPc4JWAkv3Bi33p2pdQGLpnGnu2W2or3B0CUih6y2k+ZHJf8QtEpOxnwInFnpIhmqPmFr3Y3oolkIVBBtG65TgydlCjgVLBxvp1oFhM6JH3WMjQkZn8nzQ4a42OjdHEvUuaFgDP190RKpNYjGZhOSWCg572J+J/XSqB30Ul5GCfAQjpd1EsEhghP0sFdrhgFMTKEUMXNXzEdEEUomAzzJgR3/uRFUq+U3bOyc3NarF7N4sihQ3SEbOSic1RF16iGPETRI3pGr+jNerJerHfrY9q6ZM1mDtAfWJ8/WTqa7Q==</latexit>

(SU(2)⇥ U(1) ! U(1)em)

- in generating vector boson masses

- in generating fermion masses

<latexit sha1_base64="W9OoO8+8hEvQdlhi7vuSZfPZmhQ="></latexit>

mW >
e2

4
p
2GF

⇡ 40 GeV (g = e, g0 ! 1)
<latexit sha1_base64="/nZOQvQ068NIGdJxGMjg9JGJnbM="></latexit>

mZ >
e2

2
p
2GF

⇡ 80 GeV (g = g0 =
p
2e)

Is this model renormalisable? Yes, t’Hooft, Veltman 1971
How to include hadrons?



1970/73 The inclusion of hadrons (and the setting of QCD)
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GIM:
1970

<latexit sha1_base64="44Lh7PC8eLF/xXSq8EcHhvjgr4Y=">AAACC3icbVC7SgNBFJ2NrxhfUUubIUGITdgVRRshYApBi4jmAdmwzE4myZDZ2WXmrhKWWNv4KzYWitj6A3b+jZNHoYmHe+Fwzr3M3ONHgmuw7W8rtbC4tLySXs2srW9sbmW3d2o6jBVlVRqKUDV8opngklWBg2CNSDES+ILV/f75yK/fMaV5KG9hELFWQLqSdzglYCQvm3PLTADBN2fOQ+HSu3IV7/aAKBXeYzeITR142bxdtMfA88SZkjyaouJlv9x2SOOASaCCaN107AhaCVHAqWDDjBtrFhHaJ13WNFSSgOlWMr5liPeN0sadUJmWgMfq742EBFoPAt9MBgR6etYbif95zRg6p62EyygGJunkoU4sMIR4FAxuc8UoiIEhhCpu/oppjyhCwcSXMSE4syfPk9ph0Tku2tdH+VJ5Gkca7aEcKiAHnaASukAVVEUUPaJn9IrerCfrxXq3PiajKWu6s4v+wPr8AanWmjI=</latexit>

�S = 1 (KL ! µµ)
<latexit sha1_base64="CGQoknce3s0yvpDYjyTyZHUteKA=">AAACA3icbVC7SgNBFJ2Nrxhfq3baDAYhFobZoGgjBEwhpIloHpBdltnJbDJk9sHMrBCWiI2/YmOhiK0/YeffOEm20OiBC4dz7uXee7yYM6kQ+jJyC4tLyyv51cLa+sbmlrm905JRIghtkohHouNhSTkLaVMxxWknFhQHHqdtb3g58dt3VEgWhbdqFFMnwP2Q+YxgpSXX3LNrlCsMby4q96W6i45tD4u0PnbRkWsWURlNAf8SKyNFkKHhmp92LyJJQENFOJaya6FYOSkWihFOxwU7kTTGZIj7tKtpiAMqnXT6wxgeaqUH/UjoChWcqj8nUhxIOQo83RlgNZDz3kT8z+smyj93UhbGiaIhmS3yEw5VBCeBwB4TlCg+0gQTwfStkAywwETp2Ao6BGv+5b+kVSlbp2V0fVKs1rI48mAfHIASsMAZqIIr0ABNQMADeAIv4NV4NJ6NN+N91pozspld8AvGxzdlXpYW</latexit>

�S = 2 (K0 � K̄0)and                    need a low cutoff <latexit sha1_base64="AfoUx8E6MQB1QIkBX350kvD8z8Y=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsxURZcFBV24qGAf0BlKJpNpQzOZkGSKZajgxl9x40IRt36EO//G9LHQ1gOBwznncnNPIBhV2nG+rdzS8srqWn69sLG5tb1j7+41VJJKTOo4YYlsBUgRRjmpa6oZaQlJUBww0gz6F2O/OSBS0YTf6aEgfoy6nEYUI22kjl30bkw4RNBDQsjkHla8kA7g8cMVaXTsklN2JoCLxJ2REpih1rG/vDDBaUy4xgwp1XYdof0MSU0xI6OClyoiEO6jLmkbylFMlJ9NjhjBQ6OEMEqkeVzDifp7IkOxUsM4MMkY6Z6a98bif1471dG5n1EuUk04ni6KUgZ1AseNwJBKgjUbGoKwpOavEPeQRFib3gqmBHf+5EXSqJTd07Jze1KqXs7qyIMiOABHwAVnoAquQQ3UAQaP4Bm8gjfryXqx3q2PaTRnzWb2wR9Ynz9D+Jc2</latexit>

⇤ ⇡ 2÷ 3 GeV
<latexit sha1_base64="juMsnix3jAgv8KiPGk7iLgxjQsE="></latexit>

hµ = ū�µ(1 + �5)(c✓d+ s✓s) + c̄�µ(1 + �5)(c✓s� s✓d)

1972/73 G,W;P   Asymptotic Freedom
1972/73 G,F,B,L  “Coloured” quarks coupled to an octet of “gluons”
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1970
<latexit sha1_base64="44Lh7PC8eLF/xXSq8EcHhvjgr4Y=">AAACC3icbVC7SgNBFJ2NrxhfUUubIUGITdgVRRshYApBi4jmAdmwzE4myZDZ2WXmrhKWWNv4KzYWitj6A3b+jZNHoYmHe+Fwzr3M3ONHgmuw7W8rtbC4tLySXs2srW9sbmW3d2o6jBVlVRqKUDV8opngklWBg2CNSDES+ILV/f75yK/fMaV5KG9hELFWQLqSdzglYCQvm3PLTADBN2fOQ+HSu3IV7/aAKBXeYzeITR142bxdtMfA88SZkjyaouJlv9x2SOOASaCCaN107AhaCVHAqWDDjBtrFhHaJ13WNFSSgOlWMr5liPeN0sadUJmWgMfq742EBFoPAt9MBgR6etYbif95zRg6p62EyygGJunkoU4sMIR4FAxuc8UoiIEhhCpu/oppjyhCwcSXMSE4syfPk9ph0Tku2tdH+VJ5Gkca7aEcKiAHnaASukAVVEUUPaJn9IrerCfrxXq3PiajKWu6s4v+wPr8AanWmjI=</latexit>

�S = 1 (KL ! µµ)
<latexit sha1_base64="CGQoknce3s0yvpDYjyTyZHUteKA=">AAACA3icbVC7SgNBFJ2Nrxhfq3baDAYhFobZoGgjBEwhpIloHpBdltnJbDJk9sHMrBCWiI2/YmOhiK0/YeffOEm20OiBC4dz7uXee7yYM6kQ+jJyC4tLyyv51cLa+sbmlrm905JRIghtkohHouNhSTkLaVMxxWknFhQHHqdtb3g58dt3VEgWhbdqFFMnwP2Q+YxgpSXX3LNrlCsMby4q96W6i45tD4u0PnbRkWsWURlNAf8SKyNFkKHhmp92LyJJQENFOJaya6FYOSkWihFOxwU7kTTGZIj7tKtpiAMqnXT6wxgeaqUH/UjoChWcqj8nUhxIOQo83RlgNZDz3kT8z+smyj93UhbGiaIhmS3yEw5VBCeBwB4TlCg+0gQTwfStkAywwETp2Ao6BGv+5b+kVSlbp2V0fVKs1rI48mAfHIASsMAZqIIr0ABNQMADeAIv4NV4NJ6NN+N91pozspld8AvGxzdlXpYW</latexit>

�S = 2 (K0 � K̄0)and                    need a low cutoff <latexit sha1_base64="AfoUx8E6MQB1QIkBX350kvD8z8Y=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsxURZcFBV24qGAf0BlKJpNpQzOZkGSKZajgxl9x40IRt36EO//G9LHQ1gOBwznncnNPIBhV2nG+rdzS8srqWn69sLG5tb1j7+41VJJKTOo4YYlsBUgRRjmpa6oZaQlJUBww0gz6F2O/OSBS0YTf6aEgfoy6nEYUI22kjl30bkw4RNBDQsjkHla8kA7g8cMVaXTsklN2JoCLxJ2REpih1rG/vDDBaUy4xgwp1XYdof0MSU0xI6OClyoiEO6jLmkbylFMlJ9NjhjBQ6OEMEqkeVzDifp7IkOxUsM4MMkY6Z6a98bif1471dG5n1EuUk04ni6KUgZ1AseNwJBKgjUbGoKwpOavEPeQRFib3gqmBHf+5EXSqJTd07Jze1KqXs7qyIMiOABHwAVnoAquQQ3UAQaP4Bm8gjfryXqx3q2PaTRnzWb2wR9Ynz9D+Jc2</latexit>

⇤ ⇡ 2÷ 3 GeV

1972/73 G,W;P   Asymptotic Freedom
1972/73 G,F,B,L  “Coloured” quarks coupled to an octet of “gluons”

Weinberg synthesis:1973
A)  

<latexit sha1_base64="fFQqJG9at91KWpABkm40PJpYBt0=">AAACBnicbZDNSsNAFIUn9a/Wv6hLEQaL0G5KUhTdCAWFuqzUtIU2hMl00g6dTMLMRCihKze+ihsXirj1Gdz5Nk7bLLT1wMDHufdy5x4/ZlQqy/o2ciura+sb+c3C1vbO7p65f9CSUSIwcXDEItHxkSSMcuIoqhjpxIKg0Gek7Y+up/X2AxGSRvxejWPihmjAaUAxUtryzOP6Fax7zZ6iIZGw6ZSq5Yydkl32zKJVsWaCy2BnUASZGp751etHOAkJV5ghKbu2FSs3RUJRzMik0EskiREeoQHpauRIb3LT2RkTeKqdPgwioR9XcOb+nkhRKOU49HVniNRQLtam5n+1bqKCSzelPE4U4Xi+KEgYVBGcZgL7VBCs2FgDwoLqv0I8RAJhpZMr6BDsxZOXoVWt2OcV6+6sWLvJ4siDI3ACSsAGF6AGbkEDOACDR/AMXsGb8WS8GO/Gx7w1Z2Qzh+CPjM8fo++Wrg==</latexit>

G = GS ⇥ SU(2)⇥ U(1)

B)    ’s form a non-chiral rep of <latexit sha1_base64="mks9xa8KzDP67wo89Ni5U6ZGji0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNBQY+V2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZekAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8pAzaqzUuO03+uWKW3XnIH+Jl5MK5Kj3y5+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmJVQYkjJUtachc/TmR0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyX9I6q3oXVff+vFK7yeMowhEcwyl4cAk1uIM6NIHBEJ7gBV4d4Tw7b877orXg5DOH8AvOxzf2b42X</latexit>

GS
<latexit sha1_base64="offg1Vr7n3VLXeZ3gaf5uHv6BXk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoseCHjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OZ+54lpw2P1aKcJCyQZKR5xSmwu9ZuGD6o1r+7NgVeJX5AaFGgOql/9YUxTyZSlghjT873EBhnRllPBZpV+alhC6ISMWM9RRSQzQTa/dYbPnDLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08FReCv/zyKmlf1P2ruvdwWWvcFXGU4QRO4Rx8uIYG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH/VcjjA=</latexit>

 

C)    ’s are     -neutral, so that       leaves    unbroken<latexit sha1_base64="mks9xa8KzDP67wo89Ni5U6ZGji0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNBQY+V2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZekAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8pAzaqzUuO03+uWKW3XnIH+Jl5MK5Kj3y5+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmJVQYkjJUtachc/TmR0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyX9I6q3oXVff+vFK7yeMowhEcwyl4cAk1uIM6NIHBEJ7gBV4d4Tw7b877orXg5DOH8AvOxzf2b42X</latexit>

GS
<latexit sha1_base64="PrdugM9O+0pK+8GgvI1PqfFko7s=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNBDx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcKZNq777VTW1jc2t6rbtZ3dvf2D+uFRV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepv7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqo33KZbAK0SryQNKNEe1b+G45ikgkpDONZ64LmJ8TOsDCOczmvDVNMEkyme0IGlEguq/ay4dY7OrDJGYaxsSYMK9fdEhoXWMxHYToFNpJe9XPzPG6QmvPEzJpPUUEkWi8KUIxOj/HE0ZooSw2eWYKKYvRWRCCtMjI2nZkPwll9eJd2LpnfVdB8uG627Mo4qnMApnIMH19CCe2hDBwhE8Ayv8OYI58V5dz4WrRWnnDmGP3A+fwAVdI5F</latexit>

�
<latexit sha1_base64="mks9xa8KzDP67wo89Ni5U6ZGji0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNBQY+V2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZekAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8pAzaqzUuO03+uWKW3XnIH+Jl5MK5Kj3y5+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmJVQYkjJUtachc/TmR0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyX9I6q3oXVff+vFK7yeMowhEcwyl4cAk1uIM6NIHBEJ7gBV4d4Tw7b877orXg5DOH8AvOxzf2b42X</latexit>

GS
<latexit sha1_base64="OiU+ZFYPyU2k8PWe4bAmSGHZ1rU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9CAS0IPHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7S0tr6yurRc2iptb2zu7pb39hlGpJrROFFe6FWFDOZO0bpnltJVoikXEaTMa3kz85hPVhin5YEcJDQXuSxYzgq2TGledZMCuu6WyX/GnQIskyEkZctS6pa9OT5FUUGkJx8a0Az+xYYa1ZYTTcbGTGppgMsR92nZUYkFNmE2vHaNjp/RQrLQradFU/T2RYWHMSESuU2A7MPPeRPzPa6c2vgwzJpPUUklmi+KUI6vQ5HXUY5oSy0eOYKKZuxWRAdaYWBdQ0YUQzL+8SBqnleC84t+flau3eRwFOIQjOIEALqAKd1CDOhB4hGd4hTdPeS/eu/cxa13y8pkD+APv8wcbCo7T</latexit>

< � >

GIM:
<latexit sha1_base64="juMsnix3jAgv8KiPGk7iLgxjQsE="></latexit>

hµ = ū�µ(1 + �5)(c✓d+ s✓s) + c̄�µ(1 + �5)(c✓s� s✓d)
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1970
<latexit sha1_base64="44Lh7PC8eLF/xXSq8EcHhvjgr4Y=">AAACC3icbVC7SgNBFJ2NrxhfUUubIUGITdgVRRshYApBi4jmAdmwzE4myZDZ2WXmrhKWWNv4KzYWitj6A3b+jZNHoYmHe+Fwzr3M3ONHgmuw7W8rtbC4tLySXs2srW9sbmW3d2o6jBVlVRqKUDV8opngklWBg2CNSDES+ILV/f75yK/fMaV5KG9hELFWQLqSdzglYCQvm3PLTADBN2fOQ+HSu3IV7/aAKBXeYzeITR142bxdtMfA88SZkjyaouJlv9x2SOOASaCCaN107AhaCVHAqWDDjBtrFhHaJ13WNFSSgOlWMr5liPeN0sadUJmWgMfq742EBFoPAt9MBgR6etYbif95zRg6p62EyygGJunkoU4sMIR4FAxuc8UoiIEhhCpu/oppjyhCwcSXMSE4syfPk9ph0Tku2tdH+VJ5Gkca7aEcKiAHnaASukAVVEUUPaJn9IrerCfrxXq3PiajKWu6s4v+wPr8AanWmjI=</latexit>

�S = 1 (KL ! µµ)
<latexit sha1_base64="CGQoknce3s0yvpDYjyTyZHUteKA=">AAACA3icbVC7SgNBFJ2Nrxhfq3baDAYhFobZoGgjBEwhpIloHpBdltnJbDJk9sHMrBCWiI2/YmOhiK0/YeffOEm20OiBC4dz7uXee7yYM6kQ+jJyC4tLyyv51cLa+sbmlrm905JRIghtkohHouNhSTkLaVMxxWknFhQHHqdtb3g58dt3VEgWhbdqFFMnwP2Q+YxgpSXX3LNrlCsMby4q96W6i45tD4u0PnbRkWsWURlNAf8SKyNFkKHhmp92LyJJQENFOJaya6FYOSkWihFOxwU7kTTGZIj7tKtpiAMqnXT6wxgeaqUH/UjoChWcqj8nUhxIOQo83RlgNZDz3kT8z+smyj93UhbGiaIhmS3yEw5VBCeBwB4TlCg+0gQTwfStkAywwETp2Ao6BGv+5b+kVSlbp2V0fVKs1rI48mAfHIASsMAZqIIr0ABNQMADeAIv4NV4NJ6NN+N91pozspld8AvGxzdlXpYW</latexit>

�S = 2 (K0 � K̄0)and                    need a low cutoff <latexit sha1_base64="AfoUx8E6MQB1QIkBX350kvD8z8Y=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsxURZcFBV24qGAf0BlKJpNpQzOZkGSKZajgxl9x40IRt36EO//G9LHQ1gOBwznncnNPIBhV2nG+rdzS8srqWn69sLG5tb1j7+41VJJKTOo4YYlsBUgRRjmpa6oZaQlJUBww0gz6F2O/OSBS0YTf6aEgfoy6nEYUI22kjl30bkw4RNBDQsjkHla8kA7g8cMVaXTsklN2JoCLxJ2REpih1rG/vDDBaUy4xgwp1XYdof0MSU0xI6OClyoiEO6jLmkbylFMlJ9NjhjBQ6OEMEqkeVzDifp7IkOxUsM4MMkY6Z6a98bif1471dG5n1EuUk04ni6KUgZ1AseNwJBKgjUbGoKwpOavEPeQRFib3gqmBHf+5EXSqJTd07Jze1KqXs7qyIMiOABHwAVnoAquQQ3UAQaP4Bm8gjfryXqx3q2PaTRnzWb2wR9Ynz9D+Jc2</latexit>

⇤ ⇡ 2÷ 3 GeV

GIM:
<latexit sha1_base64="juMsnix3jAgv8KiPGk7iLgxjQsE="></latexit>

hµ = ū�µ(1 + �5)(c✓d+ s✓s) + c̄�µ(1 + �5)(c✓s� s✓d)

1972/73 G,W;P   Asymptotic Freedom
1972/73 G,F,B,L  “Coloured” quarks coupled to an octet of “gluons”

Weinberg synthesis:1973
A)  

<latexit sha1_base64="fFQqJG9at91KWpABkm40PJpYBt0=">AAACBnicbZDNSsNAFIUn9a/Wv6hLEQaL0G5KUhTdCAWFuqzUtIU2hMl00g6dTMLMRCihKze+ihsXirj1Gdz5Nk7bLLT1wMDHufdy5x4/ZlQqy/o2ciura+sb+c3C1vbO7p65f9CSUSIwcXDEItHxkSSMcuIoqhjpxIKg0Gek7Y+up/X2AxGSRvxejWPihmjAaUAxUtryzOP6Fax7zZ6iIZGw6ZSq5Yydkl32zKJVsWaCy2BnUASZGp751etHOAkJV5ghKbu2FSs3RUJRzMik0EskiREeoQHpauRIb3LT2RkTeKqdPgwioR9XcOb+nkhRKOU49HVniNRQLtam5n+1bqKCSzelPE4U4Xi+KEgYVBGcZgL7VBCs2FgDwoLqv0I8RAJhpZMr6BDsxZOXoVWt2OcV6+6sWLvJ4siDI3ACSsAGF6AGbkEDOACDR/AMXsGb8WS8GO/Gx7w1Z2Qzh+CPjM8fo++Wrg==</latexit>

G = GS ⇥ SU(2)⇥ U(1)

B)    ’s form a non-chiral rep of <latexit sha1_base64="mks9xa8KzDP67wo89Ni5U6ZGji0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNBQY+V2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZekAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8pAzaqzUuO03+uWKW3XnIH+Jl5MK5Kj3y5+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmJVQYkjJUtachc/TmR0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyX9I6q3oXVff+vFK7yeMowhEcwyl4cAk1uIM6NIHBEJ7gBV4d4Tw7b877orXg5DOH8AvOxzf2b42X</latexit>

GS
<latexit sha1_base64="offg1Vr7n3VLXeZ3gaf5uHv6BXk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoseCHjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OZ+54lpw2P1aKcJCyQZKR5xSmwu9ZuGD6o1r+7NgVeJX5AaFGgOql/9YUxTyZSlghjT873EBhnRllPBZpV+alhC6ISMWM9RRSQzQTa/dYbPnDLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08FReCv/zyKmlf1P2ruvdwWWvcFXGU4QRO4Rx8uIYG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH/VcjjA=</latexit>

 

C)    ’s are     -neutral, so that       leaves    unbroken<latexit sha1_base64="mks9xa8KzDP67wo89Ni5U6ZGji0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNBQY+V2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZekAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8pAzaqzUuO03+uWKW3XnIH+Jl5MK5Kj3y5+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmJVQYkjJUtachc/TmR0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyX9I6q3oXVff+vFK7yeMowhEcwyl4cAk1uIM6NIHBEJ7gBV4d4Tw7b877orXg5DOH8AvOxzf2b42X</latexit>

GS
<latexit sha1_base64="PrdugM9O+0pK+8GgvI1PqfFko7s=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNBDx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcKZNq777VTW1jc2t6rbtZ3dvf2D+uFRV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepv7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqo33KZbAK0SryQNKNEe1b+G45ikgkpDONZ64LmJ8TOsDCOczmvDVNMEkyme0IGlEguq/ay4dY7OrDJGYaxsSYMK9fdEhoXWMxHYToFNpJe9XPzPG6QmvPEzJpPUUEkWi8KUIxOj/HE0ZooSw2eWYKKYvRWRCCtMjI2nZkPwll9eJd2LpnfVdB8uG627Mo4qnMApnIMH19CCe2hDBwhE8Ayv8OYI58V5dz4WrRWnnDmGP3A+fwAVdI5F</latexit>

�
<latexit sha1_base64="mks9xa8KzDP67wo89Ni5U6ZGji0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNBQY+V2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZekAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8pAzaqzUuO03+uWKW3XnIH+Jl5MK5Kj3y5+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmJVQYkjJUtachc/TmR0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyX9I6q3oXVff+vFK7yeMowhEcwyl4cAk1uIM6NIHBEJ7gBV4d4Tw7b877orXg5DOH8AvOxzf2b42X</latexit>

GS
<latexit sha1_base64="OiU+ZFYPyU2k8PWe4bAmSGHZ1rU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9CAS0IPHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7S0tr6yurRc2iptb2zu7pb39hlGpJrROFFe6FWFDOZO0bpnltJVoikXEaTMa3kz85hPVhin5YEcJDQXuSxYzgq2TGledZMCuu6WyX/GnQIskyEkZctS6pa9OT5FUUGkJx8a0Az+xYYa1ZYTTcbGTGppgMsR92nZUYkFNmE2vHaNjp/RQrLQradFU/T2RYWHMSESuU2A7MPPeRPzPa6c2vgwzJpPUUklmi+KUI6vQ5HXUY5oSy0eOYKKZuxWRAdaYWBdQ0YUQzL+8SBqnleC84t+flau3eRwFOIQjOIEALqAKd1CDOhB4hGd4hTdPeS/eu/cxa13y8pkD+APv8wcbCo7T</latexit>

< � >

Why WI do not produce P and S violations of order   ?<latexit sha1_base64="VnEoSvpPRxj0k5qOPnqdaKR3n0g=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZLapror6MJlBfuANpTJdNKOncyEmYlQQv/BjQtF3Po/7vwbJ20EFT1w4XDOvdx7TxAzqrTjfFiFldW19Y3iZmlre2d3r7x/0FEikZi0sWBC9gKkCKOctDXVjPRiSVAUMNINppeZ370nUlHBb/UsJn6ExpyGFCNtpM4AsXiChuWKY3ueV6+60LGdBTLSuPDOatDNlQrI0RqW3wcjgZOIcI0ZUqrvOrH2UyQ1xYzMS4NEkRjhKRqTvqEcRUT56eLaOTwxygiGQpriGi7U7xMpipSaRYHpjJCeqN9eJv7l9RMdnvsp5XGiCcfLRWHCoBYwex2OqCRYs5khCEtqboV4giTC2gRUMiF8fQr/J52q7dZt56ZWaV7lcRTBETgGp8AFDdAE16AF2gCDO/AAnsCzJaxH68V6XbYWrHzmEPyA9fYJ3PyPVQ==</latexit>↵

<latexit sha1_base64="JauXYPeYZYF1b3Jc/B/LYAtJOF4="></latexit>

Lstrong = � ̄Z �µDµ �  ̄m � 1/4ZA
abFaµ⌫F

bµ⌫

By    redefinition, P and S are accidental symmetries<latexit sha1_base64="offg1Vr7n3VLXeZ3gaf5uHv6BXk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoseCHjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OZ+54lpw2P1aKcJCyQZKR5xSmwu9ZuGD6o1r+7NgVeJX5AaFGgOql/9YUxTyZSlghjT873EBhnRllPBZpV+alhC6ISMWM9RRSQzQTa/dYbPnDLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08FReCv/zyKmlf1P2ruvdwWWvcFXGU4QRO4Rx8uIYG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH/VcjjA=</latexit>

 
of the strong (and the em) interactions



All of Particle Physics in 1 page

G = SU(3)� SU(2)� U(1) (local)

3. All “operators” (local products of         )                   �, �µ�
Lin    of dimension ≤ 4

� = c = 1� [Aµ] = [�] = [�µ] = M, [�] = M3/2, [L] = M4

1. Symmetry group L⇥ G

2. Particle content (rep.s of        )        L⇥ G

= Lorentz (space-time)L

Lorentz 0 1/2L 1/2L

h u d e

SU(3)
SU(2)
U(1)

1/2R 1/2R1/2R

3 33 111

11 1222

�1/2 1/6 �1/2 �1�1/32/3

Q L
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The amazing success of the SM, so far (1974   now)



The discovery of neutral currents

8/19

Weinberg 1972
<latexit sha1_base64="m4VDsbhGWnFPd6EG7X9LGTTarRc="></latexit>

0.15  d�(⌫µp ! ⌫µp)/dq2

d�(⌫µn ! µp)/dq2
 0.25
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Weinberg 1972
<latexit sha1_base64="m4VDsbhGWnFPd6EG7X9LGTTarRc="></latexit>

0.15  d�(⌫µp ! ⌫µp)/dq2

d�(⌫µn ! µp)/dq2
 0.25

1974 CERN Gargamelle
<latexit sha1_base64="ZNKw8A4TzaI0sie/KCvd1R+h2C4=">AAACDnicbVDLSgMxFM3UV62vUZdugqVQN2WmVHQjFMaFK6lgH9ApJZNm2tAkMyQZoQz9Ajf+ihsXirh17c6/MW1noa0Hwj2ccy839wQxo0o7zreVW1vf2NzKbxd2dvf2D+zDo5aKEolJE0cskp0AKcKoIE1NNSOdWBLEA0bawdib+e0HIhWNxL2exKTH0VDQkGKkjdS3S34oEU5vvWnqedOyL5K+z5MzeAWdSrXqx9xUp9a3i6bMAVeJm5EiyNDo21/+IMIJJ0JjhpTquk6seymSmmJGpgU/USRGeIyGpGuoQJyoXjo/ZwpLRhnAMJLmCQ3n6u+JFHGlJjwwnRzpkVr2ZuJ/XjfR4WUvpSJONBF4sShMGNQRnGUDB1QSrNnEEIQlNX+FeIRMPtokWDAhuMsnr5JWteKeV5y7WrF+ncWRByfgFJSBCy5AHdyABmgCDB7BM3gFb9aT9WK9Wx+L1pyVzRyDP7A+fwBC6Jmp</latexit>

NC

CC
(⌫µ) = 0.22± 0.04

D. Haidt

The discovery of neutral currents



The progressive discovery of all the expected particles
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�e(1956)

�µ(1962)µ(1937)

e(1897)u(1968) d(1968)

s(1968)

<latexit sha1_base64="aYOs2KIoD6ifmyBpLYj2Ole6BL4=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpeyKRb1V9OCxgv2A7VKyabYNTbJLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut7Oyura+sVnYKm7v7O7tlw4OWyZONWVNGotYd0JimOCKNYGDYJ1EMyJDwdrh6Hbqt5+YNjxWjzBOWCDJQPGIUwJW8m96XZlWvGu3dtYrld2qOwNeJl5OyihHo1f66vZjmkqmgApijO+5CQQZ0cCpYJNiNzUsIXREBsy3VBHJTJDNTp7gU6v0cRRrWwrwTP09kRFpzFiGtlMSGJpFbyr+5/kpRFdBxlWSAlN0vihKBYYYT//Hfa4ZBTG2hFDN7a2YDokmFGxKRRuCt/jyMmmdV71a1X24KNfv8jgK6BidoAry0CWqo3vUQE1EUYye0St6c8B5cd6dj3nripPPHKE/cD5/AD4fj+w=</latexit>

Aµ(1905)

In 1973, when all the ingredients of the SM
were there, including CPV if 3 families,…
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�e(1956)

�µ(1962)µ(1937)

e(1897)u(1968) d(1968)

s(1968)

<latexit sha1_base64="aYOs2KIoD6ifmyBpLYj2Ole6BL4=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpeyKRb1V9OCxgv2A7VKyabYNTbJLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut7Oyura+sVnYKm7v7O7tlw4OWyZONWVNGotYd0JimOCKNYGDYJ1EMyJDwdrh6Hbqt5+YNjxWjzBOWCDJQPGIUwJW8m96XZlWvGu3dtYrld2qOwNeJl5OyihHo1f66vZjmkqmgApijO+5CQQZ0cCpYJNiNzUsIXREBsy3VBHJTJDNTp7gU6v0cRRrWwrwTP09kRFpzFiGtlMSGJpFbyr+5/kpRFdBxlWSAlN0vihKBYYYT//Hfa4ZBTG2hFDN7a2YDokmFGxKRRuCt/jyMmmdV71a1X24KNfv8jgK6BidoAry0CWqo3vUQE1EUYye0St6c8B5cd6dj3nripPPHKE/cD5/AD4fj+w=</latexit>

Aµ(1905)

In 1973, when all the ingredients of the SM
were there, including CPV if 3 families,…

�e(1956)

�µ(1962)

�� (2000)

µ(1937)

�(1975)

e(1897)

b(1977)t(1994)

c(1974)

u(1968) d(1968)

s(1968)

Wµ(1984) Zµ(1984)Aµ(1905)✱

✱

h(2012)

✱

<latexit sha1_base64="Q0HL/hNtheCqlPjGqLFUs4YisEo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXlNpb0YMeK9gP2C4lm2bb0CS7JLNCKf0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v53c2vrG5lZ+u7Czu7d/UDw8apk41ZQ1aSxi3QmJYYIr1gQOgnUSzYgMBWuHo9uZ335i2vBYPcI4YYEkA8UjTglYyb/rdWVa9mrV2nmvWHIr7hx4lXgZKaEMjV7xq9uPaSqZAiqIMb7nJhBMiAZOBZsWuqlhCaEjMmC+pYpIZoLJ/OQpPrNKH0extqUAz9XfExMijRnL0HZKAkOz7M3E/zw/heg6mHCVpMAUXSyKUoEhxrP/cZ9rRkGMLSFUc3srpkOiCQWbUsGG4C2/vEpaFxXvquI+XJbqN1kceXSCTlEZeaiK6ugeNVATURSjZ/SK3hxwXpx352PRmnOymWP0B87nD1eXj/s=</latexit>

Gµ(1979)

The progressive discovery of all the expected particles
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Sterman, Weinberg

Precision in QCD 

1977

PDG, 2021
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Precision in QCD and in the electroweak <latexit sha1_base64="k/9G4Qo6Ry7rTg5dd2UvMxkQBic=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBahvYSktE29FfTgsaJpC20om+22XbrZhN1NoYT+Ey8eFPHqP/Hmv3HbRlDRBwOP92aYmRfEjEpl2x9GbmNza3snv1vY2z84PDKPT9oySgQmHo5YJLoBkoRRTjxFFSPdWBAUBox0gunV0u/MiJA04vdqHhM/RGNORxQjpaWBad55pUq5r2hIJPRKTnlgFm2rXnddtwFty15BE8e5rNaq0MmUIsjQGpjv/WGEk5BwhRmSsufYsfJTJBTFjCwK/USSGOEpGpOephzpTX66unwBL7QyhKNI6OIKrtTvEykKpZyHge4MkZrI395S/MvrJWrU8FPK40QRjteLRgmDKoLLGOCQCoIVm2uCsKD6VognSCCsdFgFHcLXp/B/0q5YTs2yb6vF5nUWRx6cgXNQAg5wQRPcgBbwAAYz8ACewLORGo/Gi/G6bs0Z2cwp+AHj7RNaKZIy</latexit>

SU(2)⇥ U(1)

red:inputs
deBlas et al, 2021

Each predicted observable 

green
charged current

blue
neutral current

removed from the fit

<latexit sha1_base64="xKQ3A856CytxvT/JiBntsUSTIEA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbRRSmJKLos6MJlBfuANpTJZJIOnTyYuSmU0I0bf8WNC0Xc+g/u/BunbUBtPTBwOOce7tzjJoIrsKwvo7C0vLK6VlwvbWxube+Yu3tNFaeSsgaNRSzbLlFM8Ig1gINg7UQyErqCtdzB9cRvDZlUPI7uYZQwJyRBxH1OCWipZx4GFRycVPCwgrtCxzzSgx9qlq2qNQVeJHZOyihHvWd+dr2YpiGLgAqiVMe2EnAyIoFTwcalbqpYQuiABKyjaURCppxsesUYH2vFw34s9YsAT9XfiYyESo1CV0+GBPpq3puI/3mdFPwrJ+NRkgKL6GyRnwoMMZ5Ugj0uGQUx0oRQyfVfMe0TSSjo4kq6BHv+5EXSPKvaF1Xr7rxcu8nrKKIDdIROkY0uUQ3dojpqIIoe0BN6Qa/Go/FsvBnvs9GCkWf20R8YH9+AXpax</latexit>

g, g0, v,�t,�

Sterman, Weinberg1977

PDG, 2021



More on the precision of the “electroweak fit”
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deBlas et al, 2021

However…

and      NOT calculable in the SM<latexit sha1_base64="p//KAeH6hN1keIHCjnipYm37hoA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TKghWVEYwLJEfY2e8mS3b1jd04IIT/BxkIRW3+Rnf/GTXKFJj4YeLw3w8y8KJXCou9/e4WV1bX1jeJmaWt7Z3evvH/waJPMMN5giUxMK6KWS6F5AwVK3koNpyqSvBkNr6d+84kbKxL9gKOUh4r2tYgFo+ike9XFbrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXaTx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH2Jmjd4=</latexit>mt
<latexit sha1_base64="qhr64kh/gDAEn/EmGM6NIjTnWSo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNBD16EivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjrtXrlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW9P6/UbvI4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDBbKNoQ==</latexit>

MW

1994 
<latexit sha1_base64="heHSBiEkUy28Yq4dUrx57tvahXA=">AAACCHicbVDLSgMxFM34rPU16tKFwSIIYpn4oHUhFBR0WcE+oK1DJk3b0GRmSDJCGcadG3/FjQtF3PoJ7vwb03YW2nrgwuGce7n3Hi/kTGnH+bZmZufmFxYzS9nlldW1dXtjs6qCSBJaIQEPZN3DinLm04pmmtN6KCkWHqc1r38x9Gv3VCoW+Ld6ENKWwF2fdRjB2kiuvSNcDc8hKhSaoYDo+C4+QMXEjQ/RWfJwRauunXPyzghwmqCU5ECKsmt/NdsBiQT1NeFYqQZyQt2KsdSMcJpkm5GiISZ93KUNQ30sqGrFo0cSuGeUNuwE0pSv4Uj9PRFjodRAeKZTYN1Tk95Q/M9rRLpTbMXMDyNNfTJe1Ik41AEcpgLbTFKi+cAQTCQzt0LSwxITbbLLmhDQ5MvTpHqUR6d55+YkV7pM48iAbbAL9gECBVAC16AMKoCAR/AMXsGb9WS9WO/Wx7h1xkpntsAfWJ8/2bqXWA==</latexit>

mt = 177± 13+18
�19 GeV

2012
<latexit sha1_base64="8RycuopsPElWC2E0+ZKfgmUOW7M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARBLEkVakuhIKCXVawD2hjmEyn7dDJJMxMhBIj+CtuXCji1t9w5984bbPQ1gMXDufcy733eCGjUlnWt5GZm19YXMou51ZW19Y3zM2tugwigUkNBywQTQ9JwignNUUVI81QEOR7jDS8weXIb9wTIWnAb9UwJI6Pepx2KUZKS66547uVi/PSXXxYPE7c+MguJY/XpO6aeatgjQFniZ2SPEhRdc2vdifAkU+4wgxJ2bKtUDkxEopiRpJcO5IkRHiAeqSlKUc+kU48vj+B+1rpwG4gdHEFx+rviRj5Ug59T3f6SPXltDcS//NakeqeOTHlYaQIx5NF3YhBFcBRGLBDBcGKDTVBWFB9K8R9JBBWOrKcDsGefnmW1IsF+7Rg3Zzky1dpHFmwC/bAAbBBCZRBBVRBDWDwAJ7BK3gznowX4934mLRmjHRmG/yB8fkDtNuUoA==</latexit>

mH = 97+23
�17 GeV
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Two effective parameters from
all Z-pole obs.s and the W-mass

deBlas et al, 2021 deBlas et al, 2020

However…

and      NOT calculable in the SM<latexit sha1_base64="p//KAeH6hN1keIHCjnipYm37hoA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TKghWVEYwLJEfY2e8mS3b1jd04IIT/BxkIRW3+Rnf/GTXKFJj4YeLw3w8y8KJXCou9/e4WV1bX1jeJmaWt7Z3evvH/waJPMMN5giUxMK6KWS6F5AwVK3koNpyqSvBkNr6d+84kbKxL9gKOUh4r2tYgFo+ike9XFbrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXaTx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH2Jmjd4=</latexit>mt
<latexit sha1_base64="qhr64kh/gDAEn/EmGM6NIjTnWSo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNBD16EivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjrtXrlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW9P6/UbvI4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDBbKNoQ==</latexit>

MW

1994 
<latexit sha1_base64="heHSBiEkUy28Yq4dUrx57tvahXA=">AAACCHicbVDLSgMxFM34rPU16tKFwSIIYpn4oHUhFBR0WcE+oK1DJk3b0GRmSDJCGcadG3/FjQtF3PoJ7vwb03YW2nrgwuGce7n3Hi/kTGnH+bZmZufmFxYzS9nlldW1dXtjs6qCSBJaIQEPZN3DinLm04pmmtN6KCkWHqc1r38x9Gv3VCoW+Ld6ENKWwF2fdRjB2kiuvSNcDc8hKhSaoYDo+C4+QMXEjQ/RWfJwRauunXPyzghwmqCU5ECKsmt/NdsBiQT1NeFYqQZyQt2KsdSMcJpkm5GiISZ93KUNQ30sqGrFo0cSuGeUNuwE0pSv4Uj9PRFjodRAeKZTYN1Tk95Q/M9rRLpTbMXMDyNNfTJe1Ik41AEcpgLbTFKi+cAQTCQzt0LSwxITbbLLmhDQ5MvTpHqUR6d55+YkV7pM48iAbbAL9gECBVAC16AMKoCAR/AMXsGb9WS9WO/Wx7h1xkpntsAfWJ8/2bqXWA==</latexit>

mt = 177± 13+18
�19 GeV

2012
<latexit sha1_base64="8RycuopsPElWC2E0+ZKfgmUOW7M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARBLEkVakuhIKCXVawD2hjmEyn7dDJJMxMhBIj+CtuXCji1t9w5984bbPQ1gMXDufcy733eCGjUlnWt5GZm19YXMou51ZW19Y3zM2tugwigUkNBywQTQ9JwignNUUVI81QEOR7jDS8weXIb9wTIWnAb9UwJI6Pepx2KUZKS66547uVi/PSXXxYPE7c+MguJY/XpO6aeatgjQFniZ2SPEhRdc2vdifAkU+4wgxJ2bKtUDkxEopiRpJcO5IkRHiAeqSlKUc+kU48vj+B+1rpwG4gdHEFx+rviRj5Ug59T3f6SPXltDcS//NakeqeOTHlYaQIx5NF3YhBFcBRGLBDBcGKDTVBWFB9K8R9JBBWOrKcDsGefnmW1IsF+7Rg3Zzky1dpHFmwC/bAAbBBCZRBBVRBDWDwAJ7BK3gznowX4934mLRmjHRmG/yB8fkDtNuUoA==</latexit>

mH = 97+23
�17 GeV

More on the precision of the “electroweak fit”

The “gauge sector” of the SM established!



The “ultimate” precision
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<latexit sha1_base64="b0ZR9q23/rDpCN/R33xI3YdFYT8="></latexit>

aexpe = 1 159 652 180.73(0.28)⇥ 10�12

<latexit sha1_base64="xlTF3u5x/dDnoGTmjd/D5OQBTJs="></latexit>

athe = 1 159 652 181.78(6)(4)(3)(77)⇥ 10�12

<latexit sha1_base64="zcQnEOW8LOwUUWwu/7baswkKqWw="></latexit>

aexpµ = 1 165 920 6.1(4.1)⇥ 10�10

<latexit sha1_base64="pRVSVNWvUf+C8WhrJj8u4TT5pFs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqceCHjxWsB/QhrLZbtqlm82yuxFKqP/BiwdFvPp7vPlv3LQ5aOuDgcd7M8zMCyVn2njet1NaW9/Y3CpvV3Z29/YPqodHbZ2kitAWSXiiuiHWlDNBW4YZTrtSURyHnHbCyU3udx6p0iwRD2YqaRDjkWARI9hYqeO59Scpw0G15rneHGiV+AWpQYHmoPrVHyYkjakwhGOte74nTZBhZRjhdFbpp5pKTCZ4RHuWChxTHWTzc2fozCpDFCXKljBorv6eyHCs9TQObWeMzVgve7n4n9dLTXQdZEzI1FBBFouilCOToPx3NGSKEsOnlmCimL0VkTFWmBibUMWG4C+/vEraF65/5Xr3l7XGbRFHGU7gFM7Bhzo04A6a0AICE3iGV3hzpPPivDsfi9aSU8wcwx84nz+ed48b</latexit>

0.7 ppb

<latexit sha1_base64="C9HD640ft1bXxUHcY40ya4Rl6Bc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVih4LevBYwX5Au5Rsmm1Dk2xIskJZ6n/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRyySpJrRJEp7oToQN5UzSpmWW047SFIuI03Y0vpn57UeqDUvkg50oGgo8lCxmBFsntf1q7Ukp0S9X/Ko/B1olQU4qkKPRL3/1BglJBZWWcGxMN/CVDTOsLSOcTku91FCFyRgPaddRiQU1YTY/d4rOnDJAcaJdSYvm6u+JDAtjJiJynQLbkVn2ZuJ/Xje18XWYMalSSyVZLIpTjmyCZr+jAdOUWD5xBBPN3K2IjLDGxLqESi6EYPnlVdK6qAaXVf++Vqnf5nEU4QRO4RwCuII63EEDmkBgDM/wCm+e8l68d+9j0Vrw8plj+APv8weqi48j</latexit>

0.4 ppm

Jackiw, Weinberg1972
<latexit sha1_base64="vVLFVYqO8kJP74RubpKFCPS1tO4="></latexit>

�aµ(Weak) =
GFm2

µ

⇡2
p
2
[
5

12
+

4

3
(sin2✓W � 1

4
)2]

~B

<latexit sha1_base64="5uIptLkHhjWVZ1BQlDn8sCAtM44="></latexit>

athµ = 1 165 918 1.0(4.0)(1.8)⇥ 10�10



L⇠SM =�1
4

Fa
µnFaµn + iȳ 6Dy (∿1974-2000)

+|Dµh|2�V (h) (∿1990-2012-now)

+yili jy jh+h.c. (∿2000- now)

In () the approximate dates of the experimental confirmation
of the various lines (at different levels)

The synthetic nature of Particle Physics, once again
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L⇠SM =�1
4

Fa
µnFaµn + iȳ 6Dy (∿1974-2000)

+|Dµh|2�V (h) (∿1990-2012-now)

+yili jy jh+h.c. (∿2000- now)

In () the approximate dates of the experimental tests
of the various lines (at different levels)

The synthetic nature of Particle Physics, once again

 Weinberg: The world of physical phenomena reduced to a finite
set of fundamental equations/principles

13/19



The future of the Standard Model (now    )



The “gauge sector”
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The “Higgs sector”

<latexit sha1_base64="CSnNDBzU2fJ9hrThNIekAUT7YK4="></latexit>

LSM = �1

4
F a
µ⌫F

aµ⌫ + i ̄ /Dµ + |Dµ�|2

<latexit sha1_base64="HCa3d0M+N9aJBVtD2Fp4sIMRlq4="></latexit>

+M2|�|2 � �|�|4 � ⇤+ �ij� ̄i j

A difference in the two sectors of the SM?



The “gauge sector”

A difference in the two sectors of the SM?

the hierarchy

14/19

The “Higgs sector”

problem
the CC problem

problem
the flavour

In EFT they look
much the same

No particle mass 
calculable

<latexit sha1_base64="CSnNDBzU2fJ9hrThNIekAUT7YK4="></latexit>

LSM = �1

4
F a
µ⌫F

aµ⌫ + i ̄ /Dµ + |Dµ�|2

<latexit sha1_base64="HCa3d0M+N9aJBVtD2Fp4sIMRlq4="></latexit>

+M2|�|2 � �|�|4 � ⇤+ �ij� ̄i j

Can we tell for sure that we know the true nature of EWSB?
(a pretty conservative question, yes)



Comparing precision
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 H-couplings 
<latexit sha1_base64="wRrJm3wrp69D35cztd92vnvsL+k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LJZCvZSkWPRY9OKxgv2AJpTNZtMu3WzC7qZQQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZ5yecKW3b31Zha3tnd6+4Xzo4PDo+KZ+edVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT+4Xfm9KpWKxeNKzhHoRHgkWMoK1kdxa0w3YFDXsK7c6LFfsur0E2iROTiqQoz0sf7lBTNKICk04Vmrg2In2Miw1I5zOS26qaILJBI/owFCBI6q8bHnzHFWNEqAwlqaERkv190SGI6VmkW86I6zHat1biP95g1SHt17GRJJqKshqUZhypGO0CAAFTFKi+cwQTCQztyIyxhITbWIqmRCc9Zc3SbdRd5p1+/G60rrL4yjCBVxCDRy4gRY8QBs6QCCBZ3iFNyu1Xqx362PVWrDymXP4A+vzB6NOkB4=</latexit>

(5÷ 20)%

against EWPT
<latexit sha1_base64="kjyH95D75iRvgKUiPPecTiPJwaI=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyFugkTH+iy6MZlBVsLTSiTyaQdOpmEmUmhhn6JGxeKuPVT3Pk3TtsstPXAhcM593LvPUHKmdIIfVultfWNza3ydmVnd2+/ah8cdlSSSULbJOGJ7AZYUc4EbWumOe2mkuI44PQxGN3O/McxlYol4kFPUurHeCBYxAjWRurb1QZyXC9kY4ic81Ov3rdryEFzwFXiFqQGCrT69pcXJiSLqdCEY6V6Lkq1n2OpGeF0WvEyRVNMRnhAe4YKHFPl5/PDp7BulBBGiTQlNJyrvydyHCs1iQPTGWM9VMveTPzP62U6uvZzJtJMU0EWi6KMQ53AWQowZJISzSeGYCKZuRWSIZaYaJNVxYTgLr+8SjpnjnvpoPuLWvOmiKMMjsEJaAAXXIEmuAMt0AYEZOAZvII368l6sd6tj0VrySpmjsAfWJ8/YXqQ9g==</latexit>

(0.1÷ 0.3)%



Comparing precision
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that a “Higgs factory” is due… 

What for?

- precision in H-couplings below 1%
- test H-couplings to the 2nd generation
- test H-self coupling
- test rare 

<latexit sha1_base64="UsywO+h3n7A2F9znJjV863//s2c="></latexit>

(h ! Z�, ⌧µ, ⌧e, µe, CPV )
and invisible H-decays

This and the previous page make it

(Best if on the way to a higher energy collider)

 H-couplings 
<latexit sha1_base64="wRrJm3wrp69D35cztd92vnvsL+k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LJZCvZSkWPRY9OKxgv2AJpTNZtMu3WzC7qZQQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZ5yecKW3b31Zha3tnd6+4Xzo4PDo+KZ+edVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT+4Xfm9KpWKxeNKzhHoRHgkWMoK1kdxa0w3YFDXsK7c6LFfsur0E2iROTiqQoz0sf7lBTNKICk04Vmrg2In2Miw1I5zOS26qaILJBI/owFCBI6q8bHnzHFWNEqAwlqaERkv190SGI6VmkW86I6zHat1biP95g1SHt17GRJJqKshqUZhypGO0CAAFTFKi+cwQTCQztyIyxhITbWIqmRCc9Zc3SbdRd5p1+/G60rrL4yjCBVxCDRy4gRY8QBs6QCCBZ3iFNyu1Xqx362PVWrDymXP4A+vzB6NOkB4=</latexit>

(5÷ 20)%

against EWPT
<latexit sha1_base64="kjyH95D75iRvgKUiPPecTiPJwaI=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyFugkTH+iy6MZlBVsLTSiTyaQdOpmEmUmhhn6JGxeKuPVT3Pk3TtsstPXAhcM593LvPUHKmdIIfVultfWNza3ydmVnd2+/ah8cdlSSSULbJOGJ7AZYUc4EbWumOe2mkuI44PQxGN3O/McxlYol4kFPUurHeCBYxAjWRurb1QZyXC9kY4ic81Ov3rdryEFzwFXiFqQGCrT69pcXJiSLqdCEY6V6Lkq1n2OpGeF0WvEyRVNMRnhAe4YKHFPl5/PDp7BulBBGiTQlNJyrvydyHCs1iQPTGWM9VMveTPzP62U6uvZzJtJMU0EWi6KMQ53AWQowZJISzSeGYCKZuRWSIZaYaJNVxYTgLr+8SjpnjnvpoPuLWvOmiKMMjsEJaAAXXIEmuAMt0AYEZOAZvII368l6sd6tj0VrySpmjsAfWJ8/YXqQ9g==</latexit>

(0.1÷ 0.3)%

- …



�Gµ�G̃µ�2. Why              ?� � 10�10

 Problems of (questions for) the SM

1. Phenomena unaccounted for

3.                  only?Oi : d(Oi) � 4

4. Lack of calculability 

neutrino masses
Dark matter

Axions?

Are the protons forever?
neutrino masses

0. Which rationale for matter quantum numbers?

matter-antimatter asymmetry
inflation?

the hierarchy problem
the flavour problem

|Qp + Qe| < 10�21e

16/19

GG, GQW 1974

W 1979

PQ 1977 W 1977



Current anomalies (a partial list)
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Current anomalies (a partial list)
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General lessons:

If confirmed, in my view:

- a precision programme to be followed

(not the subject of this talk)

- in many cases <latexit sha1_base64="Ovjn8t8v7hoPGJCbNImYif5PokY=">AAACF3icdVDLSgMxFM34rPU16k43wSK4KjPaokIXBV24rGAf0A5DJr3thGYeJBmxDAV/wx9wq3/gTty69Af8DjN9gBU9EDj3nHu5uceLOZPKsj6NhcWl5ZXV3Fp+fWNza9vc2W3IKBEU6jTikWh5RAJnIdQVUxxasQASeBya3uAy85t3ICSLwls1jMEJSD9kPUaJ0pJr7nck6wfETZU/qlTwrIL7eOSaBatoWaXyhY0zkmFCTktlbE+VApqi5ppfnW5EkwBCRTmRsm1bsXJSIhSjHEb5TiIhJnRA+tDWNCQBSCcd3zDCR1rp4l4k9AsVHqs/J1ISSDkMPN0ZEOXL314m/uW1E9U7d1IWxomCkE4W9RKOVYSzQHCXCaCKDzUhVDD9V0x9IghVOra5LVIf5UM3C2Z2Pf6fNE6Kdrlo3ZQK1atpRDl0gA7RMbLRGaqia1RDdUTRA3pCz+jFeDRejTfjfdK6YExn9tAcjI9vnaWg5g==</latexit>

�th << �exp

in the coming years in flavour  
as in flavourless physics

- the coherence of B-decay anomalies
suggestive of an approximate

flavour symmetry
<latexit sha1_base64="MFXpJbQ+6f+vD1Pqb61fXGvNlq0=">AAACAXicdVDLTgJBEJzFF+IL9ehlIjHBC9lFiHoj0YNHTFwggZXMDg2MzM5uZmZNCOHkD3jVP/BmvPol/oDf4SysiRitpJNKVXe6q/2IM6Vt+8PKLC2vrK5l13Mbm1vbO/ndvYYKY0nBpSEPZcsnCjgT4GqmObQiCSTwOTT90UXiN+9BKhaKGz2OwAvIQLA+o0QbqeEWy8e3opsv2CXbrlTPHZyQBHNyUqliJ1UKKEW9m//s9EIaByA05USptmNH2psQqRnlMM11YgURoSMygLahggSgvMns2ik+MkoP90NpSmg8U39OTEig1DjwTWdA9FD99hLxL68d6/6ZN2EiijUIOl/UjznWIU6i4x6TQDUfG0KoZOZWTIdEEqrNgxa2KBNqCL2pecx3evw/aZRLTrVkX1cKtcv0RVl0gA5RETnoFNXQFaojF1F0hx7RE3q2HqwX69V6m7dmrHRmHy3Aev8C+YKXSA==</latexit>

U(2)n

a sign of supersymmetry
-       “easily” interpreted as 

<latexit sha1_base64="O/iOVOiSgnJw84v9c2v8em8+Eys=">AAACB3icdVDLSsNAFJ3UV62vqks3g0VwVRJtUXcFu3BZwT6gCWUyuW2HziRhZiKU0A/wB9zqH7gTt36GP+B3OGkjWNEDFw7n3Mu99/gxZ0rb9odVWFldW98obpa2tnd298r7Bx0VJZJCm0Y8kj2fKOAshLZmmkMvlkCEz6HrT64zv3sPUrEovNPTGDxBRiEbMkq0kVy3CVwTTAauSAblil217Vr9ysEZybAg57U6dnKlgnK0BuVPN4hoIiDUlBOl+o4day8lUjPKYVZyEwUxoRMygr6hIRGgvHR+8wyfGCXAw0iaCjWeqz8nUiKUmgrfdAqix+q3l4l/ef1EDy+9lIVxoiGki0XDhGMd4SwAHDAJVPOpIYRKZm7FdEwkodrEtLRFmafGEMxMMN/f4/9J56zq1Kv2ba3SaOYRFdEROkanyEEXqIFuUAu1EUUxekRP6Nl6sF6sV+tt0Vqw8plDtATr/QtN2JpE</latexit>

�aµ

If they are roses… they will flourish



Where is the scale of flavour?

1. Flavour physics confined to high energy

i = 1,...,5 = different Lorentz structures 

ΔF=2, UTfit 2019

2. New physics in the multiTeV hidden by
a suitable (approximate) flavour symmetry

LSMEFT = LSM + ⌃↵
i

C↵
i

(⇤↵
i )

2
(f̄f f̄f)↵i

α = K,D,Bd,Bs

⇤↵

p
C↵TeV

18/19

or



Let us make Weinberg speak
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From NYRB, November 7, 2012  “Physics: What We Do and Don’t Know”

“Even so, the Standard Model is clearly not the final theory. Its equations involve a score
of numbers, like the masses of quarks, that have to be taken from experiment without
our understanding why they are what they are. […] Further, the SM does not include the
longest-known and most familiar force, the forse of gravitation”



Let us make Weinberg speak
From NYRB, November 7, 2012  “Physics: What We Do and Don’t Know”

“Even so, the Standard Model is clearly not the final theory. Its equations involve a score
of numbers, like the masses of quarks, that have to be taken from experiment without
our understanding why they are what they are. […] Further, the SM does not include the
longest-known and most familiar force, the forse of gravitation”

“Inflation is naturally chaotic. Bubble form in the expanding universe […] perhaps each 
with different values for what we usually call the constants of nature.

If this is true, then the hope of finding a rational explanation for the precise values
of quark masses and other constants of the SM that we observe in our big bang is 
doomed. […] We would have to content ourselves with a crude anthropic explanation

So far, this anthropic speculation seems to provide the only explanation of the observed

of some aspects of the universe we see.

value of the dark energy.”

A few paragraphs later

19/19



Backup



RD(⇤) =
BR(B ! D(⇤)⌧⌫)

BR(B ! D(⇤)l⌫, l = µ, e)
RK(⇤) =

BR(B ! K(⇤)µµ)

BR(B ! K(⇤)ee)

A violation of Lepton Flavour Universality?

SM

together with other observables
<latexit sha1_base64="2L3Qxs/GFSV3LDSoEY1c6kvdAVQ=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZJQMdkVXOiygn1gG8pkOmmHzkzCzEQooX6FGxeKuPVv3Pk3TtsIKnrgwuGce7n3nihlVGnH+bBKK6tr6xvlzcrW9s7uXnX/oK2STGLSwglLZDdCijAqSEtTzUg3lQTxiJFONLmY+507IhVNxI2epiTkaCRoTDHSRrqt2959X9ERR4NqzbF9zw88Hzq2s4AhbuD6QQDdQqmBAs1B9b0/THDGidCYIaV6rpPqMEdSU8zIrNLPFEkRnqAR6RkqECcqzBcXz+CJUYYwTqQpoeFC/T6RI67UlEemkyM9Vr+9ufiX18t07Ic5FWmmicDLRXHGoE7g/H04pJJgzaaGICypuRXiMZIIaxNSxYTw9Sn8n7Q92z2znet6rXFZxFEGR+AYnAIXnIMGuAJN0AIYCPAAnsCzpaxH68V6XbaWrGLmEPyA9fYJRQKQsA==</latexit>

4.2 �
Yet too early to say

<latexit sha1_base64="MestPJhvc9HyJQzSLLdmWean164=">AAAB8XicdVDLSsNAFL3xWeur6tLNYBFchaS+kl3BhS4r2Ae2oUymk3boZBJmJkIp9SvcuFDErX/jzr9x2kZQ0QMXDufcy733hClnSjvOh7WwuLS8slpYK65vbG5tl3Z2GyrJJKF1kvBEtkKsKGeC1jXTnLZSSXEcctoMhxdTv3lHpWKJuNGjlAYx7gsWMYK1kW6P7bP7jmL9GHdLZcf2Kp5f8ZBjOzMY4vqu5/vIzZUy5Kh1S++dXkKymApNOFaq7TqpDsZYakY4nRQ7maIpJkPcp21DBY6pCsaziyfo0Cg9FCXSlNBopn6fGONYqVEcms4Y64H67U3Fv7x2piMvGDORZpoKMl8UZRzpBE3fRz0mKdF8ZAgmkplbERlgiYk2IRVNCF+fov9Jo2K7p7ZzfVKuXuZxFGAfDuAIXDiHKlxBDepAQMADPMGzpaxH68V6nbcuWPnMHvyA9fYJSaGQsw==</latexit>

3.6 �

Bernlochner et al 2021
SM



Still in the limbo, but

the expected future precision will settle the issue



··

⇠ = 0.1
0.2

 Higgs couplings
L = gfkFHf̄f + gV kV VµH

+
@µH

⇠ =
v2

f2

Now f & 600÷ 800 GeV

kF = kV =
p

1� ⇠

f ! 1÷ 1.5 TeV

⇠ ⇡ g2⇤v
2

m2
⇤





SUSY as an “EASY” and “MOTIVATED” 
IF       confirmed<latexit sha1_base64="KVXjG5ui+yRAO+oFVGdzW6/r9LY=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwFZJiqd0VFHRZwT6gCWUynbRDZyZhHkIJ/Q03LhRx68+482+ctgG1euDC4Zx7ufeeKGVUac/7dApr6xubW8Xt0s7u3v5B+fCooxIjMWnjhCWyFyFFGBWkralmpJdKgnjESDeaXM397gORiibiXk9TEnI0EjSmGGkrBcE1YRpBNAi4GZQrnluvNaqNKvRcb4Fv4uekAnK0BuWPYJhgw4nQmCGl+r6X6jBDUlPMyKwUGEVShCdoRPqWCsSJCrPFzTN4ZpUhjBNpS2i4UH9OZIgrNeWR7eRIj9WqNxf/8/pGx5dhRkVqNBF4uSg2DOoEzgOAQyoJ1mxqCcKS2lshHiOJsLYxlWwI/urLf0mn6vo117u7qDRv8jiK4AScgnPggzpoglvQAm2AQQoewTN4cYzz5Lw6b8vWgpPPHINfcN6/ALtAkYE=</latexit>

�aµ

1. Relevant (low energy) 
<latexit sha1_base64="C/PyaWbsx9MBYDWzUGJl+o6hIrM="></latexit>

M1b̃b̃, M2w̃w̃, mµ̃L µ̃
+
L µ̃L, mµ̃R µ̃

+
Rµ̃R, µH1H2, tan� =

< H2 >

< H1 >

2. Size of the effect:

<latexit sha1_base64="3+mlB7OUK9scsWidru1jHlcRZsI="></latexit>

�aµ|SUSY ⇡ g21
16⇡2

m2
µ
M1µ tan�

m2
µ̃L

m2
µ̃R

⇡ 2.5 · 10�9(
tan�

10
)(

µ

1 TeV
)(

M1

100 GeV
)(
200 GeV

mµ̃L

)2(
200 GeV

mµ̃R

)2

<latexit sha1_base64="un3uJ4CfnaTU2y+E6wAqp9qbF80=">AAACCXicbZC7SgNBFIZnvcb1tmppMxgEq7AbFG2EgIUWFlHMBZK4zE4myZCZ2WXmrBCWtDa+io2FIra+gZ1v4+RSaOIPBz7+cw4z548SwQ34/rezsLi0vLKaW3PXNza3tr2d3aqJU01ZhcYi1vWIGCa4YhXgIFg90YzISLBa1L8Y9WsPTBseqzsYJKwlSVfxDqcErBV6WIbZ9e3wvojPLTZliscFRDUjBsR1Qy/vF/yx8DwEU8ijqcqh99VsxzSVTAEVxJhG4CfQyogGTgUbus3UsITQPumyhkVFJDOtbHzJEB9ap407sbalAI/d3xsZkcYMZGQnJYGeme2NzP96jRQ6Z62MqyQFpujkoU4qMMR4FAtuc80oiIEFQjW3f8W0RzShYMMbhRDMnjwP1WIhOCn4N8f50uU0jhzaRwfoCAXoFJXQFSqjCqLoET2jV/TmPDkvzrvzMRldcKY7e+iPnM8f8OCYlg==</latexit>

m2
LR = mµµ tan�



No coloured partners below
<latexit sha1_base64="1osH1ot/XssqEz9EPUXs+5Z8zFY="></latexit>

1÷ 2 TeV

<latexit sha1_base64="tMkpiRVYDN2VzEdONs9/98h4V7E=">AAACHHicbVDJSgNBFOxxjeMW9eilMQgeJMy4oEfBg16ECFmETAg9PW9iY89i9xslDMl/ePFXvHhQxIsHwb+xsyBuBQ1F1Stev/JTKTQ6zoc1MTk1PTNbmLPnFxaXlosrq3WdZIpDjScyURc+0yBFDDUUKOEiVcAiX0LDvzoe+I0bUFokcRW7KbQi1olFKDhDI7WLu2ftXeqhkAHknd4X2fauMxbYxvQ6aNIRZf0QbvtVqNt2u1hyys4Q9C9xx6RExqi0i29ekPAsghi5ZFo3XSfFVs4UCi6hZ3uZhpTxK9aBpqExi0C38uFxPbpplICGiTIvRjpUvydyFmndjXwzGTG81L+9gfif18wwPGzlIk4zhJiPFoWZpJjQQVM0EAo4yq4hjCth/kr5JVOMo+lzUIL7++S/pL5TdvfLzvle6ehkXEeBrJMNskVcckCOyCmpkBrh5I48kCfybN1bj9aL9ToanbDGmTXyA9b7J+HDoTs=</latexit>

M3g̃g̃, M3 & a few TeV

No flavour violations <latexit sha1_base64="qmKXXibVkryrMYbM61rl69JeXF8="></latexit>

µ ! e�, ⌧ ! µ�, etc

<latexit sha1_base64="BH1RHPLg/JAOpp+jbeyRfaIJJKQ=">AAACInicbZDLSgMxFIYz9VbrrerSTbAIrsqMKOpCKLjQhYsK9gJtGTLpaRuazAzJGaEMfRY3voobF4q6EnwY0wuorT8Efr5zDifnD2IpDLrup5NZWFxaXsmu5tbWNza38ts7VRMlmkOFRzLS9YAZkCKECgqUUI81MBVIqAX9y1G9dg/aiCi8w0EMLcW6oegIztAiP3+u/LSJQrYhhaF/M6QXuR/SVMk8QzaBfr7gFt2x6LzxpqZApir7+fdmO+KJghC5ZMY0PDfGVso0Ci5hmGsmBmLG+6wLDWtDpsC00vGJQ3pgSZt2Im1fiHRMf0+kTBkzUIHtVAx7ZrY2gv/VGgl2zlqpCOMEIeSTRZ1EUozoKC/aFho4yoE1jGth/0p5j2nG0aaasyF4syfPm+pR0TspurfHhdLVNI4s2SP75JB45JSUyDUpkwrh5IE8kRfy6jw6z86b8zFpzTjTmV3yR87XNx0mpKQ=</latexit>mẽL = mµ̃L = m⌧̃L (and similarly for         )<latexit sha1_base64="gj9J5Bc8Fqw0Lc+yek96JUqEVCQ=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiSi6LLgQpdV7APaECaTSTt0ZhJmJkqJ+RQ3LhRx65e482+ctFlo64ELh3Pu5d57goRRpR3n26qsrK6tb1Q3a1vbO7t7dn2/q+JUYtLBMYtlP0CKMCpIR1PNSD+RBPGAkV4wuSr83gORisbiXk8T4nE0EjSiGGkj+Xad+9lQUxaSjOX+XQ5rvt1wms4McJm4JWmAEm3f/hqGMU45ERozpNTAdRLtZUhqihnJa8NUkQThCRqRgaECcaK8bHZ6Do+NEsIolqaEhjP190SGuFJTHphOjvRYLXqF+J83SHV06WVUJKkmAs8XRSmDOoZFDjCkkmDNpoYgLKm5FeIxkghrk1YRgrv48jLpnjbd86Zze9ZoXZdxVMEhOAInwAUXoAVuQBt0AAaP4Bm8gjfryXqx3q2PeWvFKmcOwB9Ynz/2x5PP</latexit>ml̃R

Due to 
<latexit sha1_base64="qDGkLMPT6NpffH1WYabePfoqeiI="></latexit>

m2
LR(⌧) = m⌧µ tan� ⇡ (150 GeV )2

tan�

10

µ

TeV

<latexit sha1_base64="6BpTkcvmEq/Tym6ntEAzqzjhL88=">AAACBnicbVBNS8NAEN3Urxq/oh5FWCyCp5KIoheh4EGPVewHNKFsNtt26SYbdidKCT158a948aCIV3+DN/+NSZuDtj4YeLw3w8w8PxZcg21/G6WFxaXllfKquba+sbllbe80tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wMvdb90xpLqM7GMXMC0k/4j1OCWRS19o33VveHwBRSj5gF7gIWOoCScb4wjS7VsWu2hPgeeIUpIIK1LvWlxtImoQsAiqI1h3HjsFLiQJOBRubbqJZTOiQ9FknoxEJmfbSyRtjfJgpAe5JlVUEeKL+nkhJqPUo9LPOkMBAz3q5+J/XSaB37qU8ihNgEZ0u6iUCg8R5JjjgilEQo4wQqnh2K6YDogiFLLk8BGf25XnSPK46p1X75qRSuyriKKM9dICOkIPOUA1dozpqIIoe0TN6RW/Gk/FivBsf09aSUczsoj8wPn8AudmYAg==</latexit>) ⌧̃ = lightest s-lepton

Cancellations needed
<latexit sha1_base64="zeKk7id6clXLZaT8h6bNApgM42M=">AAACCnicbVDLSgMxFM3UVx1fVZduokWoiGVmUHQjFFzYZQX7wHY6ZNLUhiYzQ5IRyrRrN/6KGxeKuPUL3Pk3pu0stPXAhZNz7iX3Hj9iVCrL+jYyC4tLyyvZVXNtfWNzK7e9U5NhLDCp4pCFouEjSRgNSFVRxUgjEgRxn5G6378a+/UHIiQNg1s1iIjL0X1AuxQjpSUvt29y767twMsTp8C9pOw5I/06hsMWj4dt58g0vVzeKloTwHlipyQPUlS83FerE+KYk0BhhqRs2lak3AQJRTEjI7MVSxIh3Ef3pKlpgDiRbjI5ZQQPtdKB3VDoChScqL8nEsSlHHBfd3KkenLWG4v/ec1YdS/chAZRrEiApx91YwZVCMe5wA4VBCs20ARhQfWuEPeQQFjp9MYh2LMnz5OaU7TPitbNab50ncaRBXvgABSADc5BCZRBBVQBBo/gGbyCN+PJeDHejY9pa8ZIZ3bBHxifP+galz0=</latexit>

m2
Z
= �2(m2

H2
+ |µ|2)

3. Main constraints on parameter space (high energy)

If non-zero phases, from
<latexit sha1_base64="q5YYFuNfE9q2vlBUtqTPX+wjvVo=">AAACCnicdVDLSgMxFM34rPVVdekmWgQ3DpPB0hZcFN24rGAf0NaSydy2oZkHSUYoQ9du/BU3LhRx6xe4829MH4KKXgice8493NzjxYIr7Tgf1sLi0vLKamYtu76xubWd29mtqyiRDGosEpFselSB4CHUNNcCmrEEGngCGt7wYqI3bkEqHoXXehRDJ6D9kPc4o9pQ3dyB3wV8honttpkfaUycm/TELY8xzHoWdHN5xy6SAimXsWM70zKAlNxyiRjjjMmjeVW7ufe2H7EkgFAzQZVqESfWnZRKzZmAcbadKIgpG9I+tAwMaQCqk05PGeMjw/i4F0nzQrN+wn53pDRQahR4ZjKgeqB+axPyL62V6F6pk/IwTjSEbLaolwisIzzJBftcAtNiZABlkpu/YjagkjJt0suaEL4uxf+DumuTgu1cneYr5/M4MmgfHaJjRFARVdAlqqIaYugOPaAn9GzdW4/Wi/U6G12w5p499KOst0+e35hb</latexit>

de < 1.2 · 10�29e · cm

<latexit sha1_base64="KGcNx1fYgZ3SeGjudqB0PXgSlcI="></latexit>

m⌫̃eL & 40 TeV (sin�µ tan�)
1/2



4. Direct signals

LHC

<latexit sha1_base64="b6OKlReS/pYD3vmKHQKfu5N2Ytw=">AAACIHicbZBPS8MwGMbT+W/Wf1WPXoJD8CCjnco87DDwoAcHU9wcrKOkWbaFJW1JUmGUfhQvfhUvHhTRm34a264Ht/lA4JfnfV+S93EDRqUyzW+tsLS8srpWXNc3Nre2d4zdvbb0Q4FJC/vMFx0XScKoR1qKKkY6gSCIu4w8uOPLtP7wSISkvnevJgHpcTT06IBipBLLMap6w7Fq3IlsRVmfRCx2buKTmftdDGuw4VRgzeZhhqe67hgls2xmgotg5VACuZqO8WX3fRxy4inMkJRdywxUL0JCUcxIrNuhJAHCYzQk3QQ9xInsRdmCMTxKnD4c+CI5noKZ+3ciQlzKCXeTTo7USM7XUvO/WjdUg4teRL0gVMTD04cGIYPKh2lasE8FwYpNEkBY0OSvEI+QQFglmaYhWPMrL0K7UrbOy+btWal+lcdRBAfgEBwDC1RBHVyDJmgBDJ7AC3gD79qz9qp9aJ/T1oKWz+yDGWk/vzjgoRQ=</latexit>

M1 < ml̃L
,ml̃R

< M2 < µ < M3
<latexit sha1_base64="cxG1dUeppse2Fy5LO213qLFmouI=">AAAB+nicbVBNS8NAEN3Urxq/Uj16WSyCBymJKHoseNBjBfsBTSib7aRdupvE3U2lxP4ULx4U8eov8ea/MWlz0NYHA4/3ZpiZ58ecKW3b30ZpZXVtfaO8aW5t7+zuWZX9looSSaFJIx7Jjk8UcBZCUzPNoRNLIMLn0PZH17nfHoNULArv9SQGT5BByAJGic6knlUxuQsPCRtjOMWuSEyzZ1Xtmj0DXiZOQaqoQKNnfbn9iCYCQk05Uarr2LH2UiI1oxymppsoiAkdkQF0MxoSAcpLZ6dP8XGm9HEQyaxCjWfq74mUCKUmws86BdFDtejl4n9eN9HBlZeyME40hHS+KEg41hHOc8B9JoFqPskIoZJlt2I6JJJQnaWVh+AsvrxMWmc156Jm351X6zdFHGV0iI7QCXLQJaqjW9RATUTRI3pGr+jNeDJejHfjY95aMoqZA/QHxucP6qeSfQ==</latexit>

l ⌘ e, µ

<latexit sha1_base64="0dAo+CpHmU13jrFP88ViUYF8A0Y=">AAAB/HicbVBNS8NAEN34WeNXtEcvwSJ4Kokoeix40GMF+wFNDJvNtF262YTdjRBC/StePCji1R/izX/jps1BWx8MPN6bYWZemDIqleN8Gyura+sbm7Utc3tnd2/fOjjsyiQTBDokYYnoh1gCoxw6iioG/VQAjkMGvXByXfq9RxCSJvxe5Sn4MR5xOqQEKy0FVt30FGURFB4Z02ngPjimGVgNp+nMYC8TtyINVKEdWF9elJAsBq4Iw1IOXCdVfoGFooTB1PQyCSkmEzyCgaYcxyD9Ynb81D7RSmQPE6GLK3um/p4ocCxlHoe6M8ZqLBe9UvzPG2RqeOUXlKeZAk7mi4YZs1Vil0nYERVAFMs1wURQfatNxlhgonReZQju4svLpHvWdC+azt15o3VTxVFDR+gYnSIXXaIWukVt1EEE5egZvaI348l4Md6Nj3nrilHN1NEfGJ8/5o6TpA==</latexit>

�̃0
1

<latexit sha1_base64="LIQlGLPyXBYfnpovhwe0ib459ww=">AAAB9XicbVDLSgNBEOz1GddX1KOXwSB4Crui6DHgQQ8eIpgHJGuYne0kQ2YfzMwqYcl/ePGgiFf/xZt/42yyB00saCiquunu8hPBlXacb2tpeWV1bb20YW9ube/slvf2mypOJcMGi0Us2z5VKHiEDc21wHYikYa+wJY/usr91iNKxePoXo8T9EI6iHifM6qN9GB3NRcBZmLSu7XtXrniVJ0pyCJxC1KBAvVe+asbxCwNMdJMUKU6rpNoL6NScyZwYndThQllIzrAjqERDVF52fTqCTk2SkD6sTQVaTJVf09kNFRqHPqmM6R6qOa9XPzP66S6f+llPEpSjRGbLeqnguiY5BGQgEtkWowNoUxycythQyop0yaoPAR3/uVF0jytuudV5+6sUrsu4ijBIRzBCbhwATW4gTo0gIGEZ3iFN+vJerHerY9Z65JVzBzAH1ifPy8Xkao=</latexit>

l̃L
<latexit sha1_base64="hn3uMK0m2Q4mOUPwxsAO8vzUsnY=">AAAB+nicbVBNS8NAEN3Urxq/Uj16WSyCp5KIoseCBz14qGA/oAlhs9m2SzebsDtRSuxP8eJBEa/+Em/+G5M2B219MPB4b4aZeUEiuAbb/jYqK6tr6xvVTXNre2d3z6rtd3ScKsraNBax6gVEM8ElawMHwXqJYiQKBOsG46vC7z4wpXks72GSMC8iQ8kHnBLIJd+qmS5wEbLMBZJO/VvT9K263bBnwMvEKUkdlWj51pcbxjSNmAQqiNZ9x07Ay4gCTgWbmm6qWULomAxZP6eSREx72ez0KT7OlRAPYpWXBDxTf09kJNJ6EgV5Z0RgpBe9QvzP66cwuPQyLpMUmKTzRYNUYIhxkQMOuWIUxCQnhCqe34rpiChCIU+rCMFZfHmZdE4bznnDvjurN6/LOKroEB2hE+SgC9REN6iF2oiiR/SMXtGb8WS8GO/Gx7y1YpQzB+gPjM8fA3eTMw==</latexit>

⌧̃L

<latexit sha1_base64="uzXgr/TmKWsKMBQVMPrb0J6hfR4=">AAAB+nicbVBNS8NAEN3Urxq/Uj16WSyCp5KIoseCBz1WsR/QhLDZbNulm03YnSgl9qd48aCIV3+JN/+NSZuDtj4YeLw3w8y8IBFcg21/G5WV1bX1jeqmubW9s7tn1fY7Ok4VZW0ai1j1AqKZ4JK1gYNgvUQxEgWCdYPxVeF3H5jSPJb3MEmYF5Gh5ANOCeSSb9VMF7gIWeYCSaf+nWn6Vt1u2DPgZeKUpI5KtHzryw1jmkZMAhVE675jJ+BlRAGngk1NN9UsIXRMhqyfU0kipr1sdvoUH+dKiAexyksCnqm/JzISaT2JgrwzIjDSi14h/uf1UxhcehmXSQpM0vmiQSowxLjIAYdcMQpikhNCFc9vxXREFKGQp1WE4Cy+vEw6pw3nvGHfntWb12UcVXSIjtAJctAFaqIb1EJtRNEjekav6M14Ml6Md+Nj3loxypkD9AfG5w8Mm5M5</latexit>

⌧̃R

<latexit sha1_base64="0b7HDatzW6oQUXtVHGdyy0dkKpM=">AAAB9XicbVBNS8NAEJ34WeNX1aOXYBE8lUQUPRY86LGK/YA2ls1m2y7dbMLuRCmh/8OLB0W8+l+8+W/ctDlo64OBx3szzMwLEsE1uu63tbS8srq2XtqwN7e2d3bLe/tNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoKvdbj0xpHst7HCfMj8hA8j6nBI30YHeRi5BlYtK7s+1eueJW3SmcReIVpAIF6r3yVzeMaRoxiVQQrTuem6CfEYWcCjaxu6lmCaEjMmAdQyWJmPaz6dUT59goodOPlSmJzlT9PZGRSOtxFJjOiOBQz3u5+J/XSbF/6WdcJikySWeL+qlwMHbyCJyQK0ZRjA0hVHFzq0OHRBGKJqg8BG/+5UXSPK1651X39qxSuy7iKMEhHMEJeHABNbiBOjSAgoJneIU368l6sd6tj1nrklXMHMAfWJ8/ODuRsA==</latexit>

l̃R

<latexit sha1_base64="Sya+MKi2/WgZXdEvyV9ZLXs9pc8=">AAACA3icbVDLSsNAFJ3UV42vqDvdBIsgCDURRZcFF7qsYB/QxDCZTNqhkwczN0IJBTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1+ypkEy/rWKguLS8sr1VV9bX1jc8vY3mnLJBOEtkjCE9H1saScxbQFDDjtpoLiyOe04w+vCr/zQIVkSXwHo5S6Ee7HLGQEg5I8Y0/nJw7g7NgBxgOaO2TAxp59b+m6Z9SsujWBOU/sktRQiaZnfDlBQrKIxkA4lrJnWym4ORbACKdj3ckkTTEZ4j7tKRrjiEo3n/wwNg+VEphhIlTFYE7U3xM5jqQcRb7qjDAM5KxXiP95vQzCSzdncZoBjcl0UZhxExKzCMQMmKAE+EgRTARTt5pkgAUmoGIrQrBnX54n7dO6fV63bs9qjesyjiraRwfoCNnoAjXQDWqiFiLoET2jV/SmPWkv2rv2MW2taOXMLvoD7fMHyhiWVg==</latexit>

l/⌧ + �̃0
1

DM

<latexit sha1_base64="ch6bQV0oPsy1Pv3iPXeDFsPUiZ4="></latexit>

�(pp ! l̃l̃) ⇡ 1÷ 10 fb

backgrounds:
<latexit sha1_base64="M+1/VI4Rj5pPEC/nQSAvk52crFQ=">AAACHHicbZDLSgMxFIYzXmu9jbp0EyyC2FJmvKDLohuXFey00I4lk6ZtbOZCckYpQ/sebnwVNy4UceNC8G1Mp11o64GQj/8/h+T8XiS4Asv6NubmFxaXljMr2dW19Y1Nc2vbUWEsKavQUISy5hHFBA9YBTgIVoskI74nWNXrXY786j2TiofBDfQj5vqkE/A2pwS01DSPHacwdPJ3DJS+bw8bkne6QKQMH7BoeEQmYlAYYkgRNELeaZo5q2ilhWfBnkAOTarcND8brZDGPguACqJU3bYicBMigVPBBtlGrFhEaI90WF1jQHym3CRdboD3tdLC7VDqEwBO1d8TCfGV6vue7vQJdNW0NxL/8+oxtM/dhAdRDCyg44fascAQ4lFSuMUloyD6GgiVXP8V0y6RhILOM6tDsKdXngXnqGifFq3rk1zpYhJHBu2iPXSAbHSGSugKlVEFUfSIntErejOejBfj3fgYt84Zk5kd9KeMrx+ukKHC</latexit>

V V, V + jets, V ⇤ ! ll̄, tt̄, t+ V

<latexit sha1_base64="JauhYo0wV/d3WVGaflPC/IFzRGs=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQUXRbduKxgH9DEMJlM2qGTBzM3QglZufFX3LhQxK3f4M6/cdpG0NYDFw7n3Mu99/ip4Aos68tYWFxaXlmtrFXXNza3ts2d3bZKMklZiyYikV2fKCZ4zFrAQbBuKhmJfME6/vBq7HfumVQ8iW9hlDI3Iv2Yh5wS0JJnHjjARcByhw544dl3Fv4RgGSFZ9asujUBnid2SWqoRNMzP50goVnEYqCCKNWzrRTcnEjgVLCi6mSKpYQOSZ/1NI1JxJSbT94o8JFWAhwmUlcMeKL+nshJpNQo8nVnRGCgZr2x+J/XyyC8cHMepxmwmE4XhZnAkOBxJjjgklEQI00IlVzfiumASEJBJ1fVIdizL8+T9kndPqtbN6e1xmUZRwXto0N0jGx0jhroGjVRC1H0gJ7QC3o1Ho1n4814n7YuGOXMHvoD4+MbYWqZEQ==</latexit>

�̃0
1⌧̃ co-annihilation <latexit sha1_base64="ihmYG8VH22j9KzBYw1M/J6UKrNQ="></latexit>

�m ⌘ m⌧̃ �m�̃0
1
. 15 GeV

Cox et al, 2021

green:        at  

blue:        at  

<latexit sha1_base64="crxMOEIWE0NecN2OktkpLRrnLa8=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48R3CSQLGF2MpsMmZld5iGEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090VZ5xp4/vfXmltfWNzq7xd2dnd2z+oHh61dGoVoSFJeao6MdaUM0lDwwynnUxRLGJO2/H4bua3n6jSLJWPZpLRSOChZAkj2DgpxP2esP1qza/7c6BVEhSkBgWa/epXb5ASK6g0hGOtu4GfmSjHyjDC6bTSs5pmmIzxkHYdlVhQHeXzY6fozCkDlKTKlTRorv6eyLHQeiJi1ymwGellbyb+53WtSW6inMnMGirJYlFiOTIpmn2OBkxRYvjEEUwUc7ciMsIKE+PyqbgQguWXV0nroh5c1f2Hy1rjtoijDCdwCucQwDU04B6aEAIBBs/wCm+e9F68d+9j0Vryiplj+APv8wfOMo6u</latexit>aµ
<latexit sha1_base64="crxMOEIWE0NecN2OktkpLRrnLa8=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48R3CSQLGF2MpsMmZld5iGEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090VZ5xp4/vfXmltfWNzq7xd2dnd2z+oHh61dGoVoSFJeao6MdaUM0lDwwynnUxRLGJO2/H4bua3n6jSLJWPZpLRSOChZAkj2DgpxP2esP1qza/7c6BVEhSkBgWa/epXb5ASK6g0hGOtu4GfmSjHyjDC6bTSs5pmmIzxkHYdlVhQHeXzY6fozCkDlKTKlTRorv6eyLHQeiJi1ymwGellbyb+53WtSW6inMnMGirJYlFiOTIpmn2OBkxRYvjEEUwUc7ciMsIKE+PyqbgQguWXV0nroh5c1f2Hy1rjtoijDCdwCucQwDU04B6aEAIBBs/wCm+e9F68d+9j0Vryiplj+APv8wfOMo6u</latexit>aµ

<latexit sha1_base64="7sedCAxscMRuzWj+A3avweoKjpA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJfROZpMhM7PLzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wju5nfemLa8EQ92nHKQokDxWNO0TqpFXQNH0jslSt+1Z+DrJIgJxXIUe+Vv7r9hGaSKUsFGtMJ/NSGE9SWU8GmpW5mWIp0hAPWcVShZCaczM+dkjOn9EmcaFfKkrn6e2KC0pixjFynRDs0y95M/M/rZDa+CSdcpZllii4WxZkgNiGz30mfa0atGDuCVHN3K6FD1EitS6jkQgiWX14lzYtqcFX1Hy4rtds8jiKcwCmcQwDXUIN7qEMDKIzgGV7hzUu9F+/d+1i0Frx85hj+wPv8AQ4Yj2I=</latexit>
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