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              Outline

- Little Group


- On-shell Massless and Massive Amplitude


- Higgs Mechanism from Tree-level Unitarity




         Little Group

- A subgroup of Lorentz group


- Its transformation leaves the momentum invariant


- Particles can be defined as irreducible 
representations




         Little Group: Massless particles

kµ = E(1, 0, 0, 1)
<latexit sha1_base64="7L1JZaIVzO63Dmr6K0iTeh2kwoE=">AAAB/XicbVDLSgNBEOz1GeNrfdy8DAYhQgi7UdCLEBTBYwTzgGQNs5PZZMjs7DIzK8QQ/BUvHhTx6n9482+cJHvQxIKGoqqb7i4/5kxpx/m2FhaXlldWM2vZ9Y3NrW17Z7emokQSWiURj2TDx4pyJmhVM81pI5YUhz6ndb9/NfbrD1QqFok7PYipF+KuYAEjWBupbe/371thgi7QNcq7BeQUnIJ73LZzTtGZAM0TNyU5SFFp21+tTkSSkApNOFaq6Tqx9oZYakY4HWVbiaIxJn3cpU1DBQ6p8oaT60foyCgdFETSlNBoov6eGOJQqUHom84Q656a9cbif14z0cG5N2QiTjQVZLooSDjSERpHgTpMUqL5wBBMJDO3ItLDEhNtAsuaENzZl+dJrVR0T4ql29Nc+TKNIwMHcAh5cOEMynADFagCgUd4hld4s56sF+vd+pi2LljpzB78gfX5A5/Qkhc=</latexit>

W (⇤, p; k) 2 ISO(2)
<latexit sha1_base64="wzwT4UYPcU25fEIiWfLTiqkGNNw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFakJJUQcFN0Y2CYEX7gCaUyWTSDp1MwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAwOGcc7lzjxczKpVlfRsLi0vLK6u5tfz6xubWtrmz25RRIjBp4IhFou0hSRjlpKGoYqQdC4JCj5GWN7gY+60HIiSN+L0axsQNUY/TgGKktNQ1C62Sc63jPjqE8RkclKFDOby6uylVy12zaFWsCeA8sTNSBBnqXfPL8SOchIQrzJCUHduKlZsioShmZJR3EklihAeoRzqachQS6aaTI0bwQCs+DCKhH1dwov6eSFEo5TD0dDJEqi9nvbH4n9dJVHDqppTHiSIcTxcFCYMqguNGoE8FwYoNNUFYUP1XiPtIIKx0b3ldgj178jxpViv2UaV6e1ysnWd15EAB7IMSsMEJqIFLUAcNgMEjeAav4M14Ml6Md+NjGl0wspk98AfG5w9yPJVl</latexit>

To avoid continuum of states, only U(1) is 
relevant: helicity



         Massless Spinor-Helicity Variables

p↵↵̇ = pµ�
µ
↵↵̇

<latexit sha1_base64="HxSFdaAG9K4TK7OjgLwv00+wmV0=">AAACJ3icbZDLSgMxFIYzXmu9jbp0EyyCqzJTBd0oRTcuK9gLdOpwJk3b0GQmJBmhDH0bN76KG0FFdOmbmF4W2vaHwMd/zuHk/JHkTBvP+3aWlldW19ZzG/nNre2dXXdvv6aTVBFaJQlPVCMCTTmLadUww2lDKgoi4rQe9W9G9fojVZol8b0ZSNoS0I1ZhxEw1grdKxlmAXDZAxy0E4MnPMSXWIaBSHGgWVfAg8WFfaFb8IreWHge/CkU0FSV0H2z4yQVNDaEg9ZN35OmlYEyjHA6zAepphJIH7q0aTEGQXUrG985xMfWaeNOouyLDR67fycyEFoPRGQ7BZienq2NzEW1Zmo6F62MxTI1NCaTRZ2UY5PgUWi4zRQlhg8sAFHM/hWTHiggxkabtyH4syfPQ61U9E+LpbuzQvl6GkcOHaIjdIJ8dI7K6BZVUBUR9IRe0Dv6cJ6dV+fT+Zq0LjnTmQP0T87PL1Fgpjo=</latexit>

SO(3, 1)
<latexit sha1_base64="W+z9hdcnj9vcQBp59gEiK0H5CFI=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBEqSNltBT0WvXizov2AdinZNNuGZrNLkhXK0h/hxYMiXv093vw3pu0etPXBwOO9GWbm+bHg2jjON1pZXVvf2Mxt5bd3dvf2CweHTR0lirIGjUSk2j7RTHDJGoYbwdqxYiT0BWv5o5up33piSvNIPppxzLyQDCQPOCXGSq2Hu1L13D3rFYpO2ZkBLxM3I0XIUO8Vvrr9iCYhk4YKonXHdWLjpUQZTgWb5LuJZjGhIzJgHUslCZn20tm5E3xqlT4OImVLGjxTf0+kJNR6HPq2MyRmqBe9qfif10lMcOWlXMaJYZLOFwWJwCbC099xnytGjRhbQqji9lZMh0QRamxCeRuCu/jyMmlWym61XLm/KNauszhycAwnUAIXLqEGt1CHBlAYwTO8whuK0Qt6Rx/z1hWUzRzBH6DPH18Vjkc=</latexit>

SL(2, C)
<latexit sha1_base64="yUUinC7YmCTaq0ItzrcyJQb2Kss=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBEqSNmtgh6LvXjwUNF+QLuUbJptQ7PZJckKZemP8OJBEa/+Hm/+G9N2D9r6YODx3gwz8/xYcG0c5xutrK6tb2zmtvLbO7t7+4WDw6aOEkVZg0YiUm2faCa4ZA3DjWDtWDES+oK1/FFt6reemNI8ko9mHDMvJAPJA06JsVLr4a5UOa+d9QpFp+zMgJeJm5EiZKj3Cl/dfkSTkElDBdG64zqx8VKiDKeCTfLdRLOY0BEZsI6lkoRMe+ns3Ak+tUofB5GyJQ2eqb8nUhJqPQ592xkSM9SL3lT8z+skJrj2Ui7jxDBJ54uCRGAT4envuM8Vo0aMLSFUcXsrpkOiCDU2obwNwV18eZk0K2X3oly5vyxWb7I4cnAMJ1ACF66gCrdQhwZQGMEzvMIbitELekcf89YVlM0cwR+gzx90TY5V</latexit>'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

pµ
<latexit sha1_base64="DBQhKz+sEBLf+Nkr4ecsRTeMGWE=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cKbltol5JNs21okg1JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23TJppQkOS8lR3YmwoZ5KGlllOO0pTLGJO2/H4bua3n6g2LJWPdqJoJPBQsoQRbJ0Uqn5PZP1K1a/5c6BVEhSkCgWa/cpXb5CSTFBpCcfGdANf2SjH2jLC6bTcywxVmIzxkHYdlVhQE+XzY6fo3CkDlKTalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm9xEOZMqs1SSxaIk48imaPY5GjBNieUTRzDRzN2KyAhrTKzLp+xCCJZfXiWtei24rNUfrqqN2yKOEpzCGVxAANfQgHtoQggEGDzDK7x50nvx3r2PReuaV8ycwB94nz/lJo69</latexit>

p2
<latexit sha1_base64="C2lXovBE3uPJnJpuVIt5NvuIeaU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrpPnms9kplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEAzY2c</latexit>

p↵↵̇ = �↵�̃↵̇
<latexit sha1_base64="Um4cPnoUjDWvPAXnDKpBrIG1PXw=">AAACLnicbVDLSgMxFM34rPVVdekmWARXZaYKuhGKIrisYB/QluFOJm1DMw+SO0IZ+kVu/BVdCCri1s8wbUeorQcCh3PuSXKPF0uh0bbfrKXlldW19dxGfnNre2e3sLdf11GiGK+xSEaq6YHmUoS8hgIlb8aKQ+BJ3vAG12O/8cCVFlF4j8OYdwLohaIrGKCR3MJN7KZtkHEfaNuPkE75iF7StjS3+OD+uiikz9NMHZnUzLhbKNolewK6SJyMFEmGqlt4MXGWBDxEJkHrlmPH2ElBoWCSj/LtRPMY2AB6vGVoCAHXnXSy7ogeG8Wn3UiZEyKdqLOJFAKth4FnJgPAvp73xuJ/XivB7kUnFWGcIA/Z9KFuIilGdNwd9YXiDOXQEGBKmL9S1gcFDE3DeVOCM7/yIqmXS85pqXx3VqxcZXXkyCE5IifEIeekQm5JldQII4/kmbyTD+vJerU+ra/p6JKVZQ7IH1jfP6BXqYk=</latexit>

det p↵↵̇
<latexit sha1_base64="4Kn3xNSC3sFrUFYadaOTJN0Rq40=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GwkLAbBS2DNpYRzAOyS5id3CRDZh/M3BXDkh+w8VdsLBSxtbfzb5w8Ck08MHA45x7u3BMkUmh0nG8rt7S8srqWXy9sbG5t79i7e3Udp4pDjccyVs2AaZAighoKlNBMFLAwkNAIBtdjv3EPSos4usNhAn7IepHoCs7QSG37yEN4wKwDOKLeKU3amcdk0mfU68RIp3zUtotOyZmALhJ3Ropkhmrb/jJxnoYQIZdM65brJOhnTKHgEkYFL9WQMD5gPWgZGrEQtJ9NrhnRY6N0aDdW5kVIJ+rvRMZCrYdhYCZDhn09743F/7xWit1LPxNRkiJEfLqom0qKMR1XQztCAUc5NIRxJcxfKe8zxTiaAgumBHf+5EVSL5fcs1L59rxYuZrVkScH5JCcEJdckAq5IVVSI5w8kmfySt6sJ+vFerc+pqM5a5bZJ39gff4ANEubow==</latexit>

p2 = 0
<latexit sha1_base64="xW/d+hU8rE7nAPkGLGTnGTAS6PM=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBE8ld0q6EUoevFYwX5Au5Zsmm1Ds9mQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5oRLcWM/7Riura+sbm4Wt4vbO7t5+6eCwaZJUU9agiUh0OySGCS5Zw3IrWFtpRuJQsFY4up36rSemDU/kgx0rFsRkIHnEKbFOaqnHKr7GXq9U9ireDHiZ+DkpQ456r/TV7Sc0jZm0VBBjOr6nbJARbTkVbFLspoYpQkdkwDqOShIzE2Szcyf41Cl9HCXalbR4pv6eyEhszDgOXWdM7NAselPxP6+T2ugqyLhUqWWSzhdFqcA2wdPfcZ9rRq0YO0Ko5u5WTIdEE2pdQkUXgr/48jJpViv+eaV6f1Gu3eRxFOAYTuAMfLiEGtxBHRpAYQTP8ApvSKEX9I4+5q0rKJ85gj9Anz+fto5x</latexit>



         Massless Spinor-Helicity Variables

�↵ ! w�1�, �̃ ! w�̃
<latexit sha1_base64="3FOETZNynlJW1Z/RNRf63qmSHIE="></latexit>

M(w�1�, w�̃) = w2hM(�, �̃)
<latexit sha1_base64="Lw27mzVA11LAe8gyKUbOZjg1ILo="></latexit>

Little group scaling

Helicity amplitudes

p! ú! = ! !
÷! ú! ! |! "[÷! |

<latexit sha1_base64="ptQvuBXMVq6/jg9k9LbmBTB4wv8="></latexit>

Completely fixes the 3-particle on-shell amplitudes  



         Little Group: Massive particles

kµ = (M, 0, 0, 0)
<latexit sha1_base64="ee3ekRJAt3a99Sc1ZZrPaJfmLMg=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyxChVJmqqAboejGjVDBPqAdSyZN29BMZkgyYhn6K25cKOLWH3Hn35i2s9DWc7lwOOdecnP8iDOlHefbyqysrq1vZDdzW9s7u3v2fr6hwlgSWichD2XLx4pyJmhdM81pK5IUBz6nTX90PfWbj1QqFop7PY6oF+CBYH1GsDZS186PHjpBjC5R8baEnJKpk65dcMrODGiZuCkpQIpa1/7q9EISB1RowrFSbdeJtJdgqRnhdJLrxIpGmIzwgLYNFTigyktmt0/QsVF6qB9K00Kjmfp7I8GBUuPAN5MB1kO16E3F/7x2rPsXXsJEFGsqyPyhfsyRDtE0CNRjkhLNx4ZgIpm5FZEhlphoE1fOhOAufnmZNCpl97RcuTsrVK/SOLJwCEdQBBfOoQo3UIM6EHiCZ3iFN2tivVjv1sd8NGOlOwfwB9bnD9ztkbk=</latexit>

W (! , p; k) 2 SO(3)
<latexit sha1_base64="kQztRLDDjqKV+GvOTAXsLSark6o=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK0ICVpBQU3RTcuBCvaBzShTCaTduhkEmYmQgkFN/6KGxeKuPUn3Pk3TtsstPXAwOGcc7lzjxczKpVlfRsLi0vLK6u5tfz6xubWtrmz25RRIjBp4IhFou0hSRjlpKGoYqQdC4JCj5GWN7gc+60HIiSN+L0axsQNUY/TgGKktNQ191tF51rHfXQM43M4KEGHcnh3U6yWumbBKlsTwHliZ6QAMtS75pfjRzgJCVeYISk7thUrN0VCUczIKO8kksQID1CPdDTlKCTSTSc3jOCRVnwYREI/ruBE/T2RolDKYejpZIhUX856Y/E/r5Oo4MxNKY8TRTieLgoSBlUEx4VAnwqCFRtqgrCg+q8Q95FAWOna8roEe/bkedKslO1quXJ7UqhdZHXkwAE4BEVgg1NQA1egDhoAg0fwDF7Bm/FkvBjvxsc0umBkM3vgD4zPH9gylRM=</latexit>

Spin degrees of freedom



         Massive Spinor-Helicity Variables

p↵↵̇ = pµ�
µ
↵↵̇

<latexit sha1_base64="HxSFdaAG9K4TK7OjgLwv00+wmV0=">AAACJ3icbZDLSgMxFIYzXmu9jbp0EyyCqzJTBd0oRTcuK9gLdOpwJk3b0GQmJBmhDH0bN76KG0FFdOmbmF4W2vaHwMd/zuHk/JHkTBvP+3aWlldW19ZzG/nNre2dXXdvv6aTVBFaJQlPVCMCTTmLadUww2lDKgoi4rQe9W9G9fojVZol8b0ZSNoS0I1ZhxEw1grdKxlmAXDZAxy0E4MnPMSXWIaBSHGgWVfAg8WFfaFb8IreWHge/CkU0FSV0H2z4yQVNDaEg9ZN35OmlYEyjHA6zAepphJIH7q0aTEGQXUrG985xMfWaeNOouyLDR67fycyEFoPRGQ7BZienq2NzEW1Zmo6F62MxTI1NCaTRZ2UY5PgUWi4zRQlhg8sAFHM/hWTHiggxkabtyH4syfPQ61U9E+LpbuzQvl6GkcOHaIjdIJ8dI7K6BZVUBUR9IRe0Dv6cJ6dV+fT+Zq0LjnTmQP0T87PL1Fgpjo=</latexit>

SO(3, 1)
<latexit sha1_base64="W+z9hdcnj9vcQBp59gEiK0H5CFI=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBEqSNltBT0WvXizov2AdinZNNuGZrNLkhXK0h/hxYMiXv093vw3pu0etPXBwOO9GWbm+bHg2jjON1pZXVvf2Mxt5bd3dvf2CweHTR0lirIGjUSk2j7RTHDJGoYbwdqxYiT0BWv5o5up33piSvNIPppxzLyQDCQPOCXGSq2Hu1L13D3rFYpO2ZkBLxM3I0XIUO8Vvrr9iCYhk4YKonXHdWLjpUQZTgWb5LuJZjGhIzJgHUslCZn20tm5E3xqlT4OImVLGjxTf0+kJNR6HPq2MyRmqBe9qfif10lMcOWlXMaJYZLOFwWJwCbC099xnytGjRhbQqji9lZMh0QRamxCeRuCu/jyMmlWym61XLm/KNauszhycAwnUAIXLqEGt1CHBlAYwTO8whuK0Qt6Rx/z1hWUzRzBH6DPH18Vjkc=</latexit>

SL(2, C)
<latexit sha1_base64="yUUinC7YmCTaq0ItzrcyJQb2Kss=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBEqSNmtgh6LvXjwUNF+QLuUbJptQ7PZJckKZemP8OJBEa/+Hm/+G9N2D9r6YODx3gwz8/xYcG0c5xutrK6tb2zmtvLbO7t7+4WDw6aOEkVZg0YiUm2faCa4ZA3DjWDtWDES+oK1/FFt6reemNI8ko9mHDMvJAPJA06JsVLr4a5UOa+d9QpFp+zMgJeJm5EiZKj3Cl/dfkSTkElDBdG64zqx8VKiDKeCTfLdRLOY0BEZsI6lkoRMe+ns3Ak+tUofB5GyJQ2eqb8nUhJqPQ592xkSM9SL3lT8z+skJrj2Ui7jxDBJ54uCRGAT4envuM8Vo0aMLSFUcXsrpkOiCDU2obwNwV18eZk0K2X3oly5vyxWb7I4cnAMJ1ACF66gCrdQhwZQGMEzvMIbitELekcf89YVlM0cwR+gzx90TY5V</latexit>'<latexit sha1_base64="gnQ2L8m5VJr4MIZSVUK1PJqA8vE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPsumPNQ==</latexit>

pµ
<latexit sha1_base64="DBQhKz+sEBLf+Nkr4ecsRTeMGWE=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cKbltol5JNs21okg1JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23TJppQkOS8lR3YmwoZ5KGlllOO0pTLGJO2/H4bua3n6g2LJWPdqJoJPBQsoQRbJ0Uqn5PZP1K1a/5c6BVEhSkCgWa/cpXb5CSTFBpCcfGdANf2SjH2jLC6bTcywxVmIzxkHYdlVhQE+XzY6fo3CkDlKTalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm9xEOZMqs1SSxaIk48imaPY5GjBNieUTRzDRzN2KyAhrTKzLp+xCCJZfXiWtei24rNUfrqqN2yKOEpzCGVxAANfQgHtoQggEGDzDK7x50nvx3r2PReuaV8ycwB94nz/lJo69</latexit>

p2
<latexit sha1_base64="C2lXovBE3uPJnJpuVIt5NvuIeaU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrpPnms9kplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEAzY2c</latexit>

det p↵↵̇
<latexit sha1_base64="4Kn3xNSC3sFrUFYadaOTJN0Rq40=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GwkLAbBS2DNpYRzAOyS5id3CRDZh/M3BXDkh+w8VdsLBSxtbfzb5w8Ck08MHA45x7u3BMkUmh0nG8rt7S8srqWXy9sbG5t79i7e3Udp4pDjccyVs2AaZAighoKlNBMFLAwkNAIBtdjv3EPSos4usNhAn7IepHoCs7QSG37yEN4wKwDOKLeKU3amcdk0mfU68RIp3zUtotOyZmALhJ3Ropkhmrb/jJxnoYQIZdM65brJOhnTKHgEkYFL9WQMD5gPWgZGrEQtJ9NrhnRY6N0aDdW5kVIJ+rvRMZCrYdhYCZDhn09743F/7xWit1LPxNRkiJEfLqom0qKMR1XQztCAUc5NIRxJcxfKe8zxTiaAgumBHf+5EVSL5fcs1L59rxYuZrVkScH5JCcEJdckAq5IVVSI5w8kmfySt6sJ+vFerc+pqM5a5bZJ39gff4ANEubow==</latexit>

p2 = m2
<latexit sha1_base64="oPb325jWpsmlimcsRvqR4mFtpD4=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KruroBeh6MVjBfsh7bZk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPOtHHdb2dldW19Y7OwVdze2d3bLx0cNnScKkLrJOaxaoVYU84krRtmOG0limIRctoMR7dTv/lElWaxfDDjhAYCDySLGMHGSo9J10fXSHT9XqnsVtwZ0DLxclKGHLVe6avTj0kqqDSEY63bnpuYIMPKMMLppNhJNU0wGeEBbVsqsaA6yGYHT9CpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzPa6cmugoyJpPUUEnmi6KUIxOj6feozxQlho8twUQxeysiQ6wwMTajog3BW3x5mTT8inde8e8vytWbPI4CHMMJnIEHl1CFO6hBHQgIeIZXeHOU8+K8Ox/z1hUnnzmCP3A+fwAknI9S</latexit>

p! ú! = ! I
!

÷! I ú!
<latexit sha1_base64="VjjhtkzxgHCAl4OXksLE7wF3FPI=">AAACMXicbVDLSgMxFM34tr6qLt0Ei+CqzKigG0F00+4q2FbojMOdTGqDmQfJHaEM/SU3/om46UIRt/6EaTsFrR4IHM65J8k9QSqFRtseWnPzC4tLyyurpbX1jc2t8vZOSyeZYrzJEpmo2wA0lyLmTRQo+W2qOESB5O3g4Wrktx+50iKJb7Cfci+C+1h0BQM0kl+upX7ugkx7QN0wwQkd0HPqSnNJCHd1f2qjkCHPC33g5/VRgE4TfrliV+0x6F/iFKRCCjT88ovJsyziMTIJWnccO0UvB4WCST4ouZnmKbAHuOcdQ2OIuPby8cYDemCUkHYTZU6MdKz+TOQQad2PAjMZAfb0rDcS//M6GXbPvFzEaYY8ZpOHupmkmNBRfTQUijOUfUOAKWH+SlkPFDA0JZdMCc7syn9J66jqHFePrk8qF5dFHStkj+yTQ+KQU3JBaqRBmoSRJ/JK3si79WwNrQ/rczI6ZxWZXfIL1tc31K+qlw==</latexit>

I = 1 , 2
<latexit sha1_base64="FjYyTJEdG9BcbaJnjGEAgFApnck=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNiNgl6EoBe9RTAPSJYwO5kkQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuriCWwqDrfjtLyyura+u5jfzm1vbObmFvv26iRDNeY5GMdDOghkuheA0FSt6MNadhIHkjGN5M/MYT10ZE6gFHMfdD2leiJxhFKzXvyBXxTkm5Uyi6JXcKski8jBQhQ7VT+Gp3I5aEXCGT1JiW58bop1SjYJKP8+3E8JiyIe3zlqWKhtz46fTeMTm2Spf0Im1LIZmqvydSGhozCgPbGVIcmHlvIv7ntRLsXfqpUHGCXLHZol4iCUZk8jzpCs0ZypEllGlhbyVsQDVlaCPK2xC8+ZcXSb1c8s5K5fvzYuU6iyMHh3AEJ+DBBVTgFqpQAwYSnuEV3pxH58V5dz5mrUtONnMAf+B8/gBvCY5D</latexit>



         Massive Spinor-Helicity Variables

Little group transformation

Scattering amplitudes

! I
! ! W I

J ! J
! , ÷! I ú! ! (W ! 1)J

I
÷! J ú!

<latexit sha1_base64="bWLareECH8CmD0InMI2hO/rI/z8="></latexit>

M(�I1 · · ·�I2S ) ! W I1
J1

· · ·W I2S
J2S

M(�J1 · · ·�J2S )
<latexit sha1_base64="L1TaAh1zth1PhAkadEzDQQOkwUc="></latexit>

p↵↵̇ = �I
↵�̃I↵̇ ! |�I"[�̃I |

<latexit sha1_base64="FHb5mvjtB4mDLyhuFKcsXxvq2vA="></latexit>

N. Arkani-Hamed, T.C. Huang & Y.t. Huang ‘17



        Unitarity and Locality

Unitarity  Consistent Factorization  

Locality Simple poles 

!
h M h

3 M ! h
3

p2
<latexit sha1_base64="2P96D5TGp7a4uIFqqfM827tuk/0=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwY0laRZdFN26ECvYBTRom00kzdPJgZiKUkC9x46+4caGI4Er/xkmbhW09MHDmnHu59x43ZlRIw/jRSiura+sb5c3K1vbO7p6+f9ARUcIxaeOIRbznIkEYDUlbUslIL+YEBS4jXXd8k/vdR8IFjcIHOYmJHaBRSD2KkVSSo19YHkc4tUQSOL4VIOljxNK7zGkMfDj/T8/8DGZpPKhnjl41asYUcJmYBamCAi1H/7KGEU4CEkrMkBB904ilnSIuKWYkq1iJIDHCYzQifUVDFBBhp9PzMniilCH0Iq5eKOFU/duRokCISeCqynxhsejl4n9eP5HelZ3SME4kCfFskJcwKCOYZwWHlBMs2UQRhDlVu0LsI5WXVIlWVAjm4snLpFOvmY1a/f682rwu4iiDI3AMToEJLkET3IIWaAMMnsALeAPv2rP2qn1on7PSklb0HII5aN+/SG6jLA==</latexit>



Higgs Mechanism



        Higgs Mechanism

! µ Aµ ! "mA # = 0
<latexit sha1_base64="r3ftrT+DUTRUtNHUsRZ0ght0qzU=">AAACDnicbVC7TgJBFJ31ieADtbSZiCQ2kl0stDEBbSwxkUfCks3sMAsTZmY3M7NEQvgCG3/FhkJjLGys7fwQrZ0FCgVPMpOTc+7Nvff4EaNK2/antbS8srq2ntpIZza3tneyu3s1FcYSkyoOWSgbPlKEUUGqmmpGGpEkiPuM1P3eVeLX+0QqGopbPYhIi6OOoAHFSBvJy+bdCElNEfNcHsPy5D+B7h2F3CtDN+pSeAFtL5uzC/YEcJE4M5IrHX2N3/qZ74qX/XDbIY45ERozpFTTsSPdGiajMCOjtBsrEiHcQx3SNFQgTlRrODlnBPNGacMglOYJDSfq744h4koNuG8qOdJdNe8l4n9eM9bBeWtIRRRrIvB0UBAzqEOYZAPbVBKs2cAQhCU1u0LcRRJhbRJMmxCc+ZMXSa1YcE4LxRsnV7oEU6TAATgEx8ABZ6AErkEFVAEG9+ARPIFn68EaWy/W67R0yZr17IM/sN5/APsYnow=</latexit>

kµ

m A
✏µ ⇠ ⇠�

<latexit sha1_base64="sw+wep8Fl2mEi7THWJLCzw8xpOY="></latexit>

Sign of Goldstone Equivalence Theorem

kµ✏µ = 0, � = 0
<latexit sha1_base64="qlTeojoSkcWXcV55Cj9GhR8qXyU=">AAACDnicbVDLSgMxFM34rPU16tJNsBRcSJmpgm6EohuXFewDOsOQyaRtaDITk4xQhn6BG3/FjQtF3Lp259+YaWehrQcC555zLzf3hIJRpR3n21paXlldWy9tlDe3tnd27b39tkpSiUkLJyyR3RApwmhMWppqRrpCEsRDRjrh6Dr3Ow9EKprEd3osiM/RIKZ9ipE2UmBXR4HHU+gRoSgzQl5cQufEu09RBD0xpHkZ2BWn5kwBF4lbkAoo0AzsLy9KcMpJrDFDSvVcR2g/Q1JTzMik7KWKCIRHaEB6hsaIE+Vn03MmsGqUCPYTaV6s4VT9PZEhrtSYh6aTIz1U814u/uf1Ut2/8DMai1STGM8W9VMGdQLzbGBEJcGajQ1BWFLzV4iHSCKsTYJlE4I7f/Iiaddr7mmtfntWaVwVcZTAITgCx8AF56ABbkATtAAGj+AZvII368l6sd6tj1nrklXMHIA/sD5/AJv6moY=</latexit>



[12]h23ih13i
m1m2

<latexit sha1_base64="P2Sndqi/hiLc0vCHoNxT+7XNcUU=">AAACQ3icbVC7TsMwFHXKq5RXgZHFokJiqpIWCcYKFsYi0YdooshxnNaq7US2g1RF/TcWfoCNH2BhACFWJNw0A205knWPz7lX1z5BwqjStv1qldbWNza3ytuVnd29/YPq4VFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWB8M/N7j0QqGot7PUmIx9FQ0IhipI3kVx/cSCKcDdwgZiF05qXhuQyJISPFdV6arsxFuGA6S+Y0474Dud+Y+tWaXbdzwFXiFKQGCrT96osbxjjlRGjMkFIDx060lyGpKWZkWnFTRRKEx2hIBoYKxInysjyDKTwzSgijWJojNMzVvxMZ4kpNeGA6OdIjtezNxP+8QaqjKy+jIkk1EXi+KEoZ1DGcBQpDKgnWbGIIwpKat0I8QiZUbWKvmBCc5S+vkm6j7jTrjbuLWuu6iKMMTsApOAcOuAQtcAvaoAMweAJv4AN8Ws/Wu/Vlfc9bS1YxcwwWYP38AvcxsFA=</latexit>

[12]3

[23][13]
<latexit sha1_base64="y1Fpnqd8kyBiONf5DfHaUu/+X1E=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkrSCLosunFZwT4gjWUynbRDJw9mJkIJwY2/4saFIm79Cnf+jdM2C209cOFwzr3ce4+fcCaVZX0bpZXVtfWN8mZla3tnd8/cP2jLOBWEtkjMY9H1saScRbSlmOK0mwiKQ5/Tjj++nvqdByoki6M7NUmoF+JhxAJGsNJS3zxCvUBgkiHXrnv3Tp65dcdzbcfL+2bVqlkzoGViF6QKBZp986s3iEka0kgRjqV0bStRXoaFYoTTvNJLJU0wGeMhdTWNcEill81eyNGpVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/PDdVwaWXsShJFY3IfFGQcqRiNM0DDZigRPGJJpgIpm9FZIR1JEqnVtEh2IsvL5N2vWY7tfrtebVxVcRRhmM4gTOw4QIacANNaAGBR3iGV3gznowX4934mLeWjGLmEP7A+PwBt6CVtg==</latexit>

        Higgs Mechanism as IR Unification

[13][23]
[12]

<latexit sha1_base64="sTo9T5EU7HVVrWJuraTSuO8iOiQ=">AAACAHicbZC7SgNBFIbPeo3xtl7AwmYwCFZhd1NoGdTCMoK5wGYJs5PZZMjshZlZISzb+Co2ForY+hRipb0P4CM4uRSa+MPAx3/O4cz5/YQzqSzr01hYXFpeWS2sFdc3Nre2zZ3dhoxTQWidxDwWLR9LyllE64opTluJoDj0OW36g4tRvXlLhWRxdKOGCfVC3ItYwAhW2uqYB6gdCEwy1654rlPxck2Ol6OOWbLK1lhoHuwplKrO1/fH5dt+rWO+t7sxSUMaKcKxlK5tJcrLsFCMcJoX26mkCSYD3KOuxgiHVHrZ+IAcHWuni4JY6BcpNHZ/T2Q4lHIY+rozxKovZ2sj87+am6rgzMtYlKSKRmSyKEg5UjEapYG6TFCi+FADJoLpvyLSxzoQpTMr6hDs2ZPnoeGU7UrZubZL1XOYqACHcAQnYMMpVOEKalAHAjncwyM8GXfGg/FsvExaF4zpzB78kfH6A0QtmVQ=</latexit>

Non-local poles to mass singularity

3+
<latexit sha1_base64="vbjB4CTT+ERgMMofQ75mJEdXIGo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIewmgh6DXjxGNA9I1jA76U2GzM4uM7NCCPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbDm6nffEKleSwfzChBP6J9yUPOqLHSfeXxvFsouiV3BrJMvIwUIUOtW/jq9GKWRigNE1Trtucmxh9TZTgTOMl3Uo0JZUPax7alkkao/fHs1Ak5tUqPhLGyJQ2Zqb8nxjTSehQFtjOiZqAXvan4n9dOTXjlj7lMUoOSzReFqSAmJtO/SY8rZEaMLKFMcXsrYQOqKDM2nbwNwVt8eZk0yiWvUirfXRSr11kcOTiGEzgDDy6hCrdQgzow6MMzvMKbI5wX5935mLeuONnMEfyB8/kDmTSNWA==</latexit>

3�
<latexit sha1_base64="6MH5otfTg3NXW3F3qLg3fg+O0vk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHYTQY9BLx4jmgcka5id9CZDZmeXmVkhhHyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzdRvPqHSPJYPZpSgH9G+5CFn1FjpvvJ43i0U3ZI7A1kmXkaKkKHWLXx1ejFLI5SGCap123MT44+pMpwJnOQ7qcaEsiHtY9tSSSPU/nh26oScWqVHwljZkobM1N8TYxppPYoC2xlRM9CL3lT8z2unJrzyx1wmqUHJ5ovCVBATk+nfpMcVMiNGllCmuL2VsAFVlBmbTt6G4C2+vEwa5ZJXKZXvLorV6yyOHBzDCZyBB5dQhVuoQR0Y9OEZXuHNEc6L8+58zFtXnGzmCP7A+fwBnDyNWg==</latexit>

1+
<latexit sha1_base64="Yez1j7a2XbYVvyTZLOnaRzsEZxY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevEY0TwgWcPsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwupn6zSeujYjUA45j7od0oERfMIpWuvcez7rFklt2ZyDLxMtICTLUusWvTi9iScgVMkmNaXtujH5KNQom+aTQSQyPKRvRAW9bqmjIjZ/OTp2QE6v0SD/SthSSmfp7IqWhMeMwsJ0hxaFZ9Kbif147wf6VnwoVJ8gVmy/qJ5JgRKZ/k57QnKEcW0KZFvZWwoZUU4Y2nYINwVt8eZk0KmXvvFy5uyhVr7M48nAEx3AKHlxCFW6hBnVgMIBneIU3RzovzrvzMW/NOdnMIfyB8/kDliiNVg==</latexit>

2+
<latexit sha1_base64="GjhZdKKaYP6GweBx2EXuHqQffGg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZK95XHs26x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns1Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/KT7mME4OSzRf1E0FMRKZ/kx5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf48jJpVMreeblyd1GqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MHl66NVw==</latexit>

N. Arkani-Hamed, T.C. Huang & Y.t. Huang ‘17



        Tree-level Unitarity

Mn . E4�n
<latexit sha1_base64="L30bCUIqXcBy5Q+UCDQezo77yT4=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHcWJJa0GVRBDdCBfuAJobJdNIOnUzCzEQoITs3/oobF4q49Rfc+TdO2iy09cCFwzn3cu89fsyoVJb1bSwsLi2vrJbWyusbm1vb5s5uW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6DL3Ow9ESBrxOzWOiRuiAacBxUhpyTMPnBCpIUYsvck8Dh1GpJQ0hFf3af2EZ55ZsarWBHCe2AWpgAJNz/xy+hFOQsIVZkjKnm3Fyk2RUBQzkpWdRJIY4REakJ6mHIVEuunkjwweaaUPg0jo4gpO1N8TKQqlHIe+7syvlrNeLv7n9RIVnLsp5XGiCMfTRUHCoIpgHgrsU0GwYmNNEBZU3wrxEAmElY6urEOwZ1+eJ+1a1T6t1m7rlcZFEUcJ7INDcAxscAYa4Bo0QQtg8AiewSt4M56MF+Pd+Ji2LhjFzB74A+PzB6jUmSk=</latexit>

Up to logarithmic factor 

Mn(Ei, ✓i)
<latexit sha1_base64="baFh2lpQP60+ueAEYPYn6jMd6J4=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpSkCrosiuBGqGAf0IYwmU7aoZNJmLkRSujGjb/ixoUibv0Hd/6N08dCqwcuHM65l3vvCRLBNTjOl5VbWFxaXsmvFtbWNza37O2dho5TRVmdxiJWrYBoJrhkdeAgWCtRjESBYM1gcDn2m/dMaR7LOxgmzItIT/KQUwJG8u39TkSgT4nIbka+LF35/Bh3oM+A+PzIt4tO2ZkA/yXujBTRDDXf/ux0Y5pGTAIVROu26yTgZUQBp4KNCp1Us4TQAemxtqGSREx72eSLET40SheHsTIlAU/UnxMZibQeRoHpHN+s572x+J/XTiE89zIukxSYpNNFYSowxHgcCe5yxSiIoSGEKm5uxbRPFKFggiuYENz5l/+SRqXsnpQrt6fF6sUsjjzaQweohFx0hqroGtVQHVH0gJ7QC3q1Hq1n6816n7bmrNnMLvoF6+MbjDyX8w==</latexit>

Fixed angles

J. Cornwall, D. Levin & G. Tiktopoulos ‘74



       Gauge Boson Sector

Cabc@µA
a
⌫A

b
µA

c
⌫

<latexit sha1_base64="iyi3IszokTtyqRp5lIC9ISwnE0Y=">AAACFXicbVDLSgMxFM3Ud31VXboJFsGFlJkq6FLtxmUFWwudOtxJ0xpMMkMeQhn6E278FTcuFHEruPNvzLSz8HUg5OSce7m5J04508b3P73SzOzc/MLiUnl5ZXVtvbKx2daJVYS2SMIT1YlBU84kbRlmOO2kioKIOb2Kbxu5f3VHlWaJvDSjlPYEDCUbMALGSVFlvxFlEJMxDlNQhgGPQmHxaRRKew35Lex1XLxJVKn6NX8C/JcEBamiAs2o8hH2E2IFlYZw0Lob+KnpZfkkwum4HFpNUyC3MKRdRyUIqnvZZKsx3nVKHw8S5Y40eKJ+78hAaD0SsasUYG70by8X//O61gyOexmTqTVUkumggeXYJDiPCPeZosTwkSNAFHN/xeQGFBDjgiy7EILfK/8l7XotOKjVLw6rJ2dFHItoG+2gPRSgI3SCzlETtRBB9+gRPaMX78F78l69t2lpySt6ttAPeO9fh/CeaQ==</latexit>

DabcdAa
µ Ab

µ Ac
! Ad

!
<latexit sha1_base64="rKjF9/Sh8izcTdQl6KaeWcgN2I0=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqVCUFCcbyGBiLRB9Sm0aO47ZWbSeyHaQq6i+w8CssDCDEysbG3+C0GaDlStY5OudeXd8TxIwq7TjfVmFldW19o7hZ2tre2d2z9w9aKkokJk0csUh2AqQIo4I0NdWMdGJJEA8YaQfj68xvPxCpaCTu9SQmHkdDQQcUI20k367c+CkKcDiFl36PJ32UY5ChSPo4x9C3y07VmRVcJm5OyiCvhm9/9cIIJ5wIjRlSqus6sfZSJDXFjExLvUSRGOExGpKuoQJxorx0dtEUnhglhINImic0nKm/J1LElZrwwHRypEdq0cvE/7xuogcXXkpFnGgi8HzRIGFQRzCLB4ZUEqzZxBCEJTV/hXiEJMLahFgyIbiLJy+TVq3qnlZrd2fl+lUeRxEcgWNQAS44B3VwCxqgCTB4BM/gFbxZT9aL9W59zFsLVj5zCP6U9fkD0CCcYA==</latexit>

E 6
<latexit sha1_base64="pI1ii2C8ZV5upFpMprZ4guZJcxo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6jEogseI5gHJGmYnk2TI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoxmsskpFuBtRwKRSvoUDJm7HmNAwkbwTD64nfeOLaiEg94Cjmfkj7SvQEo2il+5vH806h6JbcKcgi8TJShAzVTuGr3Y1YEnKFTFJjWp4bo59SjYJJPs63E8Njyoa0z1uWKhpy46fTU8fk2Cpd0ou0LYVkqv6eSGlozCgMbGdIcWDmvYn4n9dKsHfpp0LFCXLFZot6iSQYkcnfpCs0ZyhHllCmhb2VsAHVlKFNJ29D8OZfXiT1csk7LZXvzoqVqyyOHBzCEZyABxdQgVuoQg0Y9OEZXuHNkc6L8+58zFqXnGzmAP7A+fwBxUyNdQ==</latexit>

E4
<latexit sha1_base64="SY89YjRYdGYbckpsTxMLG1aL9bg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Y0GNQBI8RzQOSNcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzdxWfntnd2+/cHDY0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hweuo3n1BpHssHM0rQj2hf8pAzaqx0f/NY6RaKbsmdgSwTLyNFyFDrFr46vZilEUrDBNW67bmJ8cdUGc4ETvKdVGNC2ZD2sW2ppBFqfzw7dUJOrdIjYaxsSUNm6u+JMY20HkWB7YyoGehFbyr+57VTE176Yy6T1KBk80VhKoiJyfRv0uMKmREjSyhT3N5K2IAqyoxNJ29D8BZfXiaNcsk7L5XvKsXqVRZHDo7hBM7Agwuowi3UoA4M+vAMr/DmCOfFeXc+5q0rTjZzBH/gfP4AwkSNcw==</latexit>

E2
<latexit sha1_base64="rK/d0h6MxvCoo4iD/nlxhxcPOXY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BETxGNA9IYpid9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R9dRvPqHSPJIPZhxjN6QDyQPOqLHS/c1jpVcsuWV3BrJMvIyUIEOtV/zq9COWhCgNE1TrtufGpptSZTgTOCl0Eo0xZSM6wLalkoaou+ns1Ak5sUqfBJGyJQ2Zqb8nUhpqPQ592xlSM9SL3lT8z2snJrjsplzGiUHJ5ouCRBATkenfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwalbJ3Vq7cnZeqV1kceTiCYzgFDy6gCrdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBvzyNcQ==</latexit>

E4
<latexit sha1_base64="SY89YjRYdGYbckpsTxMLG1aL9bg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Y0GNQBI8RzQOSNcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzdxWfntnd2+/cHDY0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hweuo3n1BpHssHM0rQj2hf8pAzaqx0f/NY6RaKbsmdgSwTLyNFyFDrFr46vZilEUrDBNW67bmJ8cdUGc4ETvKdVGNC2ZD2sW2ppBFqfzw7dUJOrdIjYaxsSUNm6u+JMY20HkWB7YyoGehFbyr+57VTE176Yy6T1KBk80VhKoiJyfRv0uMKmREjSyhT3N5K2IAqyoxNJ29D8BZfXiaNcsk7L5XvKsXqVRZHDo7hBM7Agwuowi3UoA4M+vAMr/DmCOfFeXc+5q0rTjZzBH/gfP4AwkSNcw==</latexit>

E2
<latexit sha1_base64="rK/d0h6MxvCoo4iD/nlxhxcPOXY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BETxGNA9IYpid9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R9dRvPqHSPJIPZhxjN6QDyQPOqLHS/c1jpVcsuWV3BrJMvIyUIEOtV/zq9COWhCgNE1TrtufGpptSZTgTOCl0Eo0xZSM6wLalkoaou+ns1Ak5sUqfBJGyJQ2Zqb8nUhpqPQ592xlSM9SL3lT8z2snJrjsplzGiUHJ5ouCRBATkenfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwalbJ3Vq7cnZeqV1kceTiCYzgFDy6gCrdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBvzyNcQ==</latexit>



Cabc@µA
a
⌫A

b
µA

c
⌫

<latexit sha1_base64="iyi3IszokTtyqRp5lIC9ISwnE0Y=">AAACFXicbVDLSgMxFM3Ud31VXboJFsGFlJkq6FLtxmUFWwudOtxJ0xpMMkMeQhn6E278FTcuFHEruPNvzLSz8HUg5OSce7m5J04508b3P73SzOzc/MLiUnl5ZXVtvbKx2daJVYS2SMIT1YlBU84kbRlmOO2kioKIOb2Kbxu5f3VHlWaJvDSjlPYEDCUbMALGSVFlvxFlEJMxDlNQhgGPQmHxaRRKew35Lex1XLxJVKn6NX8C/JcEBamiAs2o8hH2E2IFlYZw0Lob+KnpZfkkwum4HFpNUyC3MKRdRyUIqnvZZKsx3nVKHw8S5Y40eKJ+78hAaD0SsasUYG70by8X//O61gyOexmTqTVUkumggeXYJDiPCPeZosTwkSNAFHN/xeQGFBDjgiy7EILfK/8l7XotOKjVLw6rJ2dFHItoG+2gPRSgI3SCzlETtRBB9+gRPaMX78F78l69t2lpySt6ttAPeO9fh/CeaQ==</latexit>

DabcdAa
µ Ab

µ Ac
! Ad

!
<latexit sha1_base64="rKjF9/Sh8izcTdQl6KaeWcgN2I0=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqVCUFCcbyGBiLRB9Sm0aO47ZWbSeyHaQq6i+w8CssDCDEysbG3+C0GaDlStY5OudeXd8TxIwq7TjfVmFldW19o7hZ2tre2d2z9w9aKkokJk0csUh2AqQIo4I0NdWMdGJJEA8YaQfj68xvPxCpaCTu9SQmHkdDQQcUI20k367c+CkKcDiFl36PJ32UY5ChSPo4x9C3y07VmRVcJm5OyiCvhm9/9cIIJ5wIjRlSqus6sfZSJDXFjExLvUSRGOExGpKuoQJxorx0dtEUnhglhINImic0nKm/J1LElZrwwHRypEdq0cvE/7xuogcXXkpFnGgi8HzRIGFQRzCLB4ZUEqzZxBCEJTV/hXiEJMLahFgyIbiLJy+TVq3qnlZrd2fl+lUeRxEcgWNQAS44B3VwCxqgCTB4BM/gFbxZT9aL9W59zFsLVj5zCP6U9fkD0CCcYA==</latexit>

E 6
<latexit sha1_base64="pI1ii2C8ZV5upFpMprZ4guZJcxo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6jEogseI5gHJGmYnk2TI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoxmsskpFuBtRwKRSvoUDJm7HmNAwkbwTD64nfeOLaiEg94Cjmfkj7SvQEo2il+5vH806h6JbcKcgi8TJShAzVTuGr3Y1YEnKFTFJjWp4bo59SjYJJPs63E8Njyoa0z1uWKhpy46fTU8fk2Cpd0ou0LYVkqv6eSGlozCgMbGdIcWDmvYn4n9dKsHfpp0LFCXLFZot6iSQYkcnfpCs0ZyhHllCmhb2VsAHVlKFNJ29D8OZfXiT1csk7LZXvzoqVqyyOHBzCEZyABxdQgVuoQg0Y9OEZXuHNkc6L8+58zFqXnGzmAP7A+fwBxUyNdQ==</latexit>

E4
<latexit sha1_base64="SY89YjRYdGYbckpsTxMLG1aL9bg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Y0GNQBI8RzQOSNcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzdxWfntnd2+/cHDY0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hweuo3n1BpHssHM0rQj2hf8pAzaqx0f/NY6RaKbsmdgSwTLyNFyFDrFr46vZilEUrDBNW67bmJ8cdUGc4ETvKdVGNC2ZD2sW2ppBFqfzw7dUJOrdIjYaxsSUNm6u+JMY20HkWB7YyoGehFbyr+57VTE176Yy6T1KBk80VhKoiJyfRv0uMKmREjSyhT3N5K2IAqyoxNJ29D8BZfXiaNcsk7L5XvKsXqVRZHDo7hBM7Agwuowi3UoA4M+vAMr/DmCOfFeXc+5q0rTjZzBH/gfP4AwkSNcw==</latexit>

Cabc
<latexit sha1_base64="rW4K4gU6kTaNu8yav/PqJZV7C9k=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMdiLx4r2A9oQ5lsN+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeYNOZ+54kpzWP5aKYJ8yMcSR5yisZKncYgw4DOBuWKW3UXIOvEy0kFcjQH5a/+MKZpxKShArXueW5i/AyV4VSwWamfapYgneCI9SyVGDHtZ4tzZ+TCKkMSxsqWNGSh/p7IMNJ6GgW2M0Iz1qveXPzP66UmvPUzLpPUMEmXi8JUEBOT+e9kyBWjRkwtQaq4vZXQMSqkxiZUsiF4qy+vk3at6l1Vaw/XlfpdHkcRzuAcLsGDG6jDPTShBRQm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gBCC4+E</latexit>

fully antisymmetric

Dabcd ! Cabf Cfcd
<latexit sha1_base64="8iutqHCwa7/yn1dUhGbyY4z6vcA=">AAACCXicbVA7T8MwGHR4lvIKMLJYVEhMVVKQYKwoA2OR6ENqo8hxnNaq41i2g1RFWVn4KywMIMTKP2Dj3+C0GaDlJMunu++TfRcIRpV2nG9rZXVtfWOzslXd3tnd27cPDrsqSSUmHZywRPYDpAijnHQ01Yz0hSQoDhjpBZNW4fceiFQ04fd6KogXoxGnEcVIG8m34Y2foQCHORwKmQidwFYhRHlxR0b37ZpTd2aAy8QtSQ2UaPv21zBMcBoTrjFDSg1cR2gvQ1JTzEheHaaKCIQnaEQGhnIUE+VlsyQ5PDVKCKNEmsM1nKm/NzIUKzWNAzMZIz1Wi14h/ucNUh1deRnlItWE4/lDUcqgCVzUAkMqCdZsagjCkpq/QjxGEmFtyquaEtzFyMuk26i75/XG3UWteV3WUQHH4AScARdcgia4BW3QARg8gmfwCt6sJ+vFerc+5qMrVrlzBP7A+vwBKGqZ/g==</latexit>

E2
<latexit sha1_base64="rK/d0h6MxvCoo4iD/nlxhxcPOXY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BETxGNA9IYpid9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R9dRvPqHSPJIPZhxjN6QDyQPOqLHS/c1jpVcsuWV3BrJMvIyUIEOtV/zq9COWhCgNE1TrtufGpptSZTgTOCl0Eo0xZSM6wLalkoaou+ns1Ak5sUqfBJGyJQ2Zqb8nUhpqPQ592xlSM9SL3lT8z2snJrjsplzGiUHJ5ouCRBATkenfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwalbJ3Vq7cnZeqV1kceTiCYzgFDy6gCrdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBvzyNcQ==</latexit>

CabfCfcd + CbcfCfad + CcafCfbd = 0
<latexit sha1_base64="10XTyfk0Y5PRRmJX+LB/4pdEKa4=">AAACHnicbZDLSsNAFIYnXmu9RV26GSyCIJSkKroRit24rGAv0IZyMpm0QycXZiZCCXkSN76KGxeKCK70bZy0WWjrgWF+vv8cZs7vxpxJZVnfxtLyyuraemmjvLm1vbNr7u23ZZQIQlsk4pHouiApZyFtKaY47caCQuBy2nHHjdzvPFAhWRTeq0lMnQCGIfMZAaXRwLxoDFJw/Qzr2ydedpoLlxQACkCgAK6X4WtsDcyKVbWmhReFXYgKKqo5MD/7XkSSgIaKcJCyZ1uxclIQihFOs3I/kTQGMoYh7WkZQkClk07Xy/CxJh72I6FPqPCU/p5IIZByEri6MwA1kvNeDv/zeonyr5yUhXGiaEhmD/kJxyrCeVbYY4ISxSdaABFM/xWTEQggSida1iHY8ysvinatap9Va3fnlfpNEUcJHaIjdIJsdInq6BY1UQsR9Iie0St6M56MF+Pd+Ji1LhnFzAH6U8bXD8yooQI=</latexit>
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DL, Z. Yin:  work in progress

Cabe
[12]h2Iih1Ii

m1m2
<latexit sha1_base64="R4l7KyQFtq9GzudgJSLwqYE1nng="></latexit>

Ccde
h34i[3I][4I]

m3m4
<latexit sha1_base64="1qJdmIRxDPaYb4RgGfZ+ctF/sWU="></latexit>

CabeCcde
[12]h34ih2|p1|3]h1|p2|4]
(s�m2

I)m1m2m3m4
<latexit sha1_base64="XHG1Fa7RoQwXNhkAZkt2QR7T3f8="></latexit>

CabeCcde
[12]h12ih34i[34]
m1m2m3m4

<latexit sha1_base64="MA7nkvmFEhlB16yF7XSRWwXf7YU="></latexit>

E4
<latexit sha1_base64="SY89YjRYdGYbckpsTxMLG1aL9bg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Y0GNQBI8RzQOSNcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzdxWfntnd2+/cHDY0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hweuo3n1BpHssHM0rQj2hf8pAzaqx0f/NY6RaKbsmdgSwTLyNFyFDrFr46vZilEUrDBNW67bmJ8cdUGc4ETvKdVGNC2ZD2sW2ppBFqfzw7dUJOrdIjYaxsSUNm6u+JMY20HkWB7YyoGehFbyr+57VTE176Yy6T1KBk80VhKoiJyfRv0uMKmREjSyhT3N5K2IAqyoxNJ29D8BZfXiaNcsk7L5XvKsXqVRZHDo7hBM7Agwuowi3UoA4M+vAMr/DmCOfFeXc+5q0rTjZzBH/gfP4AwkSNcw==</latexit>

1a
<latexit sha1_base64="Kl9qkyILXweQXDcSpcoEckMrivw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lsl20y7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqyho0FrFqB6iZ4JI1DDeCtRPFMAoEawWjm6nfemJK81g+mHHC/AgHkoecorHSvfeIvVLZrbgzkGXi5aQMOeq90le3H9M0YtJQgVp3PDcxfobKcCrYpNhNNUuQjnDAOpZKjJj2s9mpE3JqlT4JY2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVITXvkZl0lqmKTzRWEqiInJ9G/S54pRI8aWIFXc3kroEBVSY9Mp2hC8xZeXSbNa8c4r1buLcu06j6MAx3ACZ+DBJdTgFurQAAoDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDoAI2M</latexit>

2b
<latexit sha1_base64="RH+TB4+Fn8BMfpfEYkno9uOogAk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrpvvoY9Eplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHrCo2O</latexit>

3c
<latexit sha1_base64="+Ms6bG56Wp5FYIOYIkdpguOBBqo=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBlcwOszBhdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK99VH1iuW3LI7B1klXkZKkKHeK351+zFLI66QSWpMx3MT9CdUo2CSTwvd1PCEshEd8I6likbc+JP5qVNyZpU+CWNtSyGZq78nJjQyZhwFtjOiODTL3kz8z+ukGF75E6GSFLlii0VhKgnGZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdgQvOWXV0mzUvaq5crdRal2ncWRhxM4hXPw4BJqcAt1aACDATzDK7w50nlx3p2PRWvOyWaO4Q+czx/uFI2Q</latexit>

4d
<latexit sha1_base64="MJnED3IWOSYqmeE7rts53XoyFMc=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXisaD+gXUs2m21Ds8mSZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5QcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY38z8zhNVmknxYCYJ9WM8FCxiBBsr3dcfw0G54lbdOdAq8XJSgRzNQfmrH0qSxlQYwrHWPc9NjJ9hZRjhdFrqp5ommIzxkPYsFTim2s/mp07RmVVCFEllSxg0V39PZDjWehIHtjPGZqSXvZn4n9dLTXTlZ0wkqaGCLBZFKUdGotnfKGSKEsMnlmCimL0VkRFWmBibTsmG4C2/vEratap3Ua3d1SuN6zyOIpzAKZyDB5fQgFtoQgsIDOEZXuHN4c6L8+58LFoLTj5zDH/gfP4A8R6Nkg==</latexit>
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1a
<latexit sha1_base64="Kl9qkyILXweQXDcSpcoEckMrivw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lsl20y7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqyho0FrFqB6iZ4JI1DDeCtRPFMAoEawWjm6nfemJK81g+mHHC/AgHkoecorHSvfeIvVLZrbgzkGXi5aQMOeq90le3H9M0YtJQgVp3PDcxfobKcCrYpNhNNUuQjnDAOpZKjJj2s9mpE3JqlT4JY2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVITXvkZl0lqmKTzRWEqiInJ9G/S54pRI8aWIFXc3kroEBVSY9Mp2hC8xZeXSbNa8c4r1buLcu06j6MAx3ACZ+DBJdTgFurQAAoDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDoAI2M</latexit>

2b
<latexit sha1_base64="RH+TB4+Fn8BMfpfEYkno9uOogAk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrpvvoY9Eplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHrCo2O</latexit>

3c
<latexit sha1_base64="+Ms6bG56Wp5FYIOYIkdpguOBBqo=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBlcwOszBhdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK99VH1iuW3LI7B1klXkZKkKHeK351+zFLI66QSWpMx3MT9CdUo2CSTwvd1PCEshEd8I6likbc+JP5qVNyZpU+CWNtSyGZq78nJjQyZhwFtjOiODTL3kz8z+ukGF75E6GSFLlii0VhKgnGZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdgQvOWXV0mzUvaq5crdRal2ncWRhxM4hXPw4BJqcAt1aACDATzDK7w50nlx3p2PRWvOyWaO4Q+czx/uFI2Q</latexit>

4d
<latexit sha1_base64="MJnED3IWOSYqmeE7rts53XoyFMc=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXisaD+gXUs2m21Ds8mSZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5QcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY38z8zhNVmknxYCYJ9WM8FCxiBBsr3dcfw0G54lbdOdAq8XJSgRzNQfmrH0qSxlQYwrHWPc9NjJ9hZRjhdFrqp5ommIzxkPYsFTim2s/mp07RmVVCFEllSxg0V39PZDjWehIHtjPGZqSXvZn4n9dLTXTlZ0wkqaGCLBZFKUdGotnfKGSKEsMnlmCimL0VkRFWmBibTsmG4C2/vEratap3Ua3d1SuN6zyOIpzAKZyDB5fQgFtoQgsIDOEZXuHN4c6L8+58LFoLTj5zDH/gfP4A8R6Nkg==</latexit>

F ab!

m1m2
[12]!12"

<latexit sha1_base64="A5zuRd3TomYjH75DireHTfOCPL0="></latexit>

F cd↵

m3m4
[34]h34i

<latexit sha1_base64="o9uaYAZLkpiFEK641POVSGl99LI="></latexit>

E2
<latexit sha1_base64="rK/d0h6MxvCoo4iD/nlxhxcPOXY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BETxGNA9IYpid9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R9dRvPqHSPJIPZhxjN6QDyQPOqLHS/c1jpVcsuWV3BrJMvIyUIEOtV/zq9COWhCgNE1TrtufGpptSZTgTOCl0Eo0xZSM6wLalkoaou+ns1Ak5sUqfBJGyJQ2Zqb8nUhpqPQ592xlSM9SL3lT8z2snJrjsplzGiUHJ5ouCRBATkenfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwalbJ3Vq7cnZeqV1kceTiCYzgFDy6gCrdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBvzyNcQ==</latexit>

F ab↵F cd↵

m1m2m3m4

[12]h12i[34]h34i
s�m2

↵
<latexit sha1_base64="ImbHxOpkCA9SvdNQsQbvS6jQDic="></latexit>

F ! mV
<latexit sha1_base64="dv6L2bHtmpB4VZ/viOgvKGqnBCY=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsJuFPQYFMRjBPOAZFlmJ7PJkHkxMyvEkC/x4kERr36KN//GSbIHTSxoKKq66e5KFKPGBsG3V1hb39jcKm6Xdnb39sv+wWHLyExj0sSSSd1JkCGMCtK01DLSUZognjDSTkY3M7/9SLShUjzYsSIRRwNBU4qRdVLslyG8hT2lpbIS8rgV+5WgGswBV0mYkwrI0Yj9r15f4owTYTFDxnTDQNlogrSlmJFpqZcZohAeoQHpOioQJyaazA+fwlOn9GEqtSth4Vz9PTFB3JgxT1wnR3Zolr2Z+J/XzWx6FU2oUJklAi8WpRmD7slZCrBPNcGWjR1BWFN3K8RDpBG2LquSCyFcfnmVtGrV8Lxau7+o1K/zOIrgGJyAMxCCS1AHd6ABmgCDDDyDV/DmPXkv3rv3sWgtePnMEfgD7/MHPSKSLQ==</latexit>

For                   , see B. Bachu, A. Yelleshpur ‘19SU(2) ! U(1)
<latexit sha1_base64="YS4T3u16n2uiInjIpH5vHsYcfOI=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXjcQELqRFEz0SvXjEaIEEGrJdtrBhu212tySk4Z948aAxXv0n3vw3LtCDgi+Z5OW9mczMCxLOlHacb6uwsbm1vVPcLe3tHxwe2ccnLRWnklCPxDyWnQArypmgnmaa004iKY4CTtvB+G7utydUKhaLJz1NqB/hoWAhI1gbqW/bj16lXu1pFlGFvIpb7dtlp+YsgNaJm5My5Gj27a/eICZpRIUmHCvVdZ1E+xmWmhFOZ6VeqmiCyRgPaddQgc0mP1tcPkMXRhmgMJamhEYL9fdEhiOlplFgOiOsR2rVm4v/ed1Uhzd+xkSSairIclGYcqRjNI8BDZikRPOpIZhIZm5FZIQlJtqEVTIhuKsvr5NWveZe1uoPV+XGbR5HEc7gHCrgwjU04B6a4AGBCTzDK7xZmfVivVsfy9aClc+cwh9Ynz/64pHv</latexit>



       Fermion Sector: s-channel

k
<latexit sha1_base64="S3l8nnBLDerjgmOsR9KRP3N3+lk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f09OM8w==</latexit>

k
<latexit sha1_base64="S3l8nnBLDerjgmOsR9KRP3N3+lk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f09OM8w==</latexit>

Ra
ki

[12]!1I "
m1

<latexit sha1_base64="CAjslUGAe5P/jOx1PGKN7vmv1UU=">AAACMHicbZBNS8MwGMfT+TbnW9Wjl+AQPI12CnocelBvU9wLtLWkabqFpWlJUmGUfiQvfhS9KCji1U9h9nJwmw+E/Pn9n4fk+Qcpo1JZ1rtRWlpeWV0rr1c2Nre2d8zdvbZMMoFJCycsEd0AScIoJy1FFSPdVBAUB4x0gsHlyO88EiFpwu/VMCVejHqcRhQjpZFvXt095Kjw8wEt3EggnDtukLAQ2nBy1z2XId5jBM7yG+iKCS/y2LcL36xaNWtccFHYU1EF02r65osbJjiLCVeYISkd20qVlyOhKGakqLiZJCnCA9QjjpYcxUR6+XjhAh5pEsIoEfpwBcf070SOYimHcaA7Y6T6ct4bwf88J1PRuZdTnmaKcDx5KMoYVAkcpQdDKghWbKgFwoLqv0LcRzo3pTOu6BDs+ZUXRbtes09q9dvTauNiGkcZHIBDcAxscAYa4Bo0QQtg8ARewQf4NJ6NN+PL+J60lozpzD6YKePnF+s0qNs=</latexit>

Rb
jk

[3I ]!34"
m3

<latexit sha1_base64="4BLP37FavRZs3tyqxslLwohp8E8="></latexit>

1a
<latexit sha1_base64="Kl9qkyILXweQXDcSpcoEckMrivw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lsl20y7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqyho0FrFqB6iZ4JI1DDeCtRPFMAoEawWjm6nfemJK81g+mHHC/AgHkoecorHSvfeIvVLZrbgzkGXi5aQMOeq90le3H9M0YtJQgVp3PDcxfobKcCrYpNhNNUuQjnDAOpZKjJj2s9mpE3JqlT4JY2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVITXvkZl0lqmKTzRWEqiInJ9G/S54pRI8aWIFXc3kroEBVSY9Mp2hC8xZeXSbNa8c4r1buLcu06j6MAx3ACZ+DBJdTgFurQAAoDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDoAI2M</latexit> 3b

<latexit sha1_base64="QcLlSVGJ/FtzLWQpFjPrwfMdN7o=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBlcwOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1FjpvvoY9Iolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/8CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5JmpexVy5W7i1LtOosjDydwCufgwSXU4Bbq0AAGA3iGV3hzhPPivDsfi9ack80cwx84nz/skI2P</latexit>

2i
<latexit sha1_base64="iSCC95TI96kWbJhq8pPsPHJSeik=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrpvvooeqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk2a14p1XqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gD1po2V</latexit>

4j
<latexit sha1_base64="slIfpXytfYZ4FDeMZLrDtNOJj6w=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV0k0SPRi0eM8khgJbPDLIzMzm5mek0I4RO8eNAYr36RN//GAfagYCWdVKq6090VJFIYdN1vZ2V1bX1jM7eV397Z3dsvHBw2TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD66nffOLaiFjd4yjhfkT7SoSCUbTSXeXhsVsouiV3BrJMvIwUIUOtW/jq9GKWRlwhk9SYtucm6I+pRsEkn+Q7qeEJZUPa521LFY248cezUyfk1Co9EsbalkIyU39PjGlkzCgKbGdEcWAWvan4n9dOMbz0x0IlKXLF5ovCVBKMyfRv0hOaM5QjSyjTwt5K2IBqytCmk7cheIsvL5NGueSdl8q3lWL1KosjB8dwAmfgwQVU4QZqUAcGfXiGV3hzpPPivDsf89YVJ5s5gj9wPn8A+jaNmA==</latexit>

(RbRa)ji

m1m3

[12]h34ih1|p1 + p2|3]
s� m2

k
<latexit sha1_base64="KdUfrN6V4i7hC6xdPif0ffB0GxQ="></latexit>



       Fermion Sector: t-channel

1a
<latexit sha1_base64="Kl9qkyILXweQXDcSpcoEckMrivw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lsl20y7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqyho0FrFqB6iZ4JI1DDeCtRPFMAoEawWjm6nfemJK81g+mHHC/AgHkoecorHSvfeIvVLZrbgzkGXi5aQMOeq90le3H9M0YtJQgVp3PDcxfobKcCrYpNhNNUuQjnDAOpZKjJj2s9mpE3JqlT4JY2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVITXvkZl0lqmKTzRWEqiInJ9G/S54pRI8aWIFXc3kroEBVSY9Mp2hC8xZeXSbNa8c4r1buLcu06j6MAx3ACZ+DBJdTgFurQAAoDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDoAI2M</latexit> 3b

<latexit sha1_base64="QcLlSVGJ/FtzLWQpFjPrwfMdN7o=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBlcwOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1FjpvvoY9Iolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/8CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5JmpexVy5W7i1LtOosjDydwCufgwSXU4Bbq0AAGA3iGV3hzhPPivDsfi9ack80cwx84nz/skI2P</latexit>

2i
<latexit sha1_base64="iSCC95TI96kWbJhq8pPsPHJSeik=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrpvvooeqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk2a14p1XqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gD1po2V</latexit>

4j
<latexit sha1_base64="slIfpXytfYZ4FDeMZLrDtNOJj6w=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV0k0SPRi0eM8khgJbPDLIzMzm5mek0I4RO8eNAYr36RN//GAfagYCWdVKq6090VJFIYdN1vZ2V1bX1jM7eV397Z3dsvHBw2TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD66nffOLaiFjd4yjhfkT7SoSCUbTSXeXhsVsouiV3BrJMvIwUIUOtW/jq9GKWRlwhk9SYtucm6I+pRsEkn+Q7qeEJZUPa521LFY248cezUyfk1Co9EsbalkIyU39PjGlkzCgKbGdEcWAWvan4n9dOMbz0x0IlKXLF5ovCVBKMyfRv0hOaM5QjSyjTwt5K2IBqytCmk7cheIsvL5NGueSdl8q3lWL1KosjB8dwAmfgwQVU4QZqUAcGfXiGV3hzpPPivDsf89YVJ5s5gj9wPn8A+jaNmA==</latexit>

Ic
<latexit sha1_base64="Z9OKItkFELt86LEmtPIISVTizIM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL3qLaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUr3d8+sm6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNStk7K1fuzkvVqyyOPBzBMZyCBxdQhRuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AD6eNpg==</latexit>

Rc
ji

[2I]!4I"
mI

<latexit sha1_base64="lzo5EjBQafItlwT2f5ubspm/dR8="></latexit>

Cabc
h1I ih3I i[13]

m1m3
<latexit sha1_base64="LUIFL+dOfb+ljnB3/PCB37V+j24=">AAACVXicbVFNS8MwGE7r/Jofq3r0EhyCp9Fugh6HXvSm4HTQlpKm6QxL0pKkwij9k7uI/8SLYDYjqPOFwMPzwZs8SUtGlfb9N8dda61vbG5tt3d29/Y73sHhoyoqickIF6yQ4xQpwqggI001I+NSEsRTRp7S6fVCf3ohUtFCPOhZSWKOJoLmFCNtqMRj10mNUtxEuUS4hhFDYsIIjNKCZTCAFtzCSFrBGqwwWHWE31nriJuaJwHkyaBJvK7f85cDV0FgQRfYuUu8eZQVuOJEaMyQUmHglzqukdQUM9K0o0qREuEpmpDQQIE4UXG9bKWBp4bJYF5Ic4SGS/ZnokZcqRlPjZMj/az+agvyPy2sdH4Z11SUlSYCfy3KKwZ1ARcVw4xKgjWbGYCwpOauED8j0682H9E2JQR/n7wKHvu9YNDr3593h1e2ji1wDE7AGQjABRiCG3AHRgCDOXh3HMd1Xp0Pt+VufFldx2aOwK9xO5+v7LBY</latexit>

CabcRc
ji

m1m3

h14i[13]h3|p1 + p3|2]
t � m2

I
<latexit sha1_base64="AfgYpqDZKF1sUV2Lt+5gaDbOo9Y="></latexit>



       Fermion Sector: Higgs bosons

1a
<latexit sha1_base64="Kl9qkyILXweQXDcSpcoEckMrivw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lsl20y7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqyho0FrFqB6iZ4JI1DDeCtRPFMAoEawWjm6nfemJK81g+mHHC/AgHkoecorHSvfeIvVLZrbgzkGXi5aQMOeq90le3H9M0YtJQgVp3PDcxfobKcCrYpNhNNUuQjnDAOpZKjJj2s9mpE3JqlT4JY2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVITXvkZl0lqmKTzRWEqiInJ9G/S54pRI8aWIFXc3kroEBVSY9Mp2hC8xZeXSbNa8c4r1buLcu06j6MAx3ACZ+DBJdTgFurQAAoDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDoAI2M</latexit> 3b

<latexit sha1_base64="QcLlSVGJ/FtzLWQpFjPrwfMdN7o=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBlcwOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1FjpvvoY9Iolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/8CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5JmpexVy5W7i1LtOosjDydwCufgwSXU4Bbq0AAGA3iGV3hzhPPivDsfi9ack80cwx84nz/skI2P</latexit>

2i
<latexit sha1_base64="iSCC95TI96kWbJhq8pPsPHJSeik=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrpvvooeqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk2a14p1XqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gD1po2V</latexit>

4j
<latexit sha1_base64="slIfpXytfYZ4FDeMZLrDtNOJj6w=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV0k0SPRi0eM8khgJbPDLIzMzm5mek0I4RO8eNAYr36RN//GAfagYCWdVKq6090VJFIYdN1vZ2V1bX1jM7eV397Z3dsvHBw2TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD66nffOLaiFjd4yjhfkT7SoSCUbTSXeXhsVsouiV3BrJMvIwUIUOtW/jq9GKWRlwhk9SYtucm6I+pRsEkn+Q7qeEJZUPa521LFY248cezUyfk1Co9EsbalkIyU39PjGlkzCgKbGdEcWAWvan4n9dOMbz0x0IlKXLF5ovCVBKMyfRv0hOaM5QjSyjTwt5K2IBqytCmk7cheIsvL5NGueSdl8q3lWL1KosjB8dwAmfgwQVU4QZqUAcGfXiGV3hzpPPivDsf89YVJ5s5gj9wPn8A+jaNmA==</latexit>

Y ↵
ji [24] + Y †↵

ji h24i
<latexit sha1_base64="7/FVTaLDxqIvfUCJXxBPLYyGw1k="></latexit>

E
<latexit sha1_base64="oW7OyFl8fZOuY5qYrNXg+guGckE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNCtl76JcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZo7jM0=</latexit>

F ab!

m1m3
[13]!13"

<latexit sha1_base64="DvmEsw+JB06XTe01JXSJMARuGYk="></latexit>

F ab! Y !
ji

m1m3(t � m2
! )

[13]h13i[24]
<latexit sha1_base64="Sx9zGxZMs06WC5mEtrQ5BsQ0i4o="></latexit>



       Fermion Sector

E2
<latexit sha1_base64="rK/d0h6MxvCoo4iD/nlxhxcPOXY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BETxGNA9IYpid9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R9dRvPqHSPJIPZhxjN6QDyQPOqLHS/c1jpVcsuWV3BrJMvIyUIEOtV/zq9COWhCgNE1TrtufGpptSZTgTOCl0Eo0xZSM6wLalkoaou+ns1Ak5sUqfBJGyJQ2Zqb8nUhpqPQ592xlSM9SL3lT8z2snJrjsplzGiUHJ5ouCRBATkenfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwalbJ3Vq7cnZeqV1kceTiCYzgFDy6gCrdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBvzyNcQ==</latexit>

[La, Lb] = iCabcLc
<latexit sha1_base64="FToUje/1h7JW1dEAEd+32pP6+JM=">AAACA3icbVC7SgNBFL3rM8bXqp02g0GwkLAbBW2EYBqLFBHMAzabMDuZTYbMPpiZFcISsPFXbCwUsfUn7PwbJ8kWmnjgwuGce7n3Hi/mTCrL+jaWlldW19ZzG/nNre2dXXNvvyGjRBBaJxGPRMvDknIW0rpiitNWLCgOPE6b3rAy8ZsPVEgWhfdqFFM3wP2Q+YxgpaWueehUO/gMVTuei64RQ5VOij0y1gLpmgWraE2BFomdkQJkqHXNr3YvIklAQ0U4ltKxrVi5KRaKEU7H+XYiaYzJEPepo2mIAyrddPrDGJ1opYf8SOgKFZqqvydSHEg5CjzdGWA1kPPeRPzPcxLlX7kpC+NE0ZDMFvkJRypCk0BQjwlKFB9pgolg+lZEBlhgonRseR2CPf/yImmUivZ5sXR3USjfZHHk4AiO4RRsuIQy3EIN6kDgEZ7hFd6MJ+PFeDc+Zq1LRjZzAH9gfP4A3HyVwA==</latexit>

[Ra, Rb] = iCabcRc
<latexit sha1_base64="VJkN8vaU82H0YIuoDwK/X32ETiE=">AAACA3icbVDLSgNBEOz1GeNr1ZteBoPgQcJuFPQiBHPxGIN5wGYTZiezyZDZBzOzQlgCXvwVLx4U8epPePNvnCR70MSChqKqm+4uL+ZMKsv6NpaWV1bX1nMb+c2t7Z1dc2+/IaNEEFonEY9Ey8OSchbSumKK01YsKA48TpvesDLxmw9USBaF92oUUzfA/ZD5jGClpa556NQ6+AzVOp6LrhFDlU6KPTLWAumaBatoTYEWiZ2RAmSods2vdi8iSUBDRTiW0rGtWLkpFooRTsf5diJpjMkQ96mjaYgDKt10+sMYnWilh/xI6AoVmqq/J1IcSDkKPN0ZYDWQ895E/M9zEuVfuSkL40TRkMwW+QlHKkKTQFCPCUoUH2mCiWD6VkQGWGCidGx5HYI9//IiaZSK9nmxdHdRKN9kceTgCI7hFGy4hDLcQhXqQOARnuEV3own48V4Nz5mrUtGNnMAf2B8/gD40pXS</latexit>

E
<latexit sha1_base64="oW7OyFl8fZOuY5qYrNXg+guGckE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNCtl76JcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZo7jM0=</latexit>

Y / m mV

g
<latexit sha1_base64="ztzq/NNM4mMp+RLB6FFj7AvrEAc=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclZkq6LLoxmUF+5DOMGTSTBuaTEKSEcrQnRt/xY0LRdz6C+78G9N2Ftp6IHA4515uzoklo9p43reztLyyurZe2ihvbm3v7Lp7+y0tMoVJEwsmVCdGmjCakqahhpGOVATxmJF2PLye+O0HojQV6Z0ZSRJy1E9pQjEyVorco3sYSCWkETBIFMI5jwKpKeRRa5z3x5Fb8areFHCR+AWpgAKNyP0KegJnnKQGM6R11/ekCXOkDMWMjMtBpolEeIj6pGtpijjRYT7NMYYnVunBRCj7UgOn6u+NHHGtRzy2kxyZgZ73JuJ/XjczyWWY01RmhqR4dijJGLSpJ6XAHlUEGzayBGFF7V8hHiBbh7HVlW0J/nzkRdKqVf2zau32vFK/KuoogUNwDE6BDy5AHdyABmgCDB7BM3gFb86T8+K8Ox+z0SWn2DkAf+B8/gAcFpl5</latexit>



        Lagrangian vs  On-shell Amplitudes

! Principle of 
Stationary 
Action


! Wilsonian RGE


! Locality 
Manifest

! No Gauge 
Redundancy


! Recursive 
Relations


! Little Group 
Manifest




               Conclusion

! A new understanding of Higgs Mechanism  


! Open question: will new principle emerge from 
new understanding?


