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Vichi Tesi



“nella misura in cui il mio livello di 
percezione e’ rimasto constante,  

non credo di aver visto un momento 
così incerto come l’attuale”

Riccardo Barbieri

from “Vite di fisici tra atomi e particelle”, vol. II
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Goals & Motivations



• Consistency conditions  
(soft-theorems/bootstrap/positivity/…)  
shape the space of EFT 

• even m=0 not finished yet!  
Goal: formulate effective theory for CSP 

• Pheno-opportunity?  
Motivation: missing something in the IR?
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<latexit sha1_base64="n9YMt8n2+kyIIhaaFyjUu3Xq2OE=">AAACGnicbVDLTgIxFL3jE/GFunTTSExcEJxBom5MiG5cYiKPCBPS6RSodDqTtmNCJvyFS/Vj3Bm3bvwWNxaYhYAnaXJy7r295x4v4kxp2/62lpZXVtfWMxvZza3tnd3c3n5dhbEktEZCHsqmhxXlTNCaZprTZiQpDjxOG97gZlxvPFGpWCju9TCiboB7gnUZwdpID49XpUK7gM5OS51c3i7aE6BF4qQkDymqndxP2w9JHFChCcdKtRw70m6CpWaE01G2HSsaYTLAPdoyVOCAKjeZOB6hY6P4qBtK84RGE/XvRIIDpYaBZzoDrPtqvjYW/6u1Yt29dBMmolhTQaaLujFHOkTj85HPJCWaDw3BRDLjFZE+lphoE9LMFmWO6lN/5pDEfKqM/6xJy5nPZpHUS0XnvFi+K+cr12luGTiEIzgBBy6gArdQhRoQEPAMr/BmvVjv1of1OW1dstKZA5iB9fUL5dKgiw==</latexit>

j = 2, 3/2
<latexit sha1_base64="1e1OJRSyXXNR/V0PjLf1rlEzvSQ=">AAACJnicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6kYounFZwT6gDWUyuW2HTh7MTJQY8i8u1Y9xJ+LO/3DjNM3Ctl64cDj3ce49bsSZVJb1ZSwtr6yurZc2yptb2zu75t5+S4axoNCkIQ9FxyUSOAugqZji0IkEEN/l0HbHN5N6+wGEZGFwr5IIHJ8MAzZglChN9c3DtJcvSRPgPHzMsH9lZX2zYlWtPPAisAtQQUU0+uZPzwtp7EOgKCdSdm0rUk5KhGKUQ1buxRIiQsdkCF0NA+KDdNJcOMMnmvHwIBQ6A4Vz9u9ESnwpE9/VnT5RIzlfm5D/1bqxGlw6KQuiWEFAp0KDmGMV4okV2GMCqOKJBoQKpm/FdEQEoUobNqMi9VMj8GYeSfVSqe8va7fseW8WQeusap9Xa3e1Sv268K2EjtAxOkU2ukB1dIsaqIkoekLP6BW9GS/Gu/FhfE5bl4xi5gDNhPH9C766puA=</latexit>

m = 0

<latexit sha1_base64="zxqBW1IISB6jk52hFnyiuOF+dsM=">AAACJnicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUVdSdOOygn1AG8pketOOnTyYmSg15F9cqh/jTsSd/+HGaZqFbb1w4XDu49x73IgzqSzryygsLa+srhXXSxubW9s75u5eU4axoNCgIQ9F2yUSOAugoZji0I4EEN/l0HJH15N66wGEZGFwp8YROD4ZBMxjlChN9cyDpJstScbAefiY4vvL07Rnlq2KlQVeBHYOyiiPes/86fZDGvsQKMqJlB3bipSTEKEY5ZCWurGEiNARGUBHw4D4IJ0kE07xsWb62AuFzkDhjP07kRBfyrHv6k6fqKGcr03I/2qdWHkXTsKCKFYQ0KmQF3OsQjyxAveZAKr4WANCBdO3YjokglClDZtRkfqpIfRnHkn0UqnvL2m37HlvFkHztGKfVaq31XLtKvetiA7RETpBNjpHNXSD6qiBKHpCz+gVvRkvxrvxYXxOWwtGPrOPZsL4/gW+tabg</latexit>

j > 2

<latexit sha1_base64="iqQmQ8wRQ30MWXY7rDnV5nhO3BQ=">AAACKnicbVDLTsJAFJ3iC/GFujFxM5GYuCKtIeqS6MYlJvJIKCHT4RZGpp06M9U0DX6NS/Vj3BG3/oUbB+hCwJvc5OTcx7n3eBFnStv22MqtrK6tb+Q3C1vbO7t7xf2DhhKxpFCnggvZ8ogCzkKoa6Y5tCIJJPA4NL3hzaTefAKpmAjvdRJBJyD9kPmMEm2obvEodadL0gQ4F88j/OD24RGfj7rFkl22p4GXgZOBEsqi1i3+uD1B4wBCTTlRqu3Yke6kRGpGOYwKbqwgInRI+tA2MCQBqE46FR/hU8P0sC+kyVDjKft3IiWBUkngmc6A6IFarE3I/2rtWPtXnZSFUawhpDMhP+ZYCzyxA/eYBKp5YgChkplbMR0QSag2ps2pKPPUAHpzj6RmqTL3F4xbzqI3y6BxXnYuypW7Sql6nfmWR8foBJ0hB12iKrpFNVRHFL2gV/SOPqw369MaW1+z1pyVzRyiubC+fwHye6iD</latexit>

j � 2
<latexit sha1_base64="H022nnggNb+JCcddTFbvW2VgDwE=">AAACL3icbVBNS8NAEN34WetX1aMIi0XwVBIp6rHoxYOHCvYDmlA2m0m7dLMJuxulhJ78NR7VHyNexKu/wYvbtAfbOjDweDPzZub5CWdK2/aHtbS8srq2Xtgobm5t7+yW9vabKk4lhQaNeSzbPlHAmYCGZppDO5FAIp9Dyx9cj+utB5CKxeJeDxPwItITLGSUaEN1S0eZm4tkQ+A8fhzhyOUcu7dGISCjbqlsV+w88CJwpqCMplHvln7cIKZpBEJTTpTqOHaivYxIzSiHUdFNFSSEDkgPOgYKEoHysvyCET4xTIDDWJoUGufs34mMREoNI990RkT31XxtTP5X66Q6vPQyJpJUg6CTRWHKsY7x2BMcMAlU86EBhEpmbsW0TySh2jg3s0WZp/oQzDySGVFl7i8at5x5bxZB86zinFeqd9Vy7WrqWwEdomN0ihx0gWroBtVRA1H0hJ7RK3qzXqx369P6mrQuWdOZAzQT1vcvSeGqvg==</latexit>

m ⌧ ⇤
<latexit sha1_base64="7dUp63ysOB7FeBJiYakSyfPRWY8=">AAACE3icbVDLSgMxFM3UV62vqks3wSK4KjMi6kYounFZ0T6gHUomc6cNTTJDkhHK0E9wqX6MO3HrB/gtbkzbWdjWA4HDuffmnnuChDNtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlNFoUFjHqt2QDRwJqFhmOHQThQQEXBoBcPbSb31BEqzWD6aUQK+IH3JIkaJsdKDuHZ75YpbdafAy8TLSQXlqPfKP90wpqkAaSgnWnc8NzF+RpRhlMO41E01JIQOSR86lkoiQPvZ1OoYn1glxFGs7JMGT9W/ExkRWo9EYDsFMQO9WJuI/9U6qYmu/IzJJDUg6WxRlHJsYjy5G4dMATV8ZAmhilmvmA6IItTYdOa2aHvUAMK5QzL7qbb+SzYtbzGbZdI8q3oX1fP780rtJs+tiI7QMTpFHrpENXSH6qiBKOqjZ/SK3pwX5935cD5nrQUnnzlEc3C+fgF+B57e</latexit>

m = 0

Landscape of Effective theories?

supersoft

Schuster, Toro, Zhou 
2303.04816, 2308.16218 
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• Consistency conditions  
(soft-theorems/bootstrap/positivity/…)  
shape the space of EFT 

• even m=0 not finished yet!  
Goal: formulate effective theory for CSP 

• Pheno-opportunity?  
Motivation: missing something in the IR?
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m = 0
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j � 2
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m ⌧ ⇤
<latexit sha1_base64="7dUp63ysOB7FeBJiYakSyfPRWY8=">AAACE3icbVDLSgMxFM3UV62vqks3wSK4KjMi6kYounFZ0T6gHUomc6cNTTJDkhHK0E9wqX6MO3HrB/gtbkzbWdjWA4HDuffmnnuChDNtXPfbKaysrq1vFDdLW9s7u3vl/YOmjlNFoUFjHqt2QDRwJqFhmOHQThQQEXBoBcPbSb31BEqzWD6aUQK+IH3JIkaJsdKDuHZ75YpbdafAy8TLSQXlqPfKP90wpqkAaSgnWnc8NzF+RpRhlMO41E01JIQOSR86lkoiQPvZ1OoYn1glxFGs7JMGT9W/ExkRWo9EYDsFMQO9WJuI/9U6qYmu/IzJJDUg6WxRlHJsYjy5G4dMATV8ZAmhilmvmA6IItTYdOa2aHvUAMK5QzL7qbb+SzYtbzGbZdI8q3oX1fP780rtJs+tiI7QMTpFHrpENXSH6qiBKOqjZ/SK3pwX5935cD5nrQUnnzlEc3C+fgF+B57e</latexit>

m = 0

Landscape of Effective theories?

supersoft

Schuster, Toro, Zhou 
2303.04816, 2308.16218 



What are  
Continuous-Spin Particles?



<latexit sha1_base64="9RzMcbTALjEGg5esEtGacAchCew=">AAACF3icbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXRjcsK9gHtWDKZTBuaZIYkI5ShH+FS/Rh34tal3+LGtJ2FbT0QOJx7b+65J0g408Z1v5219Y3Nre3CTnF3b//gsHR03NJxqghtkpjHqhNgTTmTtGmY4bSTKIpFwGk7GN1O6+0nqjSL5YMZJ9QXeCBZxAg2Vmo3+j2RPlb7pbJbcWdAq8TLSRlyNPqln14Yk1RQaQjHWnc9NzF+hpVhhNNJsZdqmmAywgPatVRiQbWfzexO0LlVQhTFyj5p0Ez9O5FhofVYBLZTYDPUy7Wp+F+tm5ro2s+YTFJDJZkvilKOTIymt6OQKUoMH1uCiWLWKyJDrDAxNqGFLdoeNaThwiGZ/VRb/0WblreczSppVSveZaV2XyvXb/LcCnAKZ3ABHlxBHe6gAU0gMIJneIU358V5dz6cz3nrmpPPnMACnK9f106gqQ==</latexit>

P 2
µ

<latexit sha1_base64="ZZC++jjQ+waAHw4J34isc8ZmoHI="></latexit>

Wµ =
1

2
✏µ⌫⇢�J

⌫⇢P�
<latexit sha1_base64="uRQaWc++UN4oQhjdQkuJbjpA4d0=">AAACF3icbVBNTwIxEJ31E/EL9eilkZh4IruEqEeiF4+YCEsCK+l2CzS03U3bNSEbfoRH9cd4M149+lu8WGAPAr6kycubmc6bFyacaeO6387a+sbm1nZhp7i7t39wWDo6buk4VYQ2Scxj1Q6xppxJ2jTMcNpOFMUi5NQPR7fTuv9ElWaxfDDjhAYCDyTrM4KNlXy/1xXpY7VXKrsVdwa0SryclCFHo1f66UYxSQWVhnCsdcdzExNkWBlGOJ0Uu6mmCSYjPKAdSyUWVAfZzO4EnVslQv1Y2ScNmql/JzIstB6L0HYKbIZ6uTYV/6t1UtO/DjImk9RQSeaL+ilHJkbT21HEFCWGjy3BRDHrFZEhVpgYm9DCFm2PGtJo4ZDMfqqt/6JNy1vOZpW0qhXvslK7r5XrN3luBTiFM7gAD66gDnfQgCYQGMEzvMKb8+K8Ox/O57x1zclnTmABztcv4zOgsA==</latexit>

W 2
µ

<latexit sha1_base64="v7inJKWQaHHdNqp7ZMhhuCJwk9U=">AAACLnicbVC7SgNBFJ31GeNr1VKLwSBYhV0JaiMEbSwjmAckcZmdvUmGzD6YhxCWbfwaS/VjBAux9R9snGxSmMQLMxzOfZ17/IQzqRznw1paXlldWy9sFDe3tnd27b39hoy1oFCnMY9FyycSOIugrpji0EoEkNDn0PSHN+N88xGEZHF0r0YJdEPSj1iPUaIM5dlHaScfkvpcQ4abXifUuPZg/isn8+ySU3bywIvAnYISmkbNs386QUx1CJGinEjZdp1EdVMiFKMcsmJHS0gIHZI+tA2MSAiym+YCMnximAD3YmFepHDO/u1ISSjlKPRNZUjUQM7nxuR/ubZWvctuyqJEK4joZFFPc6xiPLYEB0wAVXxkAKGCGa2YDoggVBnjZrZIc9QAgplDUjNUGv1F45Y7780iaJyV3fNy5a5Sql5PfSugQ3SMTpGLLlAV3aIaqiOKntAzekVv1ov1bn1aX5PSJWvac4Bmwvr+BZT2qc8=</latexit>

WµP
µ = 0

<latexit sha1_base64="JX0K+gkJ8mHtXcTYbvYWMotbxvw=">AAACL3icbVDLSsNAFJ34rPVVdSlCsAgupCRS1I1QdOOygn1AE8JketsOnUzCPIQSsvJrXKofI27Erd/gxmnahW29cOFwzn2eMGFUKsf5sJaWV1bX1gsbxc2t7Z3d0t5+U8ZaEGiQmMWiHWIJjHJoKKoYtBMBOAoZtMLh7VhvPYKQNOYPapSAH+E+pz1KsDJUUDpKvXxIGjINWacVeJE+qwce1/61kwWlslNx8rAXgTsFZTSNelD68box0RFwRRiWsuM6ifJTLBQlDLKipyUkmAxxHzoGchyB9NP8gsw+MUzX7sXCJFd2zv7tSHEk5SgKTWWE1UDOa2PyP62jVe/KTylPtAJOJot6mtkqtsee2F0qgCg2MgATQc2tNhlggYkyzs1skeapAXRnHknNUGnuLxq33HlvFkHzvOJeVKr31XLtZupbAR2iY3SKXHSJaugO1VEDEfSEntErerNerHfr0/qalC5Z054DNBPW9y/fT6p/</latexit>

[Wµ, P⌫ ] = 0
<latexit sha1_base64="Qy2NN2tk9/SjKftmbnHmi9TuVUY="></latexit>

[Wµ,W⌫ ] = �✏µ⌫⇢�W
⇢P�

<latexit sha1_base64="zaXO7IggVHhetzAm88hAN+BORXk=">AAACE3icbVDLTgIxFL2DL8QX6tJNIzFxRWYIUZdENy4xyiOBkXQ6BRrazqTtmJAJn+BS/Rh3xq0f4Le4scAsBDxJk5Nz7+099wQxZ9q47reTW1vf2NzKbxd2dvf2D4qHR00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtHNtN56okqzSD6YcUx9gQeS9RnBxkr34rHSK5bcsjsDWiVeRkqQod4r/nTDiCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dGZ1gs6sEqJ+pOyTBs3UvxMpFlqPRWA7BTZDvVybiv/VOonpX/kpk3FiqCTzRf2EIxOh6d0oZIoSw8eWYKKY9YrIECtMjE1nYYu2Rw1puHBIaj/V1n/BpuUtZ7NKmpWyd1Gu3lVLtesstzycwCmcgweXUINbqEMDCAzgGV7hzXlx3p0P53PemnOymWNYgPP1C7jPnwE=</latexit>

m2
<latexit sha1_base64="yD3MXIrjlfry40u0N610ol0Fqtg=">AAACG3icbVDLSgMxFM3UV62vqks3wSJUxDJTirosunFZwT5gOpZMJtOmTTJDkhHK0M9wqX6MO3Hrwm9xY9rOwlYPBA7n3pt77vFjRpW27S8rt7K6tr6R3yxsbe/s7hX3D1oqSiQmTRyxSHZ8pAijgjQ11Yx0YkkQ9xlp+6Obab39SKSikbjX45h4HPUFDSlG2kjuOX+owmF5eOac9oolu2LPAP8SJyMlkKHRK353gwgnnAiNGVLKdexYeymSmmJGJoVuokiM8Aj1iWuoQJwoL51ZnsATowQwjKR5QsOZ+nsiRVypMfdNJ0d6oJZrU/G/mpvo8MpLqYgTTQSeLwoTBnUEp/fDgEqCNRsbgrCkxivEAyQR1ialhS3KHDUgwcIhqflUGf8Fk5aznM1f0qpWnItK7a5Wql9nueXBETgGZeCAS1AHt6ABmgCDCDyBF/BqPVtv1rv1MW/NWdnMIViA9fkD9eWhHw==</latexit>

�m2j(j + 1)
<latexit sha1_base64="8pvWyCozUC9FtloRq1HHhCILxlY=">AAACFXicbVBNT8JAEJ36ifiFevSykZjghbSEqEeiF48YLZBAQ7bbLWzYbpvdrQlp+A0e1R/jzXj17G/x4gI9CPiSTV7ezOy8eX7CmdK2/W2trW9sbm0Xdoq7e/sHh6Wj45aKU0moS2Iey46PFeVMUFczzWknkRRHPqdtf3Q7rbefqFQsFo96nFAvwgPBQkawNpL74FZqF/1S2a7aM6BV4uSkDDma/dJPL4hJGlGhCcdKdR070V6GpWaE00mxlyqaYDLCA9o1VOCIKi+bmZ2gc6MEKIyleUKjmfp3IsORUuPIN50R1kO1XJuK/9W6qQ6vvYyJJNVUkPmiMOVIx2h6OQqYpETzsSGYSGa8IjLEEhNt8lnYosxRQxosHJKZT5XxXzRpOcvZrJJWrepcVuv39XLjJs+tAKdwBhVw4AoacAdNcIEAg2d4hTfrxXq3PqzPeeualc+cwAKsr19RrZ9D</latexit>

SU(2)
<latexit sha1_base64="mqPnuGjlF/o6KL7y1K680nzQTiw=">AAACFXicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqI0QtLGM4CWB5Ah7e5Nkyd4Hu3tCOPIbLNUfYye21v4WGzfJFSbxwcLjzczOm+cngitt299WYW19Y3OruF3a2d3bPygfHjVVnEqGLotFLNs+VSh4hK7mWmA7kUhDX2DLH91N660nlIrH0aMeJ+iFdBDxPmdUG8lt9ewbu1eu2FV7BrJKnJxUIEejV/7pBjFLQ4w0E1SpjmMn2suo1JwJnJS6qcKEshEdYMfQiIaovGxmdkLOjBKQfizNizSZqX8nMhoqNQ590xlSPVTLtan4X62T6v61l/EoSTVGbL6onwqiYzK9nARcItNibAhlkhuvhA2ppEybfBa2KHPUEIOFQzLzqTL+SyYtZzmbVdK8qDqX1dpDrVK/zXMrwgmcwjk4cAV1uIcGuMCAwzO8wpv1Yr1bH9bnvLVg5TPHsADr6xeU/p9r</latexit>

W0 = 0
<latexit sha1_base64="R04rAAOVJlteEzw8URlKkbSzMm8=">AAACGXicbVDLSsNAFL2pr1pfVZduBovgqiRS1I1QdCOuKtiHtCFMJpN26EwSZiZCCf0Kl+rHuBO3rvwWN07bLGzrgYHDuffOPff4CWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFaeS0CaJeSw7PlaUs4g2NdOcdhJJsfA5bfvDm0m9/USlYnH0oEcJdQXuRyxkBGsjPbY9diXQnce8csWu2lOgZeLkpAI5Gl75pxfEJBU00oRjpbqOnWg3w1Izwum41EsVTTAZ4j7tGhphQZWbTQ2P0YlRAhTG0rxIo6n6dyLDQqmR8E2nwHqgFmsT8b9aN9XhpZuxKEk1jchsUZhypGM0uR4FTFKi+cgQTCQzXhEZYImJNhnNbVHmqAEN5g7JzKfK+C+ZtJzFbJZJ66zqnFdr97VK/TrPrQhHcAyn4MAF1OEWGtAEAgKe4RXerBfr3fqwPmetBSufOYQ5WF+/+PyhOw==</latexit>

Wi = mJimassive
<latexit sha1_base64="3Yt1f25O0vWRM/9lAGLKsjO/GO4=">AAACGnicbVDLTgIxFO3gC/GFunQzkZhgjGSGEHVJdOMSE3lEmJBO5wKVtjNpOyZkwl+4VD/GnXHrxm9xY4FZCHiSJifn3tt77vEjRpV2nG8rs7K6tr6R3cxtbe/s7uX3DxoqjCWBOglZKFs+VsCogLqmmkErkoC5z6DpD28m9eYTSEVDca9HEXgc9wXtUYK1kR6K5ccz9/Q8oLybLzglZwp7mbgpKaAUtW7+pxOEJOYgNGFYqbbrRNpLsNSUMBjnOrGCCJMh7kPbUIE5KC+ZOh7bJ0YJ7F4ozRPanqp/JxLMlRpx33RyrAdqsTYR/6u1Y9278hIqoliDILNFvZjZOrQn59sBlUA0GxmCiaTGq00GWGKiTUhzW5Q5agDB3CGJ+VQZ/zmTlruYzTJplEvuRalyVylUr9PcsugIHaMictElqqJbVEN1RJBAz+gVvVkv1rv1YX3OWjNWOnOI5mB9/QKenKD6</latexit>

(2j + 1)� dim

Little group Generators

<latexit sha1_base64="H+2Uy+EXK7q4TnvWURrovRK8DcQ=">AAACG3icbVDLSgMxFM3UV62vqks3wSK4KjO2qJtC0Y24qmA7hekwZNJMG5pJhiQjlKGf4VL9GHfi1oXf4sa0nYVtPRA4nHtv7rknTBhV2ra/rcLa+sbmVnG7tLO7t39QPjzqKJFKTNpYMCG7IVKEUU7ammpGuokkKA4ZccPR7bTuPhGpqOCPepwQP0YDTiOKkTaS5wZ2ww1qjfugFpQrdtWeAa4SJycVkKMVlH96fYHTmHCNGVLKc+xE+xmSmmJGJqVeqkiC8AgNiGcoRzFRfjazPIFnRunDSEjzuIYz9e9EhmKlxnFoOmOkh2q5NhX/q3mpjq79jPIk1YTj+aIoZVALOL0f9qkkWLOxIQhLarxCPEQSYW1SWtiizFFD0l84JDOfKuO/ZNJylrNZJZ2LqnNZrT/UK82bPLciOAGn4Bw44Ao0wR1ogTbAQIBn8ArerBfr3fqwPuetBSufOQYLsL5+AY3toXk=</latexit>

W0 = W3 = J3
<latexit sha1_base64="fE71yskkD9VGgOgYRfui4OxuWsI=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TMA9IljA725sMmX0wMyuEJV/gUf0Yb+LVL/BbvDhJ9mASCwaK6u7p6vISwZW27W+rsLG5tb1T3C3t7R8cHpWPT9oqTiXDFotFLLseVSh4hC3NtcBuIpGGnsCON76f1TtPKBWPo0c9SdAN6TDiAWdUG6lpD8oVu2rPQdaJk5MK5GgMyj99P2ZpiJFmgirVc+xEuxmVmjOB01I/VZhQNqZD7Bka0RCVm82NTsmFUXwSxNK8SJO5+ncio6FSk9AznSHVI7Vam4n/1XqpDm7djEdJqjFii0VBKoiOyexq4nOJTIuJIZRJbrwSNqKSMm2yWdqizFEj9JcOycynyvgvmbSc1WzWSfuq6lxXa81apX6X51aEMziHS3DgBurwAA1oAQOEZ3iFN+vFerc+rM9Fa8HKZ05hCdbXLxXjniA=</latexit>

0 <latexit sha1_base64="dYdk4kEPxoOAdPSuk4ZqSx2Y1oY=">AAACLHicbVDLSsNAFJ3UV62vqDvdDBbBVUmkqBuh6MZlBfuAJoTJZNIMnTyYmQglBPwal+rHuBFx60+4cZJmYVsvDBzOufeeO8dNGBXSMD602srq2vpGfbOxtb2zu6fvH/RFnHJMejhmMR+6SBBGI9KTVDIyTDhBocvIwJ3cFvrgkXBB4+hBThNih2gcUZ9iJBXl6EcDxwrT68wqV2WceHmQw25BOnrTaBllwWVgVqAJquo6+o/lxTgNSSQxQ0KMTCORdoa4pJiRvGGlgiQIT9CYjBSMUEiEnZXGOTxVjAf9mKsXSViyfycyFAoxDV3VGSIZiEWtIP/TRqn0r+yMRkkqSYRnRn7KoIxhEQj0KCdYsqkCCHOqboU4QBxhqWKbcxHqU4EKaI5US4W6v6HSMhezWQb985Z50Wrft5udmyq3OjgGJ+AMmOASdMAd6IIewOAJPINX8Ka9aO/ap/Y1a61p1cwhmCvt+xenSqln</latexit>

Wµ = hPµ

<latexit sha1_base64="LpBtBRjh8400r3lbOtJJ3nfEE+M=">AAACFHicbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48VTFtoQ9lsNu3SzSbsboQS+hc8qj/Gm3j17m/x4qbNwbY+WHi8mdl58/yEM6Vt+9taW9/Y3Nou7ZR39/YPDitHx20Vp5JQl8Q8ll0fK8qZoK5mmtNuIimOfE47/vgur3eeqFQsFo96klAvwkPBQkawziW35lwMKlW7bs+AVolTkCoUaA0qP/0gJmlEhSYcK9Vz7ER7GZaaEU6n5X6qaILJGA9pz1CBI6q8bOZ1is6NEqAwluYJjWbq34kMR0pNIt90RliP1HItF/+r9VId3ngZE0mqqSDzRWHKkY5RfjgKmKRE84khmEhmvCIywhITbeJZ2KLMUSMaLBySmU+V8V82aTnL2ayS9mXduao3HhrV5m2RWwlO4Qxq4MA1NOEeWuACgRE8wyu8WS/Wu/Vhfc5b16xi5gQWYH39Ap56nuU=</latexit>

U(1)massless <latexit sha1_base64="WGlDtOK+5pFufyRyeLmSqnHu9bk=">AAACFXicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiQskQEi324WGtrtpuyZkw2/wqP4Yb8arZ3+LFwvsQcCXNHl5M9N584KEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0WoT2Ieq3aANeVMUt8ww2k7URSLgNNWMLqb1ltPVGkWy0czTmhP4IFkESPYWMn3LkIm+uWKW3VnQKvEy0kFcjT65Z9uGJNUUGkIx1p3PDcxvQwrwwink1I31TTBZIQHtGOpxILqXjYzO0FnVglRFCv7pEEz9e9EhoXWYxHYToHNUC/XpuJ/tU5qoptexmSSGirJfFGUcmRiNL0chUxRYvjYEkwUs14RGWKFibH5LGzR9qghDRcOyeyn2vov2bS85WxWSfOy6l1Vaw+1Sv02z60IJ3AK5+DBNdThHhrgAwEGz/AKb86L8+58OJ/z1oKTzxzDApyvXwgUn7A=</latexit>

1� dim
<latexit sha1_base64="fE71yskkD9VGgOgYRfui4OxuWsI=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TMA9IljA725sMmX0wMyuEJV/gUf0Yb+LVL/BbvDhJ9mASCwaK6u7p6vISwZW27W+rsLG5tb1T3C3t7R8cHpWPT9oqTiXDFotFLLseVSh4hC3NtcBuIpGGnsCON76f1TtPKBWPo0c9SdAN6TDiAWdUG6lpD8oVu2rPQdaJk5MK5GgMyj99P2ZpiJFmgirVc+xEuxmVmjOB01I/VZhQNqZD7Bka0RCVm82NTsmFUXwSxNK8SJO5+ncio6FSk9AznSHVI7Vam4n/1XqpDm7djEdJqjFii0VBKoiOyexq4nOJTIuJIZRJbrwSNqKSMm2yWdqizFEj9JcOycynyvgvmbSc1WzWSfuq6lxXa81apX6X51aEMziHS3DgBurwAA1oAQOEZ3iFN+vFerc+rM9Fa8HKZ05hCdbXLxXjniA=</latexit>

0

They are Infinite-dim Poincare’ irreps



<latexit sha1_base64="9RzMcbTALjEGg5esEtGacAchCew=">AAACF3icbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXRjcsK9gHtWDKZTBuaZIYkI5ShH+FS/Rh34tal3+LGtJ2FbT0QOJx7b+65J0g408Z1v5219Y3Nre3CTnF3b//gsHR03NJxqghtkpjHqhNgTTmTtGmY4bSTKIpFwGk7GN1O6+0nqjSL5YMZJ9QXeCBZxAg2Vmo3+j2RPlb7pbJbcWdAq8TLSRlyNPqln14Yk1RQaQjHWnc9NzF+hpVhhNNJsZdqmmAywgPatVRiQbWfzexO0LlVQhTFyj5p0Ez9O5FhofVYBLZTYDPUy7Wp+F+tm5ro2s+YTFJDJZkvilKOTIymt6OQKUoMH1uCiWLWKyJDrDAxNqGFLdoeNaThwiGZ/VRb/0WblreczSppVSveZaV2XyvXb/LcCnAKZ3ABHlxBHe6gAU0gMIJneIU358V5dz6cz3nrmpPPnMACnK9f106gqQ==</latexit>

P 2
µ

<latexit sha1_base64="ZZC++jjQ+waAHw4J34isc8ZmoHI="></latexit>

Wµ =
1

2
✏µ⌫⇢�J

⌫⇢P�
<latexit sha1_base64="uRQaWc++UN4oQhjdQkuJbjpA4d0=">AAACF3icbVBNTwIxEJ31E/EL9eilkZh4IruEqEeiF4+YCEsCK+l2CzS03U3bNSEbfoRH9cd4M149+lu8WGAPAr6kycubmc6bFyacaeO6387a+sbm1nZhp7i7t39wWDo6buk4VYQ2Scxj1Q6xppxJ2jTMcNpOFMUi5NQPR7fTuv9ElWaxfDDjhAYCDyTrM4KNlXy/1xXpY7VXKrsVdwa0SryclCFHo1f66UYxSQWVhnCsdcdzExNkWBlGOJ0Uu6mmCSYjPKAdSyUWVAfZzO4EnVslQv1Y2ScNmql/JzIstB6L0HYKbIZ6uTYV/6t1UtO/DjImk9RQSeaL+ilHJkbT21HEFCWGjy3BRDHrFZEhVpgYm9DCFm2PGtJo4ZDMfqqt/6JNy1vOZpW0qhXvslK7r5XrN3luBTiFM7gAD66gDnfQgCYQGMEzvMKb8+K8Ox/O57x1zclnTmABztcv4zOgsA==</latexit>

W 2
µ

<latexit sha1_base64="v7inJKWQaHHdNqp7ZMhhuCJwk9U=">AAACLnicbVC7SgNBFJ31GeNr1VKLwSBYhV0JaiMEbSwjmAckcZmdvUmGzD6YhxCWbfwaS/VjBAux9R9snGxSmMQLMxzOfZ17/IQzqRznw1paXlldWy9sFDe3tnd27b39hoy1oFCnMY9FyycSOIugrpji0EoEkNDn0PSHN+N88xGEZHF0r0YJdEPSj1iPUaIM5dlHaScfkvpcQ4abXifUuPZg/isn8+ySU3bywIvAnYISmkbNs386QUx1CJGinEjZdp1EdVMiFKMcsmJHS0gIHZI+tA2MSAiym+YCMnximAD3YmFepHDO/u1ISSjlKPRNZUjUQM7nxuR/ubZWvctuyqJEK4joZFFPc6xiPLYEB0wAVXxkAKGCGa2YDoggVBnjZrZIc9QAgplDUjNUGv1F45Y7780iaJyV3fNy5a5Sql5PfSugQ3SMTpGLLlAV3aIaqiOKntAzekVv1ov1bn1aX5PSJWvac4Bmwvr+BZT2qc8=</latexit>

WµP
µ = 0

<latexit sha1_base64="JX0K+gkJ8mHtXcTYbvYWMotbxvw=">AAACL3icbVDLSsNAFJ34rPVVdSlCsAgupCRS1I1QdOOygn1AE8JketsOnUzCPIQSsvJrXKofI27Erd/gxmnahW29cOFwzn2eMGFUKsf5sJaWV1bX1gsbxc2t7Z3d0t5+U8ZaEGiQmMWiHWIJjHJoKKoYtBMBOAoZtMLh7VhvPYKQNOYPapSAH+E+pz1KsDJUUDpKvXxIGjINWacVeJE+qwce1/61kwWlslNx8rAXgTsFZTSNelD68box0RFwRRiWsuM6ifJTLBQlDLKipyUkmAxxHzoGchyB9NP8gsw+MUzX7sXCJFd2zv7tSHEk5SgKTWWE1UDOa2PyP62jVe/KTylPtAJOJot6mtkqtsee2F0qgCg2MgATQc2tNhlggYkyzs1skeapAXRnHknNUGnuLxq33HlvFkHzvOJeVKr31XLtZupbAR2iY3SKXHSJaugO1VEDEfSEntErerNerHfr0/qalC5Z054DNBPW9y/fT6p/</latexit>

[Wµ, P⌫ ] = 0
<latexit sha1_base64="Qy2NN2tk9/SjKftmbnHmi9TuVUY="></latexit>

[Wµ,W⌫ ] = �✏µ⌫⇢�W
⇢P�

<latexit sha1_base64="zaXO7IggVHhetzAm88hAN+BORXk=">AAACE3icbVDLTgIxFL2DL8QX6tJNIzFxRWYIUZdENy4xyiOBkXQ6BRrazqTtmJAJn+BS/Rh3xq0f4Le4scAsBDxJk5Nz7+099wQxZ9q47reTW1vf2NzKbxd2dvf2D4qHR00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtHNtN56okqzSD6YcUx9gQeS9RnBxkr34rHSK5bcsjsDWiVeRkqQod4r/nTDiCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dGZ1gs6sEqJ+pOyTBs3UvxMpFlqPRWA7BTZDvVybiv/VOonpX/kpk3FiqCTzRf2EIxOh6d0oZIoSw8eWYKKY9YrIECtMjE1nYYu2Rw1puHBIaj/V1n/BpuUtZ7NKmpWyd1Gu3lVLtesstzycwCmcgweXUINbqEMDCAzgGV7hzXlx3p0P53PemnOymWNYgPP1C7jPnwE=</latexit>

m2
<latexit sha1_base64="yD3MXIrjlfry40u0N610ol0Fqtg=">AAACG3icbVDLSgMxFM3UV62vqks3wSJUxDJTirosunFZwT5gOpZMJtOmTTJDkhHK0M9wqX6MO3Hrwm9xY9rOwlYPBA7n3pt77vFjRpW27S8rt7K6tr6R3yxsbe/s7hX3D1oqSiQmTRyxSHZ8pAijgjQ11Yx0YkkQ9xlp+6Obab39SKSikbjX45h4HPUFDSlG2kjuOX+owmF5eOac9oolu2LPAP8SJyMlkKHRK353gwgnnAiNGVLKdexYeymSmmJGJoVuokiM8Aj1iWuoQJwoL51ZnsATowQwjKR5QsOZ+nsiRVypMfdNJ0d6oJZrU/G/mpvo8MpLqYgTTQSeLwoTBnUEp/fDgEqCNRsbgrCkxivEAyQR1ialhS3KHDUgwcIhqflUGf8Fk5aznM1f0qpWnItK7a5Wql9nueXBETgGZeCAS1AHt6ABmgCDCDyBF/BqPVtv1rv1MW/NWdnMIViA9fkD9eWhHw==</latexit>

�m2j(j + 1)
<latexit sha1_base64="8pvWyCozUC9FtloRq1HHhCILxlY=">AAACFXicbVBNT8JAEJ36ifiFevSykZjghbSEqEeiF48YLZBAQ7bbLWzYbpvdrQlp+A0e1R/jzXj17G/x4gI9CPiSTV7ezOy8eX7CmdK2/W2trW9sbm0Xdoq7e/sHh6Wj45aKU0moS2Iey46PFeVMUFczzWknkRRHPqdtf3Q7rbefqFQsFo96nFAvwgPBQkawNpL74FZqF/1S2a7aM6BV4uSkDDma/dJPL4hJGlGhCcdKdR070V6GpWaE00mxlyqaYDLCA9o1VOCIKi+bmZ2gc6MEKIyleUKjmfp3IsORUuPIN50R1kO1XJuK/9W6qQ6vvYyJJNVUkPmiMOVIx2h6OQqYpETzsSGYSGa8IjLEEhNt8lnYosxRQxosHJKZT5XxXzRpOcvZrJJWrepcVuv39XLjJs+tAKdwBhVw4AoacAdNcIEAg2d4hTfrxXq3PqzPeeualc+cwAKsr19RrZ9D</latexit>

SU(2)
<latexit sha1_base64="mqPnuGjlF/o6KL7y1K680nzQTiw=">AAACFXicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqI0QtLGM4CWB5Ah7e5Nkyd4Hu3tCOPIbLNUfYye21v4WGzfJFSbxwcLjzczOm+cngitt299WYW19Y3OruF3a2d3bPygfHjVVnEqGLotFLNs+VSh4hK7mWmA7kUhDX2DLH91N660nlIrH0aMeJ+iFdBDxPmdUG8lt9ewbu1eu2FV7BrJKnJxUIEejV/7pBjFLQ4w0E1SpjmMn2suo1JwJnJS6qcKEshEdYMfQiIaovGxmdkLOjBKQfizNizSZqX8nMhoqNQ590xlSPVTLtan4X62T6v61l/EoSTVGbL6onwqiYzK9nARcItNibAhlkhuvhA2ppEybfBa2KHPUEIOFQzLzqTL+SyYtZzmbVdK8qDqX1dpDrVK/zXMrwgmcwjk4cAV1uIcGuMCAwzO8wpv1Yr1bH9bnvLVg5TPHsADr6xeU/p9r</latexit>

W0 = 0
<latexit sha1_base64="R04rAAOVJlteEzw8URlKkbSzMm8=">AAACGXicbVDLSsNAFL2pr1pfVZduBovgqiRS1I1QdCOuKtiHtCFMJpN26EwSZiZCCf0Kl+rHuBO3rvwWN07bLGzrgYHDuffOPff4CWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFaeS0CaJeSw7PlaUs4g2NdOcdhJJsfA5bfvDm0m9/USlYnH0oEcJdQXuRyxkBGsjPbY9diXQnce8csWu2lOgZeLkpAI5Gl75pxfEJBU00oRjpbqOnWg3w1Izwum41EsVTTAZ4j7tGhphQZWbTQ2P0YlRAhTG0rxIo6n6dyLDQqmR8E2nwHqgFmsT8b9aN9XhpZuxKEk1jchsUZhypGM0uR4FTFKi+cgQTCQzXhEZYImJNhnNbVHmqAEN5g7JzKfK+C+ZtJzFbJZJ66zqnFdr97VK/TrPrQhHcAyn4MAF1OEWGtAEAgKe4RXerBfr3fqwPmetBSufOYQ5WF+/+PyhOw==</latexit>

Wi = mJimassive
<latexit sha1_base64="3Yt1f25O0vWRM/9lAGLKsjO/GO4=">AAACGnicbVDLTgIxFO3gC/GFunQzkZhgjGSGEHVJdOMSE3lEmJBO5wKVtjNpOyZkwl+4VD/GnXHrxm9xY4FZCHiSJifn3tt77vEjRpV2nG8rs7K6tr6R3cxtbe/s7uX3DxoqjCWBOglZKFs+VsCogLqmmkErkoC5z6DpD28m9eYTSEVDca9HEXgc9wXtUYK1kR6K5ccz9/Q8oLybLzglZwp7mbgpKaAUtW7+pxOEJOYgNGFYqbbrRNpLsNSUMBjnOrGCCJMh7kPbUIE5KC+ZOh7bJ0YJ7F4ozRPanqp/JxLMlRpx33RyrAdqsTYR/6u1Y9278hIqoliDILNFvZjZOrQn59sBlUA0GxmCiaTGq00GWGKiTUhzW5Q5agDB3CGJ+VQZ/zmTlruYzTJplEvuRalyVylUr9PcsugIHaMictElqqJbVEN1RJBAz+gVvVkv1rv1YX3OWjNWOnOI5mB9/QKenKD6</latexit>

(2j + 1)� dim

Little group Generators

<latexit sha1_base64="tsYLL1Od8njYYNe+OUPVvXD7kW4=">AAACJXicbVDLSsNAFJ3UV62vaJduBotQNyUpRV0W3ejKivYBbSiTyaQdOpmEmYkQQr/Fpfox7kRw5Ye4cZpmYVsvDBzOufeeO8eNGJXKsr6Mwtr6xuZWcbu0s7u3f2AeHnVkGAtM2jhkoei5SBJGOWkrqhjpRYKgwGWk606uZ3r3iQhJQ/6okog4ARpx6lOMlKaGZjkdZEtSQbzp7cNdtX42HZoVq2ZlBVeBnYMKyKs1NH8GXojjgHCFGZKyb1uRclIkFMWMTEuDWJII4Qkakb6GHAVEOmnmO4WnmvGgHwr9uIIZ+3ciRYGUSeDqzgCpsVzWZuR/Wj9W/qWTUh7FinA8N/JjBlUIZ0lAjwqCFUs0QFhQfSvEYyQQVjqvBRepPzXW+SyQeqnU95d0WvZyNqugU6/Z57XGfaPSvMpzK4JjcAKqwAYXoAluQAu0AQYJeAav4M14Md6ND+Nz3low8pkyWCjj+xcB3aXp</latexit>

ISO(2)
<latexit sha1_base64="H+2Uy+EXK7q4TnvWURrovRK8DcQ=">AAACG3icbVDLSgMxFM3UV62vqks3wSK4KjO2qJtC0Y24qmA7hekwZNJMG5pJhiQjlKGf4VL9GHfi1oXf4sa0nYVtPRA4nHtv7rknTBhV2ra/rcLa+sbmVnG7tLO7t39QPjzqKJFKTNpYMCG7IVKEUU7ammpGuokkKA4ZccPR7bTuPhGpqOCPepwQP0YDTiOKkTaS5wZ2ww1qjfugFpQrdtWeAa4SJycVkKMVlH96fYHTmHCNGVLKc+xE+xmSmmJGJqVeqkiC8AgNiGcoRzFRfjazPIFnRunDSEjzuIYz9e9EhmKlxnFoOmOkh2q5NhX/q3mpjq79jPIk1YTj+aIoZVALOL0f9qkkWLOxIQhLarxCPEQSYW1SWtiizFFD0l84JDOfKuO/ZNJylrNZJZ2LqnNZrT/UK82bPLciOAGn4Bw44Ao0wR1ogTbAQIBn8ArerBfr3fqwPuetBSufOQYLsL5+AY3toXk=</latexit>

W0 = W3 = J3
<latexit sha1_base64="fE71yskkD9VGgOgYRfui4OxuWsI=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TMA9IljA725sMmX0wMyuEJV/gUf0Yb+LVL/BbvDhJ9mASCwaK6u7p6vISwZW27W+rsLG5tb1T3C3t7R8cHpWPT9oqTiXDFotFLLseVSh4hC3NtcBuIpGGnsCON76f1TtPKBWPo0c9SdAN6TDiAWdUG6lpD8oVu2rPQdaJk5MK5GgMyj99P2ZpiJFmgirVc+xEuxmVmjOB01I/VZhQNqZD7Bka0RCVm82NTsmFUXwSxNK8SJO5+ncio6FSk9AznSHVI7Vam4n/1XqpDm7djEdJqjFii0VBKoiOyexq4nOJTIuJIZRJbrwSNqKSMm2yWdqizFEj9JcOycynyvgvmbSc1WzWSfuq6lxXa81apX6X51aEMziHS3DgBurwAA1oAQOEZ3iFN+vFerc+rM9Fa8HKZ05hCdbXLxXjniA=</latexit>

0CSP
<latexit sha1_base64="9IpVW93cdEZnB8r7tb/pT03xKQE="></latexit>

W± / (J1 ± iK1))± i (J2 ± iK2) / J±
L/R

<latexit sha1_base64="MBE1BiGD3+/q0OHna80EprMAusc=">AAACJXicbVDLSsNAFJ34rPUV7dJNsAhuLEkp6rLoxmUF+4Amlslk0g6dmYSZiRBCvsWl+jHuRHDlh7hxmmZhWy8MHM659547x48pkcq2v4y19Y3Nre3KTnV3b//g0Dw67skoEQh3UUQjMfChxJRw3FVEUTyIBYbMp7jvT29nev8JC0ki/qDSGHsMjjkJCYJKUyOzlrnFkkzgIL9wWfLYzEdm3W7YRVmrwClBHZTVGZk/bhChhGGuEIVSDh07Vl4GhSKI4rzqJhLHEE3hGA815JBh6WWFb26daSawwkjox5VVsH8nMsikTJmvOxlUE7mszcj/tGGiwmsvIzxOFOZobhQm1FKRNUvCCojASNFUA4gE0bdaaAIFRErnteAi9acmOp8FUi+V+v6qTstZzmYV9JoN57LRum/V2zdlbhVwAk7BOXDAFWiDO9ABXYBACp7BK3gzXox348P4nLeuGeVMDSyU8f0L72umdg==</latexit>

�µ2

<latexit sha1_base64="H+2Uy+EXK7q4TnvWURrovRK8DcQ=">AAACG3icbVDLSgMxFM3UV62vqks3wSK4KjO2qJtC0Y24qmA7hekwZNJMG5pJhiQjlKGf4VL9GHfi1oXf4sa0nYVtPRA4nHtv7rknTBhV2ra/rcLa+sbmVnG7tLO7t39QPjzqKJFKTNpYMCG7IVKEUU7ammpGuokkKA4ZccPR7bTuPhGpqOCPepwQP0YDTiOKkTaS5wZ2ww1qjfugFpQrdtWeAa4SJycVkKMVlH96fYHTmHCNGVLKc+xE+xmSmmJGJqVeqkiC8AgNiGcoRzFRfjazPIFnRunDSEjzuIYz9e9EhmKlxnFoOmOkh2q5NhX/q3mpjq79jPIk1YTj+aIoZVALOL0f9qkkWLOxIQhLarxCPEQSYW1SWtiizFFD0l84JDOfKuO/ZNJylrNZJZ2LqnNZrT/UK82bPLciOAGn4Bw44Ao0wR1ogTbAQIBn8ArerBfr3fqwPuetBSufOQYLsL5+AY3toXk=</latexit>

W0 = W3 = J3
<latexit sha1_base64="fE71yskkD9VGgOgYRfui4OxuWsI=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TMA9IljA725sMmX0wMyuEJV/gUf0Yb+LVL/BbvDhJ9mASCwaK6u7p6vISwZW27W+rsLG5tb1T3C3t7R8cHpWPT9oqTiXDFotFLLseVSh4hC3NtcBuIpGGnsCON76f1TtPKBWPo0c9SdAN6TDiAWdUG6lpD8oVu2rPQdaJk5MK5GgMyj99P2ZpiJFmgirVc+xEuxmVmjOB01I/VZhQNqZD7Bka0RCVm82NTsmFUXwSxNK8SJO5+ncio6FSk9AznSHVI7Vam4n/1XqpDm7djEdJqjFii0VBKoiOyexq4nOJTIuJIZRJbrwSNqKSMm2yWdqizFEj9JcOycynyvgvmbSc1WzWSfuq6lxXa81apX6X51aEMziHS3DgBurwAA1oAQOEZ3iFN+vFerc+rM9Fa8HKZ05hCdbXLxXjniA=</latexit>

0 <latexit sha1_base64="dYdk4kEPxoOAdPSuk4ZqSx2Y1oY=">AAACLHicbVDLSsNAFJ3UV62vqDvdDBbBVUmkqBuh6MZlBfuAJoTJZNIMnTyYmQglBPwal+rHuBFx60+4cZJmYVsvDBzOufeeO8dNGBXSMD602srq2vpGfbOxtb2zu6fvH/RFnHJMejhmMR+6SBBGI9KTVDIyTDhBocvIwJ3cFvrgkXBB4+hBThNih2gcUZ9iJBXl6EcDxwrT68wqV2WceHmQw25BOnrTaBllwWVgVqAJquo6+o/lxTgNSSQxQ0KMTCORdoa4pJiRvGGlgiQIT9CYjBSMUEiEnZXGOTxVjAf9mKsXSViyfycyFAoxDV3VGSIZiEWtIP/TRqn0r+yMRkkqSYRnRn7KoIxhEQj0KCdYsqkCCHOqboU4QBxhqWKbcxHqU4EKaI5US4W6v6HSMhezWQb985Z50Wrft5udmyq3OjgGJ+AMmOASdMAd6IIewOAJPINX8Ka9aO/ap/Y1a61p1cwhmCvt+xenSqln</latexit>

Wµ = hPµ

<latexit sha1_base64="LpBtBRjh8400r3lbOtJJ3nfEE+M=">AAACFHicbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48VTFtoQ9lsNu3SzSbsboQS+hc8qj/Gm3j17m/x4qbNwbY+WHi8mdl58/yEM6Vt+9taW9/Y3Nou7ZR39/YPDitHx20Vp5JQl8Q8ll0fK8qZoK5mmtNuIimOfE47/vgur3eeqFQsFo96klAvwkPBQkawziW35lwMKlW7bs+AVolTkCoUaA0qP/0gJmlEhSYcK9Vz7ER7GZaaEU6n5X6qaILJGA9pz1CBI6q8bOZ1is6NEqAwluYJjWbq34kMR0pNIt90RliP1HItF/+r9VId3ngZE0mqqSDzRWHKkY5RfjgKmKRE84khmEhmvCIywhITbeJZ2KLMUSMaLBySmU+V8V82aTnL2ayS9mXduao3HhrV5m2RWwlO4Qxq4MA1NOEeWuACgRE8wyu8WS/Wu/Vhfc5b16xi5gQWYH39Ap56nuU=</latexit>

U(1)massless <latexit sha1_base64="WGlDtOK+5pFufyRyeLmSqnHu9bk=">AAACFXicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiQskQEi324WGtrtpuyZkw2/wqP4Yb8arZ3+LFwvsQcCXNHl5M9N584KEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0WoT2Ieq3aANeVMUt8ww2k7URSLgNNWMLqb1ltPVGkWy0czTmhP4IFkESPYWMn3LkIm+uWKW3VnQKvEy0kFcjT65Z9uGJNUUGkIx1p3PDcxvQwrwwink1I31TTBZIQHtGOpxILqXjYzO0FnVglRFCv7pEEz9e9EhoXWYxHYToHNUC/XpuJ/tU5qoptexmSSGirJfFGUcmRiNL0chUxRYvjYEkwUs14RGWKFibH5LGzR9qghDRcOyeyn2vov2bS85WxWSfOy6l1Vaw+1Sv02z60IJ3AK5+DBNdThHhrgAwEGz/AKb86L8+58OJ/z1oKTzxzDApyvXwgUn7A=</latexit>

1� dim
<latexit sha1_base64="fE71yskkD9VGgOgYRfui4OxuWsI=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TMA9IljA725sMmX0wMyuEJV/gUf0Yb+LVL/BbvDhJ9mASCwaK6u7p6vISwZW27W+rsLG5tb1T3C3t7R8cHpWPT9oqTiXDFotFLLseVSh4hC3NtcBuIpGGnsCON76f1TtPKBWPo0c9SdAN6TDiAWdUG6lpD8oVu2rPQdaJk5MK5GgMyj99P2ZpiJFmgirVc+xEuxmVmjOB01I/VZhQNqZD7Bka0RCVm82NTsmFUXwSxNK8SJO5+ncio6FSk9AznSHVI7Vam4n/1XqpDm7djEdJqjFii0VBKoiOyexq4nOJTIuJIZRJbrwSNqKSMm2yWdqizFEj9JcOycynyvgvmbSc1WzWSfuq6lxXa81apX6X51aEMziHS3DgBurwAA1oAQOEZ3iFN+vFerc+rM9Fa8HKZ05hCdbXLxXjniA=</latexit>

0

“spin scale”

They are Infinite-dim Poincare’ irreps



<latexit sha1_base64="9RzMcbTALjEGg5esEtGacAchCew=">AAACF3icbVDLSgMxFL3js9ZX1aWbYBFclZlS1GXRjcsK9gHtWDKZTBuaZIYkI5ShH+FS/Rh34tal3+LGtJ2FbT0QOJx7b+65J0g408Z1v5219Y3Nre3CTnF3b//gsHR03NJxqghtkpjHqhNgTTmTtGmY4bSTKIpFwGk7GN1O6+0nqjSL5YMZJ9QXeCBZxAg2Vmo3+j2RPlb7pbJbcWdAq8TLSRlyNPqln14Yk1RQaQjHWnc9NzF+hpVhhNNJsZdqmmAywgPatVRiQbWfzexO0LlVQhTFyj5p0Ez9O5FhofVYBLZTYDPUy7Wp+F+tm5ro2s+YTFJDJZkvilKOTIymt6OQKUoMH1uCiWLWKyJDrDAxNqGFLdoeNaThwiGZ/VRb/0WblreczSppVSveZaV2XyvXb/LcCnAKZ3ABHlxBHe6gAU0gMIJneIU358V5dz6cz3nrmpPPnMACnK9f106gqQ==</latexit>

P 2
µ

<latexit sha1_base64="ZZC++jjQ+waAHw4J34isc8ZmoHI="></latexit>

Wµ =
1

2
✏µ⌫⇢�J

⌫⇢P�
<latexit sha1_base64="uRQaWc++UN4oQhjdQkuJbjpA4d0=">AAACF3icbVBNTwIxEJ31E/EL9eilkZh4IruEqEeiF4+YCEsCK+l2CzS03U3bNSEbfoRH9cd4M149+lu8WGAPAr6kycubmc6bFyacaeO6387a+sbm1nZhp7i7t39wWDo6buk4VYQ2Scxj1Q6xppxJ2jTMcNpOFMUi5NQPR7fTuv9ElWaxfDDjhAYCDyTrM4KNlXy/1xXpY7VXKrsVdwa0SryclCFHo1f66UYxSQWVhnCsdcdzExNkWBlGOJ0Uu6mmCSYjPKAdSyUWVAfZzO4EnVslQv1Y2ScNmql/JzIstB6L0HYKbIZ6uTYV/6t1UtO/DjImk9RQSeaL+ilHJkbT21HEFCWGjy3BRDHrFZEhVpgYm9DCFm2PGtJo4ZDMfqqt/6JNy1vOZpW0qhXvslK7r5XrN3luBTiFM7gAD66gDnfQgCYQGMEzvMKb8+K8Ox/O57x1zclnTmABztcv4zOgsA==</latexit>

W 2
µ

<latexit sha1_base64="v7inJKWQaHHdNqp7ZMhhuCJwk9U=">AAACLnicbVC7SgNBFJ31GeNr1VKLwSBYhV0JaiMEbSwjmAckcZmdvUmGzD6YhxCWbfwaS/VjBAux9R9snGxSmMQLMxzOfZ17/IQzqRznw1paXlldWy9sFDe3tnd27b39hoy1oFCnMY9FyycSOIugrpji0EoEkNDn0PSHN+N88xGEZHF0r0YJdEPSj1iPUaIM5dlHaScfkvpcQ4abXifUuPZg/isn8+ySU3bywIvAnYISmkbNs386QUx1CJGinEjZdp1EdVMiFKMcsmJHS0gIHZI+tA2MSAiym+YCMnximAD3YmFepHDO/u1ISSjlKPRNZUjUQM7nxuR/ubZWvctuyqJEK4joZFFPc6xiPLYEB0wAVXxkAKGCGa2YDoggVBnjZrZIc9QAgplDUjNUGv1F45Y7780iaJyV3fNy5a5Sql5PfSugQ3SMTpGLLlAV3aIaqiOKntAzekVv1ov1bn1aX5PSJWvac4Bmwvr+BZT2qc8=</latexit>

WµP
µ = 0

<latexit sha1_base64="JX0K+gkJ8mHtXcTYbvYWMotbxvw=">AAACL3icbVDLSsNAFJ34rPVVdSlCsAgupCRS1I1QdOOygn1AE8JketsOnUzCPIQSsvJrXKofI27Erd/gxmnahW29cOFwzn2eMGFUKsf5sJaWV1bX1gsbxc2t7Z3d0t5+U8ZaEGiQmMWiHWIJjHJoKKoYtBMBOAoZtMLh7VhvPYKQNOYPapSAH+E+pz1KsDJUUDpKvXxIGjINWacVeJE+qwce1/61kwWlslNx8rAXgTsFZTSNelD68box0RFwRRiWsuM6ifJTLBQlDLKipyUkmAxxHzoGchyB9NP8gsw+MUzX7sXCJFd2zv7tSHEk5SgKTWWE1UDOa2PyP62jVe/KTylPtAJOJot6mtkqtsee2F0qgCg2MgATQc2tNhlggYkyzs1skeapAXRnHknNUGnuLxq33HlvFkHzvOJeVKr31XLtZupbAR2iY3SKXHSJaugO1VEDEfSEntErerNerHfr0/qalC5Z054DNBPW9y/fT6p/</latexit>

[Wµ, P⌫ ] = 0
<latexit sha1_base64="Qy2NN2tk9/SjKftmbnHmi9TuVUY="></latexit>

[Wµ,W⌫ ] = �✏µ⌫⇢�W
⇢P�

<latexit sha1_base64="zaXO7IggVHhetzAm88hAN+BORXk=">AAACE3icbVDLTgIxFL2DL8QX6tJNIzFxRWYIUZdENy4xyiOBkXQ6BRrazqTtmJAJn+BS/Rh3xq0f4Le4scAsBDxJk5Nz7+099wQxZ9q47reTW1vf2NzKbxd2dvf2D4qHR00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtHNtN56okqzSD6YcUx9gQeS9RnBxkr34rHSK5bcsjsDWiVeRkqQod4r/nTDiCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dGZ1gs6sEqJ+pOyTBs3UvxMpFlqPRWA7BTZDvVybiv/VOonpX/kpk3FiqCTzRf2EIxOh6d0oZIoSw8eWYKKY9YrIECtMjE1nYYu2Rw1puHBIaj/V1n/BpuUtZ7NKmpWyd1Gu3lVLtesstzycwCmcgweXUINbqEMDCAzgGV7hzXlx3p0P53PemnOymWNYgPP1C7jPnwE=</latexit>

m2
<latexit sha1_base64="yD3MXIrjlfry40u0N610ol0Fqtg=">AAACG3icbVDLSgMxFM3UV62vqks3wSJUxDJTirosunFZwT5gOpZMJtOmTTJDkhHK0M9wqX6MO3Hrwm9xY9rOwlYPBA7n3pt77vFjRpW27S8rt7K6tr6R3yxsbe/s7hX3D1oqSiQmTRyxSHZ8pAijgjQ11Yx0YkkQ9xlp+6Obab39SKSikbjX45h4HPUFDSlG2kjuOX+owmF5eOac9oolu2LPAP8SJyMlkKHRK353gwgnnAiNGVLKdexYeymSmmJGJoVuokiM8Aj1iWuoQJwoL51ZnsATowQwjKR5QsOZ+nsiRVypMfdNJ0d6oJZrU/G/mpvo8MpLqYgTTQSeLwoTBnUEp/fDgEqCNRsbgrCkxivEAyQR1ialhS3KHDUgwcIhqflUGf8Fk5aznM1f0qpWnItK7a5Wql9nueXBETgGZeCAS1AHt6ABmgCDCDyBF/BqPVtv1rv1MW/NWdnMIViA9fkD9eWhHw==</latexit>

�m2j(j + 1)
<latexit sha1_base64="8pvWyCozUC9FtloRq1HHhCILxlY=">AAACFXicbVBNT8JAEJ36ifiFevSykZjghbSEqEeiF48YLZBAQ7bbLWzYbpvdrQlp+A0e1R/jzXj17G/x4gI9CPiSTV7ezOy8eX7CmdK2/W2trW9sbm0Xdoq7e/sHh6Wj45aKU0moS2Iey46PFeVMUFczzWknkRRHPqdtf3Q7rbefqFQsFo96nFAvwgPBQkawNpL74FZqF/1S2a7aM6BV4uSkDDma/dJPL4hJGlGhCcdKdR070V6GpWaE00mxlyqaYDLCA9o1VOCIKi+bmZ2gc6MEKIyleUKjmfp3IsORUuPIN50R1kO1XJuK/9W6qQ6vvYyJJNVUkPmiMOVIx2h6OQqYpETzsSGYSGa8IjLEEhNt8lnYosxRQxosHJKZT5XxXzRpOcvZrJJWrepcVuv39XLjJs+tAKdwBhVw4AoacAdNcIEAg2d4hTfrxXq3PqzPeeualc+cwAKsr19RrZ9D</latexit>

SU(2)
<latexit sha1_base64="mqPnuGjlF/o6KL7y1K680nzQTiw=">AAACFXicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqI0QtLGM4CWB5Ah7e5Nkyd4Hu3tCOPIbLNUfYye21v4WGzfJFSbxwcLjzczOm+cngitt299WYW19Y3OruF3a2d3bPygfHjVVnEqGLotFLNs+VSh4hK7mWmA7kUhDX2DLH91N660nlIrH0aMeJ+iFdBDxPmdUG8lt9ewbu1eu2FV7BrJKnJxUIEejV/7pBjFLQ4w0E1SpjmMn2suo1JwJnJS6qcKEshEdYMfQiIaovGxmdkLOjBKQfizNizSZqX8nMhoqNQ590xlSPVTLtan4X62T6v61l/EoSTVGbL6onwqiYzK9nARcItNibAhlkhuvhA2ppEybfBa2KHPUEIOFQzLzqTL+SyYtZzmbVdK8qDqX1dpDrVK/zXMrwgmcwjk4cAV1uIcGuMCAwzO8wpv1Yr1bH9bnvLVg5TPHsADr6xeU/p9r</latexit>

W0 = 0
<latexit sha1_base64="R04rAAOVJlteEzw8URlKkbSzMm8=">AAACGXicbVDLSsNAFL2pr1pfVZduBovgqiRS1I1QdCOuKtiHtCFMJpN26EwSZiZCCf0Kl+rHuBO3rvwWN07bLGzrgYHDuffOPff4CWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFaeS0CaJeSw7PlaUs4g2NdOcdhJJsfA5bfvDm0m9/USlYnH0oEcJdQXuRyxkBGsjPbY9diXQnce8csWu2lOgZeLkpAI5Gl75pxfEJBU00oRjpbqOnWg3w1Izwum41EsVTTAZ4j7tGhphQZWbTQ2P0YlRAhTG0rxIo6n6dyLDQqmR8E2nwHqgFmsT8b9aN9XhpZuxKEk1jchsUZhypGM0uR4FTFKi+cgQTCQzXhEZYImJNhnNbVHmqAEN5g7JzKfK+C+ZtJzFbJZJ66zqnFdr97VK/TrPrQhHcAyn4MAF1OEWGtAEAgKe4RXerBfr3fqwPmetBSufOYQ5WF+/+PyhOw==</latexit>

Wi = mJimassive
<latexit sha1_base64="3Yt1f25O0vWRM/9lAGLKsjO/GO4=">AAACGnicbVDLTgIxFO3gC/GFunQzkZhgjGSGEHVJdOMSE3lEmJBO5wKVtjNpOyZkwl+4VD/GnXHrxm9xY4FZCHiSJifn3tt77vEjRpV2nG8rs7K6tr6R3cxtbe/s7uX3DxoqjCWBOglZKFs+VsCogLqmmkErkoC5z6DpD28m9eYTSEVDca9HEXgc9wXtUYK1kR6K5ccz9/Q8oLybLzglZwp7mbgpKaAUtW7+pxOEJOYgNGFYqbbrRNpLsNSUMBjnOrGCCJMh7kPbUIE5KC+ZOh7bJ0YJ7F4ozRPanqp/JxLMlRpx33RyrAdqsTYR/6u1Y9278hIqoliDILNFvZjZOrQn59sBlUA0GxmCiaTGq00GWGKiTUhzW5Q5agDB3CGJ+VQZ/zmTlruYzTJplEvuRalyVylUr9PcsugIHaMictElqqJbVEN1RJBAz+gVvVkv1rv1YX3OWjNWOnOI5mB9/QKenKD6</latexit>

(2j + 1)� dim

Little group Generators

<latexit sha1_base64="tsYLL1Od8njYYNe+OUPVvXD7kW4=">AAACJXicbVDLSsNAFJ3UV62vaJduBotQNyUpRV0W3ejKivYBbSiTyaQdOpmEmYkQQr/Fpfox7kRw5Ye4cZpmYVsvDBzOufeeO8eNGJXKsr6Mwtr6xuZWcbu0s7u3f2AeHnVkGAtM2jhkoei5SBJGOWkrqhjpRYKgwGWk606uZ3r3iQhJQ/6okog4ARpx6lOMlKaGZjkdZEtSQbzp7cNdtX42HZoVq2ZlBVeBnYMKyKs1NH8GXojjgHCFGZKyb1uRclIkFMWMTEuDWJII4Qkakb6GHAVEOmnmO4WnmvGgHwr9uIIZ+3ciRYGUSeDqzgCpsVzWZuR/Wj9W/qWTUh7FinA8N/JjBlUIZ0lAjwqCFUs0QFhQfSvEYyQQVjqvBRepPzXW+SyQeqnU95d0WvZyNqugU6/Z57XGfaPSvMpzK4JjcAKqwAYXoAluQAu0AQYJeAav4M14Md6ND+Nz3low8pkyWCjj+xcB3aXp</latexit>

ISO(2)
<latexit sha1_base64="H+2Uy+EXK7q4TnvWURrovRK8DcQ=">AAACG3icbVDLSgMxFM3UV62vqks3wSK4KjO2qJtC0Y24qmA7hekwZNJMG5pJhiQjlKGf4VL9GHfi1oXf4sa0nYVtPRA4nHtv7rknTBhV2ra/rcLa+sbmVnG7tLO7t39QPjzqKJFKTNpYMCG7IVKEUU7ammpGuokkKA4ZccPR7bTuPhGpqOCPepwQP0YDTiOKkTaS5wZ2ww1qjfugFpQrdtWeAa4SJycVkKMVlH96fYHTmHCNGVLKc+xE+xmSmmJGJqVeqkiC8AgNiGcoRzFRfjazPIFnRunDSEjzuIYz9e9EhmKlxnFoOmOkh2q5NhX/q3mpjq79jPIk1YTj+aIoZVALOL0f9qkkWLOxIQhLarxCPEQSYW1SWtiizFFD0l84JDOfKuO/ZNJylrNZJZ2LqnNZrT/UK82bPLciOAGn4Bw44Ao0wR1ogTbAQIBn8ArerBfr3fqwPuetBSufOQYLsL5+AY3toXk=</latexit>

W0 = W3 = J3
<latexit sha1_base64="fE71yskkD9VGgOgYRfui4OxuWsI=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TMA9IljA725sMmX0wMyuEJV/gUf0Yb+LVL/BbvDhJ9mASCwaK6u7p6vISwZW27W+rsLG5tb1T3C3t7R8cHpWPT9oqTiXDFotFLLseVSh4hC3NtcBuIpGGnsCON76f1TtPKBWPo0c9SdAN6TDiAWdUG6lpD8oVu2rPQdaJk5MK5GgMyj99P2ZpiJFmgirVc+xEuxmVmjOB01I/VZhQNqZD7Bka0RCVm82NTsmFUXwSxNK8SJO5+ncio6FSk9AznSHVI7Vam4n/1XqpDm7djEdJqjFii0VBKoiOyexq4nOJTIuJIZRJbrwSNqKSMm2yWdqizFEj9JcOycynyvgvmbSc1WzWSfuq6lxXa81apX6X51aEMziHS3DgBurwAA1oAQOEZ3iFN+vFerc+rM9Fa8HKZ05hCdbXLxXjniA=</latexit>

0CSP
<latexit sha1_base64="9IpVW93cdEZnB8r7tb/pT03xKQE="></latexit>

W± / (J1 ± iK1))± i (J2 ± iK2) / J±
L/R

<latexit sha1_base64="MBE1BiGD3+/q0OHna80EprMAusc=">AAACJXicbVDLSsNAFJ34rPUV7dJNsAhuLEkp6rLoxmUF+4Amlslk0g6dmYSZiRBCvsWl+jHuRHDlh7hxmmZhWy8MHM659547x48pkcq2v4y19Y3Nre3KTnV3b//g0Dw67skoEQh3UUQjMfChxJRw3FVEUTyIBYbMp7jvT29nev8JC0ki/qDSGHsMjjkJCYJKUyOzlrnFkkzgIL9wWfLYzEdm3W7YRVmrwClBHZTVGZk/bhChhGGuEIVSDh07Vl4GhSKI4rzqJhLHEE3hGA815JBh6WWFb26daSawwkjox5VVsH8nMsikTJmvOxlUE7mszcj/tGGiwmsvIzxOFOZobhQm1FKRNUvCCojASNFUA4gE0bdaaAIFRErnteAi9acmOp8FUi+V+v6qTstZzmYV9JoN57LRum/V2zdlbhVwAk7BOXDAFWiDO9ABXYBACp7BK3gzXox348P4nLeuGeVMDSyU8f0L72umdg==</latexit>

�µ2

<latexit sha1_base64="H+2Uy+EXK7q4TnvWURrovRK8DcQ=">AAACG3icbVDLSgMxFM3UV62vqks3wSK4KjO2qJtC0Y24qmA7hekwZNJMG5pJhiQjlKGf4VL9GHfi1oXf4sa0nYVtPRA4nHtv7rknTBhV2ra/rcLa+sbmVnG7tLO7t39QPjzqKJFKTNpYMCG7IVKEUU7ammpGuokkKA4ZccPR7bTuPhGpqOCPepwQP0YDTiOKkTaS5wZ2ww1qjfugFpQrdtWeAa4SJycVkKMVlH96fYHTmHCNGVLKc+xE+xmSmmJGJqVeqkiC8AgNiGcoRzFRfjazPIFnRunDSEjzuIYz9e9EhmKlxnFoOmOkh2q5NhX/q3mpjq79jPIk1YTj+aIoZVALOL0f9qkkWLOxIQhLarxCPEQSYW1SWtiizFFD0l84JDOfKuO/ZNJylrNZJZ2LqnNZrT/UK82bPLciOAGn4Bw44Ao0wR1ogTbAQIBn8ArerBfr3fqwPuetBSufOQYLsL5+AY3toXk=</latexit>

W0 = W3 = J3
<latexit sha1_base64="fE71yskkD9VGgOgYRfui4OxuWsI=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TMA9IljA725sMmX0wMyuEJV/gUf0Yb+LVL/BbvDhJ9mASCwaK6u7p6vISwZW27W+rsLG5tb1T3C3t7R8cHpWPT9oqTiXDFotFLLseVSh4hC3NtcBuIpGGnsCON76f1TtPKBWPo0c9SdAN6TDiAWdUG6lpD8oVu2rPQdaJk5MK5GgMyj99P2ZpiJFmgirVc+xEuxmVmjOB01I/VZhQNqZD7Bka0RCVm82NTsmFUXwSxNK8SJO5+ncio6FSk9AznSHVI7Vam4n/1XqpDm7djEdJqjFii0VBKoiOyexq4nOJTIuJIZRJbrwSNqKSMm2yWdqizFEj9JcOycynyvgvmbSc1WzWSfuq6lxXa81apX6X51aEMziHS3DgBurwAA1oAQOEZ3iFN+vFerc+rM9Fa8HKZ05hCdbXLxXjniA=</latexit>

0 <latexit sha1_base64="dYdk4kEPxoOAdPSuk4ZqSx2Y1oY=">AAACLHicbVDLSsNAFJ3UV62vqDvdDBbBVUmkqBuh6MZlBfuAJoTJZNIMnTyYmQglBPwal+rHuBFx60+4cZJmYVsvDBzOufeeO8dNGBXSMD602srq2vpGfbOxtb2zu6fvH/RFnHJMejhmMR+6SBBGI9KTVDIyTDhBocvIwJ3cFvrgkXBB4+hBThNih2gcUZ9iJBXl6EcDxwrT68wqV2WceHmQw25BOnrTaBllwWVgVqAJquo6+o/lxTgNSSQxQ0KMTCORdoa4pJiRvGGlgiQIT9CYjBSMUEiEnZXGOTxVjAf9mKsXSViyfycyFAoxDV3VGSIZiEWtIP/TRqn0r+yMRkkqSYRnRn7KoIxhEQj0KCdYsqkCCHOqboU4QBxhqWKbcxHqU4EKaI5US4W6v6HSMhezWQb985Z50Wrft5udmyq3OjgGJ+AMmOASdMAd6IIewOAJPINX8Ka9aO/ap/Y1a61p1cwhmCvt+xenSqln</latexit>

Wµ = hPµ

<latexit sha1_base64="LpBtBRjh8400r3lbOtJJ3nfEE+M=">AAACFHicbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48VTFtoQ9lsNu3SzSbsboQS+hc8qj/Gm3j17m/x4qbNwbY+WHi8mdl58/yEM6Vt+9taW9/Y3Nou7ZR39/YPDitHx20Vp5JQl8Q8ll0fK8qZoK5mmtNuIimOfE47/vgur3eeqFQsFo96klAvwkPBQkawziW35lwMKlW7bs+AVolTkCoUaA0qP/0gJmlEhSYcK9Vz7ER7GZaaEU6n5X6qaILJGA9pz1CBI6q8bOZ1is6NEqAwluYJjWbq34kMR0pNIt90RliP1HItF/+r9VId3ngZE0mqqSDzRWHKkY5RfjgKmKRE84khmEhmvCIywhITbeJZ2KLMUSMaLBySmU+V8V82aTnL2ayS9mXduao3HhrV5m2RWwlO4Qxq4MA1NOEeWuACgRE8wyu8WS/Wu/Vhfc5b16xi5gQWYH39Ap56nuU=</latexit>

U(1)massless <latexit sha1_base64="WGlDtOK+5pFufyRyeLmSqnHu9bk=">AAACFXicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJriHokevGIiQskQEi324WGtrtpuyZkw2/wqP4Yb8arZ3+LFwvsQcCXNHl5M9N584KEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0WoT2Ieq3aANeVMUt8ww2k7URSLgNNWMLqb1ltPVGkWy0czTmhP4IFkESPYWMn3LkIm+uWKW3VnQKvEy0kFcjT65Z9uGJNUUGkIx1p3PDcxvQwrwwink1I31TTBZIQHtGOpxILqXjYzO0FnVglRFCv7pEEz9e9EhoXWYxHYToHNUC/XpuJ/tU5qoptexmSSGirJfFGUcmRiNL0chUxRYvjYEkwUs14RGWKFibH5LGzR9qghDRcOyeyn2vov2bS85WxWSfOy6l1Vaw+1Sv02z60IJ3AK5+DBNdThHhrgAwEGz/AKb86L8+58OJ/z1oKTzxzDApyvXwgUn7A=</latexit>

1� dim
<latexit sha1_base64="fE71yskkD9VGgOgYRfui4OxuWsI=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TMA9IljA725sMmX0wMyuEJV/gUf0Yb+LVL/BbvDhJ9mASCwaK6u7p6vISwZW27W+rsLG5tb1T3C3t7R8cHpWPT9oqTiXDFotFLLseVSh4hC3NtcBuIpGGnsCON76f1TtPKBWPo0c9SdAN6TDiAWdUG6lpD8oVu2rPQdaJk5MK5GgMyj99P2ZpiJFmgirVc+xEuxmVmjOB01I/VZhQNqZD7Bka0RCVm82NTsmFUXwSxNK8SJO5+ncio6FSk9AznSHVI7Vam4n/1XqpDm7djEdJqjFii0VBKoiOyexq4nOJTIuJIZRJbrwSNqKSMm2yWdqizFEj9JcOycynyvgvmbSc1WzWSfuq6lxXa81apX6X51aEMziHS3DgBurwAA1oAQOEZ3iFN+vFerc+rM9Fa8HKZ05hCdbXLxXjniA=</latexit>

0

“spin scale”
<latexit sha1_base64="pzUNnyMjhN9YJfpKUJMAIOwCopY=">AAACKXicbVC7TsMwFHV4lvIKMDCwWFRIDKhKUAUsSBUsHYtEH1IaRY7jtlZtJ7IdpCrK1zACH8MGrHwGC26bgbZcydbxuff63nPChFGlHefTWlldW9/YLG2Vt3d29/btg8O2ilOJSQvHLJbdECnCqCAtTTUj3UQSxENGOuHofpLvPBGpaCwe9TghPkcDQfsUI22owD72GhedIOslPPdvzQ2LR2BXnKozDbgM3AJUQBHNwP7pRTFOOREaM6SU5zqJ9jMkNcWM5OVeqkiC8AgNiGegQJwoP5sKyOGZYSLYj6U5QsMp+7cjQ1ypMQ9NJUd6qBZzE/K/nJfq/o2fUZGkmgg8G9RPGdQxnLgBIyoJ1mxsAMKSml0hHiKJsDaezU1RRtSQRHNCMvOpMvuXjVvuojfLoH1Zda+qtYdapX5X+FYCJ+AUnAMXXIM6aIAmaAEMcvAMXsGb9WK9Wx/W16x0xSp6jsBcWN+/KHWnjQ==</latexit>

[H,W±] = ±W±

<latexit sha1_base64="dpiuOJr66+XgsWpbZlN5EAbXryQ=">AAACJXicbVDLSsNAFJ3UV62vaJdugkUQxJJIUTdC0Y3LCvYBbQyTyW06dPJgZiKEkG9xqX6MOxFc+SFunLZZ2NYDA4dz7p1773FjRoU0zS+ttLK6tr5R3qxsbe/s7un7Bx0RJZxAm0Qs4j0XC2A0hLakkkEv5oADl0HXHd9O/O4TcEGj8EGmMdgB9kM6pARLJTl6tetkp/l193HgYd8H7mRnuaPXzLo5hbFMrILUUIGWo/8MvIgkAYSSMCxE3zJjaWeYS0oY5JVBIiDGZIx96Csa4gCEnU2Xz41jpXjGMOLqhdKYqn87MhwIkQauqgywHIlFbyL+5/UTObyyMxrGiYSQzAYNE2bIyJgkYXiUA5EsVQQTTtWuBhlhjolUec1NEeqoEXhzh2TqU6H2r6i0rMVslknnvG5d1Bv3jVrzpsitjA7RETpBFrpETXSHWqiNCErRM3pFb9qL9q59aJ+z0pJW9FTRHLTvX/vJpeo=</latexit>

W+ = W †
�

<latexit sha1_base64="Gi1CiosWtUiWcWqlB9bg3D2k8Gw=">AAACJnicbVDLSsNAFJ3UV62v+Ni5GSyCIC1JKepCoejGZQXbFNoYJpNpO3QyCTMToYb+i0v1Y9yJuPM/3Dhts7CtBwYO59w7997jx4xKZVlfRm5peWV1Lb9e2Njc2t4xd/eaMkoEJg0csUi0fCQJo5w0FFWMtGJBUOgz4viDm7HvPBIhacTv1TAmboh6nHYpRkpLnnngeJ0weahclRwvPR05XgleWp5ZtMrWBHCR2Bkpggx1z/zpBBFOQsIVZkjKtm3Fyk2RUBQzMip0EklihAeoR9qachQS6aaT7UfwWCsB7EZCP67gRP3bkaJQymHo68oQqb6c98bif147Ud0LN6U8ThTheDqomzCoIjiOAgZUEKzYUBOEBdW7QtxHAmGlA5uZIvVRfRLMHJLqT6Xev6DTsuezWSTNStk+K1fvqsXadZZbHhyCI3ACbHAOauAW1EEDYPAEnsEreDNejHfjw/icluaMrGcfzMD4/gWtjaUV</latexit>

W 2
µ = �W+W� < 0

<latexit sha1_base64="Yl2vbQ1WKgjUzFL4UrsFdXuSXSU=">AAACIXicbVDLSsNAFJ3UV62PRl26GSyCoJZEiroRim5cVrAPSEOYTCbt0MkkzEyEEvIlLtWPcSfuxE9x47TNwrZemOFw7uvc4yeMSmVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmnApM2jlksej6ShFFO2ooqRnqJICjyGen6o7tJvvtEhKQxf1TjhLgRGnAaUoyUpjyz6nS97DQ/0/957t5Ynlmz6tY04DKwC1ADRbQ886cfxDiNCFeYISkd20qUmyGhKGYkr/RTSRKER2hAHA05ioh0s6nwHB5rJoBhLPTjCk7Zvx0ZiqQcR76ujJAaysXchPwv56QqvHYzypNUEY5ni8KUQRXDiQswoIJgxcYaICyo1grxEAmElfZqbovURw1JMHdIpodKrb+i3bIXvVkGnYu6fVlvPDRqzdvCtzI4BEfgBNjgCjTBPWiBNsAgBc/gFbwZL8a78WF8zkpLRtFzAObC+P4F2Dujsg==</latexit>

[W+,W�] = 0
<latexit sha1_base64="XGzVU+ZDB92LUsRR4knz+0FDpUY=">AAACKXicbVC7TsMwFHV4lvIKMDCwWFRILFQJqoCxgoWxSPQhNVXlOE5r1XYi20GKonwNI/AxbMDKZ7Dgphloy5UsHZ1z7z3Xx48ZVdpxPq2V1bX1jc3KVnV7Z3dv3z447KgokZi0ccQi2fORIowK0tZUM9KLJUHcZ6TrT+6meveJSEUj8ajTmAw4GgkaUoy0oYb2ceYVSzJJgtyjItTpRUB5PrRrTt0pCi4DtwQ1UFZraP94QYQTToTGDCnVd51YDzIkNcWM5FUvUSRGeIJGpG+gQJyoQVZ45/DMMAEMI2me0LBg/05kiCuVct90cqTHalGbkv9p/USHN4OMijjRROCZUZgwqCM4TQMGVBKsWWoAwpKaWyEeI4mwNpnNuSjzqbHJaI40S5W5v2rSchezWQady7p7VW88NGrN2zK3CjgBp+AcuOAaNME9aIE2wCAHz+AVvFkv1rv1YX3NWlescuYIzJX1/Qvq/aiQ</latexit>

1� dim

<latexit sha1_base64="bOZYWLyc6mL0wapsXmcqTR4FJLo=">AAACJ3icbVDLSsNAFJ3UV62vqLhyEyyCq5JIUTdC0U2XFewD2lAmk5tm6GQSZiZCif0Yl+rHuBNd+h1unLZBbOuBgcM5986993gJo1LZ9qdRWFldW98obpa2tnd298z9g5aMU0GgSWIWi46HJTDKoamoYtBJBODIY9D2hrcTv/0AQtKY36tRAm6EB5wGlGClpb55VH8MewLzAYPr8Jf2zbJdsaewlomTkzLK0eib3z0/JmkEXBGGpew6dqLcDAtFCYNxqZdKSDAZ4gF0NeU4Aulm0/XH1qlWfCuIhX5cWVP1b0eGIylHkacrI6xCuehNxP+8bqqCKzejPEkVcDIbFKTMUrE1ycLyqQCi2EgTTATVu1okxAITpRObmyL1USH4c4dk+lOp9y/ptJzFbJZJ67ziXFSqd9Vy7SbPrYiO0Qk6Qw66RDVURw3URARl6Am9oFfj2Xgz3o2PWWnByHsO0RyMrx+EbKdI</latexit>

H|hi = h|hi
@ fixed p

<latexit sha1_base64="KTSkSuVD66vxhE4BksiYutyrPqA=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwVRIp6rLoxmUF+4AmlMnkphk6mYSZiVBif8Ol+jHuxK3gt7hx2mZhWw8MHM65d+69x085U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgkkxTaNOGJ7PlEAWcC2pppDr1UAol9Dl1/dDv1u48gFUvEgx6n4MVkKFjIKNFGcp9whF1JxJADHlRrdt2eAa8SpyA1VKA1qP64QUKzGISmnCjVd+xUezmRmlEOk4qbKUgJHZEh9A0VJAbl5bOdJ/jMKAEOE2me0Him/u3ISazUOPZNZUx0pJa9qfif1890eO3lTKSZBkHng8KMY53gaQA4YBKo5mNDCJXM7IppRCSh2sS0MEWZoyIIFg7JzafK7F8xaTnL2aySzkXduaw37hu15k2RWxmdoFN0jhx0hZroDrVQG1GUomf0it6sF+vd+rA+56Ulq+g5Rguwvn4BUkiidw==</latexit>

|hi
<latexit sha1_base64="mBfefOkMUExgEhVC+Rtv+r/0BlI=">AAACHnicbVDLSsNAFJ3UV62vqks3g0UQhJJIUZdFNy4r2Ae0sUwmN83QySTMTIQS+x8u1Y9xJ271W9w4bbOwrQcGDufcO/fe4yWcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFScSgpNGvNYdjyigDMBTc00h04igUQeh7Y3vJn47UeQisXiXo8ScCMyECxglGgjPTzhEJ85PUnEgAPulyt21Z4CLxMnJxWUo9Ev//T8mKYRCE05Uarr2Il2MyI1oxzGpV6qICF0SAbQNVSQCJSbTbce4xOj+DiIpXlC46n6tyMjkVKjyDOVEdGhWvQm4n9eN9XBlZsxkaQaBJ0NClKOdYwnEWCfSaCajwwhVDKzK6YhkYRqE9TcFGWOCsGfOyQznyqzf8mk5Sxms0xa51Xnolq7q1Xq13luRXSEjtEpctAlqqNb1EBNRJFEz+gVvVkv1rv1YX3OSgtW3nOI5mB9/QI8HqLn</latexit>

|h+ 1i
<latexit sha1_base64="OCy3Eo6Pg1FX3qn2dT12WQbfuwc=">AAACHnicbVDLTsMwEHTKq5RXgSMXiwqJC1WCKuBYwYVjkehDakPlOJvGquNEtoNUhf4HR+BjuCGu8C1ccNscaMtIlkYzu97d8RLOlLbtb6uwsrq2vlHcLG1t7+zulfcPWipOJYUmjXksOx5RwJmApmaaQyeRQCKPQ9sb3kz89iNIxWJxr0cJuBEZCBYwSrSRHp5wiM+cniRiwAH3yxW7ak+Bl4mTkwrK0eiXf3p+TNMIhKacKNV17ES7GZGaUQ7jUi9VkBA6JAPoGipIBMrNpluP8YlRfBzE0jyh8VT925GRSKlR5JnKiOhQLXoT8T+vm+rgys2YSFINgs4GBSnHOsaTCLDPJFDNR4YQKpnZFdOQSEK1CWpuijJHheDPHZKZT5XZv2TSchazWSat86pzUa3d1Sr16zy3IjpCx+gUOegS1dEtaqAmokiiZ/SK3qwX6936sD5npQUr7zlEc7C+fgE/iqLp</latexit>

|h� 1i ……
<latexit sha1_base64="JHxuKKu7eGmXb4WTvLAamkpT81s=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUBIp6rLoxmUF+4A2hMnkth06mYSZSaGE/olL9WPciSvBP3HjNM3Ctl64cDj3ce49QcKZ0o7zZa2tb2xubZd2yrt7+weH9tFxS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej+1m9PQapWCye9CQBLyIDwfqMEm0o37Z7+Y4s4ClMcdu/9O2KU3XywKvALUAFFdHw7Z9eGNM0AqEpJ0p1XSfRXkakZpTDtNxLFSSEjsgAugYKEoHyslx1is8NE+J+LE0KjXP270RGIqUmUWA6I6KHark2I/+rdVPdv/UyJpJUg6BzoX7KsY7xzAYcMglU84kBhEpmbsV0SCSh2pi1oKLMU0MIFx7JzFJl7i8bt9xlb1ZB66rqXldrj7VK/a7wrYRO0Rm6QC66QXX0gBqoiSgao2f0it6sF+vd+rA+561rVjFzghbC+v4F3Zyk0w==</latexit>

W+

<latexit sha1_base64="X0L+CATDZ9R8IZwS1xIw7Kgs0A0=">AAACI3icbVDLSsNAFJ3UV62vVJduBovgxpJIUZdFNy4r2Ae0IUwmN+3QyYOZiVJCP8Wl+jHuxI0Lv8SN0zQL23rhwuHcx7n3eAlnUlnWl1FaW9/Y3CpvV3Z29/YPzOphR8apoNCmMY9FzyMSOIugrZji0EsEkNDj0PXGt7N69xGEZHH0oCYJOCEZRixglChNuWZ1kO/IPJ7CtOtm51PXrFl1Kw+8CuwC1FARLdf8GfgxTUOIFOVEyr5tJcrJiFCMcphWBqmEhNAxGUJfw4iEIJ0sl53iU834OIiFzkjhnP07kZFQykno6c6QqJFcrs3I/2r9VAXXTsaiJFUQ0blQkHKsYjzzAftMAFV8ogGhgulbMR0RQajSbi2oSP3UCPyFRzK9VOr7K9ote9mbVdC5qNuX9cZ9o9a8KXwro2N0gs6Qja5QE92hFmojip7QM3pFb8aL8W58GJ/z1pJRzByhhTC+fwF3oKW3</latexit>

W�

<latexit sha1_base64="JHxuKKu7eGmXb4WTvLAamkpT81s=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUBIp6rLoxmUF+4A2hMnkth06mYSZSaGE/olL9WPciSvBP3HjNM3Ctl64cDj3ce49QcKZ0o7zZa2tb2xubZd2yrt7+weH9tFxS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej+1m9PQapWCye9CQBLyIDwfqMEm0o37Z7+Y4s4ClMcdu/9O2KU3XywKvALUAFFdHw7Z9eGNM0AqEpJ0p1XSfRXkakZpTDtNxLFSSEjsgAugYKEoHyslx1is8NE+J+LE0KjXP270RGIqUmUWA6I6KHark2I/+rdVPdv/UyJpJUg6BzoX7KsY7xzAYcMglU84kBhEpmbsV0SCSh2pi1oKLMU0MIFx7JzFJl7i8bt9xlb1ZB66rqXldrj7VK/a7wrYRO0Rm6QC66QXX0gBqoiSgao2f0it6sF+vd+rA+561rVjFzghbC+v4F3Zyk0w==</latexit>

W+

<latexit sha1_base64="X0L+CATDZ9R8IZwS1xIw7Kgs0A0=">AAACI3icbVDLSsNAFJ3UV62vVJduBovgxpJIUZdFNy4r2Ae0IUwmN+3QyYOZiVJCP8Wl+jHuxI0Lv8SN0zQL23rhwuHcx7n3eAlnUlnWl1FaW9/Y3CpvV3Z29/YPzOphR8apoNCmMY9FzyMSOIugrZji0EsEkNDj0PXGt7N69xGEZHH0oCYJOCEZRixglChNuWZ1kO/IPJ7CtOtm51PXrFl1Kw+8CuwC1FARLdf8GfgxTUOIFOVEyr5tJcrJiFCMcphWBqmEhNAxGUJfw4iEIJ0sl53iU834OIiFzkjhnP07kZFQykno6c6QqJFcrs3I/2r9VAXXTsaiJFUQ0blQkHKsYjzzAftMAFV8ogGhgulbMR0RQajSbi2oSP3UCPyFRzK9VOr7K9ote9mbVdC5qNuX9cZ9o9a8KXwro2N0gs6Qja5QE92hFmojip7QM3pFb8aL8W58GJ/z1pJRzByhhTC+fwF3oKW3</latexit>

W�

<latexit sha1_base64="JHxuKKu7eGmXb4WTvLAamkpT81s=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUBIp6rLoxmUF+4A2hMnkth06mYSZSaGE/olL9WPciSvBP3HjNM3Ctl64cDj3ce49QcKZ0o7zZa2tb2xubZd2yrt7+weH9tFxS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej+1m9PQapWCye9CQBLyIDwfqMEm0o37Z7+Y4s4ClMcdu/9O2KU3XywKvALUAFFdHw7Z9eGNM0AqEpJ0p1XSfRXkakZpTDtNxLFSSEjsgAugYKEoHyslx1is8NE+J+LE0KjXP270RGIqUmUWA6I6KHark2I/+rdVPdv/UyJpJUg6BzoX7KsY7xzAYcMglU84kBhEpmbsV0SCSh2pi1oKLMU0MIFx7JzFJl7i8bt9xlb1ZB66rqXldrj7VK/a7wrYRO0Rm6QC66QXX0gBqoiSgao2f0it6sF+vd+rA+561rVjFzghbC+v4F3Zyk0w==</latexit>

W+

<latexit sha1_base64="X0L+CATDZ9R8IZwS1xIw7Kgs0A0=">AAACI3icbVDLSsNAFJ3UV62vVJduBovgxpJIUZdFNy4r2Ae0IUwmN+3QyYOZiVJCP8Wl+jHuxI0Lv8SN0zQL23rhwuHcx7n3eAlnUlnWl1FaW9/Y3CpvV3Z29/YPzOphR8apoNCmMY9FzyMSOIugrZji0EsEkNDj0PXGt7N69xGEZHH0oCYJOCEZRixglChNuWZ1kO/IPJ7CtOtm51PXrFl1Kw+8CuwC1FARLdf8GfgxTUOIFOVEyr5tJcrJiFCMcphWBqmEhNAxGUJfw4iEIJ0sl53iU834OIiFzkjhnP07kZFQykno6c6QqJFcrs3I/2r9VAXXTsaiJFUQ0blQkHKsYjzzAftMAFV8ogGhgulbMR0RQajSbi2oSP3UCPyFRzK9VOr7K9ote9mbVdC5qNuX9cZ9o9a8KXwro2N0gs6Qja5QE92hFmojip7QM3pFb8aL8W58GJ/z1pJRzByhhTC+fwF3oKW3</latexit>

W�

<latexit sha1_base64="JHxuKKu7eGmXb4WTvLAamkpT81s=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUBIp6rLoxmUF+4A2hMnkth06mYSZSaGE/olL9WPciSvBP3HjNM3Ctl64cDj3ce49QcKZ0o7zZa2tb2xubZd2yrt7+weH9tFxS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej+1m9PQapWCye9CQBLyIDwfqMEm0o37Z7+Y4s4ClMcdu/9O2KU3XywKvALUAFFdHw7Z9eGNM0AqEpJ0p1XSfRXkakZpTDtNxLFSSEjsgAugYKEoHyslx1is8NE+J+LE0KjXP270RGIqUmUWA6I6KHark2I/+rdVPdv/UyJpJUg6BzoX7KsY7xzAYcMglU84kBhEpmbsV0SCSh2pi1oKLMU0MIFx7JzFJl7i8bt9xlb1ZB66rqXldrj7VK/a7wrYRO0Rm6QC66QXX0gBqoiSgao2f0it6sF+vd+rA+561rVjFzghbC+v4F3Zyk0w==</latexit>

W+

<latexit sha1_base64="X0L+CATDZ9R8IZwS1xIw7Kgs0A0=">AAACI3icbVDLSsNAFJ3UV62vVJduBovgxpJIUZdFNy4r2Ae0IUwmN+3QyYOZiVJCP8Wl+jHuxI0Lv8SN0zQL23rhwuHcx7n3eAlnUlnWl1FaW9/Y3CpvV3Z29/YPzOphR8apoNCmMY9FzyMSOIugrZji0EsEkNDj0PXGt7N69xGEZHH0oCYJOCEZRixglChNuWZ1kO/IPJ7CtOtm51PXrFl1Kw+8CuwC1FARLdf8GfgxTUOIFOVEyr5tJcrJiFCMcphWBqmEhNAxGUJfw4iEIJ0sl53iU834OIiFzkjhnP07kZFQykno6c6QqJFcrs3I/2r9VAXXTsaiJFUQ0blQkHKsYjzzAftMAFV8ogGhgulbMR0RQajSbi2oSP3UCPyFRzK9VOr7K9ote9mbVdC5qNuX9cZ9o9a8KXwro2N0gs6Qja5QE92hFmojip7QM3pFb8aL8W58GJ/z1pJRzByhhTC+fwF3oKW3</latexit>

W�
<latexit sha1_base64="R26NjULdiil6O6VetqyOJVSwjtk="></latexit>

h 2 Z or Z/2

They are Infinite-dim Poincare’ irreps



-Basis  vs  -BasisH θ

<latexit sha1_base64="S8NJhmh+MpNsIdl7QwGpGeAlsHg="></latexit>

|hi =
Z 2⇡

0

d✓

2⇡
eih✓|✓i

<latexit sha1_base64="IlWTF7UWpjUc6lJ7It0gJHE2MyQ="></latexit>

|✓i =
1X

h=�1
e�ih✓|hi states labelled by an angle

<latexit sha1_base64="m2GTuzpoPpYRG+6j5iPbTatzg5A=">AAACFnicbVBNS8NAEN3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabSbt2swm7E6GE/geP6o/xJl69+lu8uG1zsK0PFh5vZnbePD8RXKPjfFuFtfWNza3idmlnd2//oHx41NJxqhg0WSxi1fGpBsElNJGjgE6igEa+gLY/up3W20+gNI/lA44T8CI6kDzkjKKRWj0cAtJ+ueJUnRnsVeLmpEJyNPrln14QszQCiUxQrbuuk6CXUYWcCZiUeqmGhLIRHUDXUEkj0F42czuxz4wS2GGszJNoz9S/ExmNtB5HvumMKA71cm0q/lfrphheexmXSYog2XxRmAobY3t6uh1wBQzF2BDKFDdebTakijI0AS1s0eaoIQQLh2TmU238l0xa7nI2q6R1UXUvq7X7WqV+k+dWJCfklJwTl1yROrkjDdIkjDySZ/JK3qwX6936sD7nrQUrnzkmC7C+fgGeIKCU</latexit>

✓

<latexit sha1_base64="inzvVryI34O3ZhY6AvvVlDHKhi4=">AAACE3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2ge0Q8lkMm1okhmSjFCGfoJL9WPciVs/wG9xY9rOwrYeCBzOvTf33BMknGnjut9OYW19Y3OruF3a2d3bPygfHrV0nCpCmyTmseoEWFPOJG0aZjjtJIpiEXDaDka303r7iSrNYvloxgn1BR5IFjGCjZUeeiLtlytu1Z0BrRIvJxXI0eiXf3phTFJBpSEca9313MT4GVaGEU4npV6qaYLJCA9o11KJBdV+NrM6QWdWCVEUK/ukQTP170SGhdZjEdhOgc1QL9em4n+1bmqiaz9jMkkNlWS+KEo5MjGa3o1CpigxfGwJJopZr4gMscLE2HQWtmh71JCGC4dk9lNt/ZdsWt5yNqukdVH1Lqu1+1qlfpPnVoQTOIVz8OAK6nAHDWgCgQE8wyu8OS/Ou/PhfM5bC04+cwwLcL5+ASW4n0I=</latexit>µ

<latexit sha1_base64="pzUNnyMjhN9YJfpKUJMAIOwCopY=">AAACKXicbVC7TsMwFHV4lvIKMDCwWFRIDKhKUAUsSBUsHYtEH1IaRY7jtlZtJ7IdpCrK1zACH8MGrHwGC26bgbZcydbxuff63nPChFGlHefTWlldW9/YLG2Vt3d29/btg8O2ilOJSQvHLJbdECnCqCAtTTUj3UQSxENGOuHofpLvPBGpaCwe9TghPkcDQfsUI22owD72GhedIOslPPdvzQ2LR2BXnKozDbgM3AJUQBHNwP7pRTFOOREaM6SU5zqJ9jMkNcWM5OVeqkiC8AgNiGegQJwoP5sKyOGZYSLYj6U5QsMp+7cjQ1ypMQ9NJUd6qBZzE/K/nJfq/o2fUZGkmgg8G9RPGdQxnLgBIyoJ1mxsAMKSml0hHiKJsDaezU1RRtSQRHNCMvOpMvuXjVvuojfLoH1Zda+qtYdapX5X+FYCJ+AUnAMXXIM6aIAmaAEMcvAMXsGb9WK9Wx/W16x0xSp6jsBcWN+/KHWnjQ==</latexit>

[H,W±] = ±W±

<latexit sha1_base64="dpiuOJr66+XgsWpbZlN5EAbXryQ=">AAACJXicbVDLSsNAFJ3UV62vaJdugkUQxJJIUTdC0Y3LCvYBbQyTyW06dPJgZiKEkG9xqX6MOxFc+SFunLZZ2NYDA4dz7p1773FjRoU0zS+ttLK6tr5R3qxsbe/s7un7Bx0RJZxAm0Qs4j0XC2A0hLakkkEv5oADl0HXHd9O/O4TcEGj8EGmMdgB9kM6pARLJTl6tetkp/l193HgYd8H7mRnuaPXzLo5hbFMrILUUIGWo/8MvIgkAYSSMCxE3zJjaWeYS0oY5JVBIiDGZIx96Csa4gCEnU2Xz41jpXjGMOLqhdKYqn87MhwIkQauqgywHIlFbyL+5/UTObyyMxrGiYSQzAYNE2bIyJgkYXiUA5EsVQQTTtWuBhlhjolUec1NEeqoEXhzh2TqU6H2r6i0rMVslknnvG5d1Bv3jVrzpsitjA7RETpBFrpETXSHWqiNCErRM3pFb9qL9q59aJ+z0pJW9FTRHLTvX/vJpeo=</latexit>

W+ = W †
�

<latexit sha1_base64="Gi1CiosWtUiWcWqlB9bg3D2k8Gw=">AAACJnicbVDLSsNAFJ3UV62v+Ni5GSyCIC1JKepCoejGZQXbFNoYJpNpO3QyCTMToYb+i0v1Y9yJuPM/3Dhts7CtBwYO59w7997jx4xKZVlfRm5peWV1Lb9e2Njc2t4xd/eaMkoEJg0csUi0fCQJo5w0FFWMtGJBUOgz4viDm7HvPBIhacTv1TAmboh6nHYpRkpLnnngeJ0weahclRwvPR05XgleWp5ZtMrWBHCR2Bkpggx1z/zpBBFOQsIVZkjKtm3Fyk2RUBQzMip0EklihAeoR9qachQS6aaT7UfwWCsB7EZCP67gRP3bkaJQymHo68oQqb6c98bif147Ud0LN6U8ThTheDqomzCoIjiOAgZUEKzYUBOEBdW7QtxHAmGlA5uZIvVRfRLMHJLqT6Xev6DTsuezWSTNStk+K1fvqsXadZZbHhyCI3ACbHAOauAW1EEDYPAEnsEreDNejHfjw/icluaMrGcfzMD4/gWtjaUV</latexit>

W 2
µ = �W+W� < 0

<latexit sha1_base64="Yl2vbQ1WKgjUzFL4UrsFdXuSXSU=">AAACIXicbVDLSsNAFJ3UV62PRl26GSyCoJZEiroRim5cVrAPSEOYTCbt0MkkzEyEEvIlLtWPcSfuxE9x47TNwrZemOFw7uvc4yeMSmVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmnApM2jlksej6ShFFO2ooqRnqJICjyGen6o7tJvvtEhKQxf1TjhLgRGnAaUoyUpjyz6nS97DQ/0/957t5Ynlmz6tY04DKwC1ADRbQ886cfxDiNCFeYISkd20qUmyGhKGYkr/RTSRKER2hAHA05ioh0s6nwHB5rJoBhLPTjCk7Zvx0ZiqQcR76ujJAaysXchPwv56QqvHYzypNUEY5ni8KUQRXDiQswoIJgxcYaICyo1grxEAmElfZqbovURw1JMHdIpodKrb+i3bIXvVkGnYu6fVlvPDRqzdvCtzI4BEfgBNjgCjTBPWiBNsAgBc/gFbwZL8a78WF8zkpLRtFzAObC+P4F2Dujsg==</latexit>

[W+,W�] = 0

<latexit sha1_base64="bOZYWLyc6mL0wapsXmcqTR4FJLo=">AAACJ3icbVDLSsNAFJ3UV62vqLhyEyyCq5JIUTdC0U2XFewD2lAmk5tm6GQSZiZCif0Yl+rHuBNd+h1unLZBbOuBgcM5986993gJo1LZ9qdRWFldW98obpa2tnd298z9g5aMU0GgSWIWi46HJTDKoamoYtBJBODIY9D2hrcTv/0AQtKY36tRAm6EB5wGlGClpb55VH8MewLzAYPr8Jf2zbJdsaewlomTkzLK0eib3z0/JmkEXBGGpew6dqLcDAtFCYNxqZdKSDAZ4gF0NeU4Aulm0/XH1qlWfCuIhX5cWVP1b0eGIylHkacrI6xCuehNxP+8bqqCKzejPEkVcDIbFKTMUrE1ycLyqQCi2EgTTATVu1okxAITpRObmyL1USH4c4dk+lOp9y/ptJzFbJZJ67ziXFSqd9Vy7SbPrYiO0Qk6Qw66RDVURw3URARl6Am9oFfj2Xgz3o2PWWnByHsO0RyMrx+EbKdI</latexit>

H|hi = h|hi

<latexit sha1_base64="KTSkSuVD66vxhE4BksiYutyrPqA=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwVRIp6rLoxmUF+4AmlMnkphk6mYSZiVBif8Ol+jHuxK3gt7hx2mZhWw8MHM65d+69x085U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgkkxTaNOGJ7PlEAWcC2pppDr1UAol9Dl1/dDv1u48gFUvEgx6n4MVkKFjIKNFGcp9whF1JxJADHlRrdt2eAa8SpyA1VKA1qP64QUKzGISmnCjVd+xUezmRmlEOk4qbKUgJHZEh9A0VJAbl5bOdJ/jMKAEOE2me0Him/u3ISazUOPZNZUx0pJa9qfif1890eO3lTKSZBkHng8KMY53gaQA4YBKo5mNDCJXM7IppRCSh2sS0MEWZoyIIFg7JzafK7F8xaTnL2aySzkXduaw37hu15k2RWxmdoFN0jhx0hZroDrVQG1GUomf0it6sF+vd+rA+56Ulq+g5Rguwvn4BUkiidw==</latexit>

|hi
<latexit sha1_base64="mBfefOkMUExgEhVC+Rtv+r/0BlI=">AAACHnicbVDLSsNAFJ3UV62vqks3g0UQhJJIUZdFNy4r2Ae0sUwmN83QySTMTIQS+x8u1Y9xJ271W9w4bbOwrQcGDufcO/fe4yWcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFScSgpNGvNYdjyigDMBTc00h04igUQeh7Y3vJn47UeQisXiXo8ScCMyECxglGgjPTzhEJ85PUnEgAPulyt21Z4CLxMnJxWUo9Ev//T8mKYRCE05Uarr2Il2MyI1oxzGpV6qICF0SAbQNVSQCJSbTbce4xOj+DiIpXlC46n6tyMjkVKjyDOVEdGhWvQm4n9eN9XBlZsxkaQaBJ0NClKOdYwnEWCfSaCajwwhVDKzK6YhkYRqE9TcFGWOCsGfOyQznyqzf8mk5Sxms0xa51Xnolq7q1Xq13luRXSEjtEpctAlqqNb1EBNRJFEz+gVvVkv1rv1YX3OSgtW3nOI5mB9/QI8HqLn</latexit>

|h+ 1i
<latexit sha1_base64="OCy3Eo6Pg1FX3qn2dT12WQbfuwc=">AAACHnicbVDLTsMwEHTKq5RXgSMXiwqJC1WCKuBYwYVjkehDakPlOJvGquNEtoNUhf4HR+BjuCGu8C1ccNscaMtIlkYzu97d8RLOlLbtb6uwsrq2vlHcLG1t7+zulfcPWipOJYUmjXksOx5RwJmApmaaQyeRQCKPQ9sb3kz89iNIxWJxr0cJuBEZCBYwSrSRHp5wiM+cniRiwAH3yxW7ak+Bl4mTkwrK0eiXf3p+TNMIhKacKNV17ES7GZGaUQ7jUi9VkBA6JAPoGipIBMrNpluP8YlRfBzE0jyh8VT925GRSKlR5JnKiOhQLXoT8T+vm+rgys2YSFINgs4GBSnHOsaTCLDPJFDNR4YQKpnZFdOQSEK1CWpuijJHheDPHZKZT5XZv2TSchazWSat86pzUa3d1Sr16zy3IjpCx+gUOegS1dEtaqAmokiiZ/SK3qwX6936sD5npQUr7zlEc7C+fgE/iqLp</latexit>

|h� 1i ……
<latexit sha1_base64="JHxuKKu7eGmXb4WTvLAamkpT81s=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUBIp6rLoxmUF+4A2hMnkth06mYSZSaGE/olL9WPciSvBP3HjNM3Ctl64cDj3ce49QcKZ0o7zZa2tb2xubZd2yrt7+weH9tFxS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej+1m9PQapWCye9CQBLyIDwfqMEm0o37Z7+Y4s4ClMcdu/9O2KU3XywKvALUAFFdHw7Z9eGNM0AqEpJ0p1XSfRXkakZpTDtNxLFSSEjsgAugYKEoHyslx1is8NE+J+LE0KjXP270RGIqUmUWA6I6KHark2I/+rdVPdv/UyJpJUg6BzoX7KsY7xzAYcMglU84kBhEpmbsV0SCSh2pi1oKLMU0MIFx7JzFJl7i8bt9xlb1ZB66rqXldrj7VK/a7wrYRO0Rm6QC66QXX0gBqoiSgao2f0it6sF+vd+rA+561rVjFzghbC+v4F3Zyk0w==</latexit>

W+

<latexit sha1_base64="X0L+CATDZ9R8IZwS1xIw7Kgs0A0=">AAACI3icbVDLSsNAFJ3UV62vVJduBovgxpJIUZdFNy4r2Ae0IUwmN+3QyYOZiVJCP8Wl+jHuxI0Lv8SN0zQL23rhwuHcx7n3eAlnUlnWl1FaW9/Y3CpvV3Z29/YPzOphR8apoNCmMY9FzyMSOIugrZji0EsEkNDj0PXGt7N69xGEZHH0oCYJOCEZRixglChNuWZ1kO/IPJ7CtOtm51PXrFl1Kw+8CuwC1FARLdf8GfgxTUOIFOVEyr5tJcrJiFCMcphWBqmEhNAxGUJfw4iEIJ0sl53iU834OIiFzkjhnP07kZFQykno6c6QqJFcrs3I/2r9VAXXTsaiJFUQ0blQkHKsYjzzAftMAFV8ogGhgulbMR0RQajSbi2oSP3UCPyFRzK9VOr7K9ote9mbVdC5qNuX9cZ9o9a8KXwro2N0gs6Qja5QE92hFmojip7QM3pFb8aL8W58GJ/z1pJRzByhhTC+fwF3oKW3</latexit>

W�

<latexit sha1_base64="JHxuKKu7eGmXb4WTvLAamkpT81s=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUBIp6rLoxmUF+4A2hMnkth06mYSZSaGE/olL9WPciSvBP3HjNM3Ctl64cDj3ce49QcKZ0o7zZa2tb2xubZd2yrt7+weH9tFxS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej+1m9PQapWCye9CQBLyIDwfqMEm0o37Z7+Y4s4ClMcdu/9O2KU3XywKvALUAFFdHw7Z9eGNM0AqEpJ0p1XSfRXkakZpTDtNxLFSSEjsgAugYKEoHyslx1is8NE+J+LE0KjXP270RGIqUmUWA6I6KHark2I/+rdVPdv/UyJpJUg6BzoX7KsY7xzAYcMglU84kBhEpmbsV0SCSh2pi1oKLMU0MIFx7JzFJl7i8bt9xlb1ZB66rqXldrj7VK/a7wrYRO0Rm6QC66QXX0gBqoiSgao2f0it6sF+vd+rA+561rVjFzghbC+v4F3Zyk0w==</latexit>

W+

<latexit sha1_base64="X0L+CATDZ9R8IZwS1xIw7Kgs0A0=">AAACI3icbVDLSsNAFJ3UV62vVJduBovgxpJIUZdFNy4r2Ae0IUwmN+3QyYOZiVJCP8Wl+jHuxI0Lv8SN0zQL23rhwuHcx7n3eAlnUlnWl1FaW9/Y3CpvV3Z29/YPzOphR8apoNCmMY9FzyMSOIugrZji0EsEkNDj0PXGt7N69xGEZHH0oCYJOCEZRixglChNuWZ1kO/IPJ7CtOtm51PXrFl1Kw+8CuwC1FARLdf8GfgxTUOIFOVEyr5tJcrJiFCMcphWBqmEhNAxGUJfw4iEIJ0sl53iU834OIiFzkjhnP07kZFQykno6c6QqJFcrs3I/2r9VAXXTsaiJFUQ0blQkHKsYjzzAftMAFV8ogGhgulbMR0RQajSbi2oSP3UCPyFRzK9VOr7K9ote9mbVdC5qNuX9cZ9o9a8KXwro2N0gs6Qja5QE92hFmojip7QM3pFb8aL8W58GJ/z1pJRzByhhTC+fwF3oKW3</latexit>

W�

<latexit sha1_base64="JHxuKKu7eGmXb4WTvLAamkpT81s=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUBIp6rLoxmUF+4A2hMnkth06mYSZSaGE/olL9WPciSvBP3HjNM3Ctl64cDj3ce49QcKZ0o7zZa2tb2xubZd2yrt7+weH9tFxS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej+1m9PQapWCye9CQBLyIDwfqMEm0o37Z7+Y4s4ClMcdu/9O2KU3XywKvALUAFFdHw7Z9eGNM0AqEpJ0p1XSfRXkakZpTDtNxLFSSEjsgAugYKEoHyslx1is8NE+J+LE0KjXP270RGIqUmUWA6I6KHark2I/+rdVPdv/UyJpJUg6BzoX7KsY7xzAYcMglU84kBhEpmbsV0SCSh2pi1oKLMU0MIFx7JzFJl7i8bt9xlb1ZB66rqXldrj7VK/a7wrYRO0Rm6QC66QXX0gBqoiSgao2f0it6sF+vd+rA+561rVjFzghbC+v4F3Zyk0w==</latexit>

W+

<latexit sha1_base64="X0L+CATDZ9R8IZwS1xIw7Kgs0A0=">AAACI3icbVDLSsNAFJ3UV62vVJduBovgxpJIUZdFNy4r2Ae0IUwmN+3QyYOZiVJCP8Wl+jHuxI0Lv8SN0zQL23rhwuHcx7n3eAlnUlnWl1FaW9/Y3CpvV3Z29/YPzOphR8apoNCmMY9FzyMSOIugrZji0EsEkNDj0PXGt7N69xGEZHH0oCYJOCEZRixglChNuWZ1kO/IPJ7CtOtm51PXrFl1Kw+8CuwC1FARLdf8GfgxTUOIFOVEyr5tJcrJiFCMcphWBqmEhNAxGUJfw4iEIJ0sl53iU834OIiFzkjhnP07kZFQykno6c6QqJFcrs3I/2r9VAXXTsaiJFUQ0blQkHKsYjzzAftMAFV8ogGhgulbMR0RQajSbi2oSP3UCPyFRzK9VOr7K9ote9mbVdC5qNuX9cZ9o9a8KXwro2N0gs6Qja5QE92hFmojip7QM3pFb8aL8W58GJ/z1pJRzByhhTC+fwF3oKW3</latexit>

W�

<latexit sha1_base64="JHxuKKu7eGmXb4WTvLAamkpT81s=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUBIp6rLoxmUF+4A2hMnkth06mYSZSaGE/olL9WPciSvBP3HjNM3Ctl64cDj3ce49QcKZ0o7zZa2tb2xubZd2yrt7+weH9tFxS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej+1m9PQapWCye9CQBLyIDwfqMEm0o37Z7+Y4s4ClMcdu/9O2KU3XywKvALUAFFdHw7Z9eGNM0AqEpJ0p1XSfRXkakZpTDtNxLFSSEjsgAugYKEoHyslx1is8NE+J+LE0KjXP270RGIqUmUWA6I6KHark2I/+rdVPdv/UyJpJUg6BzoX7KsY7xzAYcMglU84kBhEpmbsV0SCSh2pi1oKLMU0MIFx7JzFJl7i8bt9xlb1ZB66rqXldrj7VK/a7wrYRO0Rm6QC66QXX0gBqoiSgao2f0it6sF+vd+rA+561rVjFzghbC+v4F3Zyk0w==</latexit>

W+

<latexit sha1_base64="X0L+CATDZ9R8IZwS1xIw7Kgs0A0=">AAACI3icbVDLSsNAFJ3UV62vVJduBovgxpJIUZdFNy4r2Ae0IUwmN+3QyYOZiVJCP8Wl+jHuxI0Lv8SN0zQL23rhwuHcx7n3eAlnUlnWl1FaW9/Y3CpvV3Z29/YPzOphR8apoNCmMY9FzyMSOIugrZji0EsEkNDj0PXGt7N69xGEZHH0oCYJOCEZRixglChNuWZ1kO/IPJ7CtOtm51PXrFl1Kw+8CuwC1FARLdf8GfgxTUOIFOVEyr5tJcrJiFCMcphWBqmEhNAxGUJfw4iEIJ0sl53iU834OIiFzkjhnP07kZFQykno6c6QqJFcrs3I/2r9VAXXTsaiJFUQ0blQkHKsYjzzAftMAFV8ogGhgulbMR0RQajSbi2oSP3UCPyFRzK9VOr7K9ote9mbVdC5qNuX9cZ9o9a8KXwro2N0gs6Qja5QE92hFmojip7QM3pFb8aL8W58GJ/z1pJRzByhhTC+fwF3oKW3</latexit>

W�

Fourier



-Basis  vs  -BasisH θ

<latexit sha1_base64="S8NJhmh+MpNsIdl7QwGpGeAlsHg="></latexit>

|hi =
Z 2⇡

0

d✓

2⇡
eih✓|✓i

<latexit sha1_base64="IlWTF7UWpjUc6lJ7It0gJHE2MyQ="></latexit>

|✓i =
1X

h=�1
e�ih✓|hi

<latexit sha1_base64="ztbe3Pm2rUpOFoLjuWDbAv1qZi4="></latexit>

W±|✓i = µe±i✓|✓i = µ±|✓i
<latexit sha1_base64="9rhX9Z37qcIruktgB30sqCAyYUI="></latexit>

H|✓i = i
d

d✓
|✓i

<latexit sha1_base64="5zRu6vvJBPuLt57na346IVCrgJY="></latexit>

W+W�|✓i = µ2|✓i

ISO2-translat.=phase mult. ISO2-rotat.=rotate
<latexit sha1_base64="VmNUR2K/UuG5QP4sEmrcVIkAV1I="></latexit>

e�i!H |✓i = |✓ + !i
<latexit sha1_base64="0jRT1/128lrB2YAbtlOeGUFshVc="></latexit>

ei↵⌥W± |✓i = ei(↵⌥·µ±)|✓i

states labelled by an angle
<latexit sha1_base64="m2GTuzpoPpYRG+6j5iPbTatzg5A=">AAACFnicbVBNS8NAEN3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabSbt2swm7E6GE/geP6o/xJl69+lu8uG1zsK0PFh5vZnbePD8RXKPjfFuFtfWNza3idmlnd2//oHx41NJxqhg0WSxi1fGpBsElNJGjgE6igEa+gLY/up3W20+gNI/lA44T8CI6kDzkjKKRWj0cAtJ+ueJUnRnsVeLmpEJyNPrln14QszQCiUxQrbuuk6CXUYWcCZiUeqmGhLIRHUDXUEkj0F42czuxz4wS2GGszJNoz9S/ExmNtB5HvumMKA71cm0q/lfrphheexmXSYog2XxRmAobY3t6uh1wBQzF2BDKFDdebTakijI0AS1s0eaoIQQLh2TmU238l0xa7nI2q6R1UXUvq7X7WqV+k+dWJCfklJwTl1yROrkjDdIkjDySZ/JK3qwX6936sD7nrQUrnzkmC7C+fgGeIKCU</latexit>

✓

<latexit sha1_base64="inzvVryI34O3ZhY6AvvVlDHKhi4=">AAACE3icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2ge0Q8lkMm1okhmSjFCGfoJL9WPciVs/wG9xY9rOwrYeCBzOvTf33BMknGnjut9OYW19Y3OruF3a2d3bPygfHrV0nCpCmyTmseoEWFPOJG0aZjjtJIpiEXDaDka303r7iSrNYvloxgn1BR5IFjGCjZUeeiLtlytu1Z0BrRIvJxXI0eiXf3phTFJBpSEca9313MT4GVaGEU4npV6qaYLJCA9o11KJBdV+NrM6QWdWCVEUK/ukQTP170SGhdZjEdhOgc1QL9em4n+1bmqiaz9jMkkNlWS+KEo5MjGa3o1CpigxfGwJJopZr4gMscLE2HQWtmh71JCGC4dk9lNt/ZdsWt5yNqukdVH1Lqu1+1qlfpPnVoQTOIVz8OAK6nAHDWgCgQE8wyu8OS/Ou/PhfM5bC04+cwwLcL5+ASW4n0I=</latexit>µ

<latexit sha1_base64="pzUNnyMjhN9YJfpKUJMAIOwCopY=">AAACKXicbVC7TsMwFHV4lvIKMDCwWFRIDKhKUAUsSBUsHYtEH1IaRY7jtlZtJ7IdpCrK1zACH8MGrHwGC26bgbZcydbxuff63nPChFGlHefTWlldW9/YLG2Vt3d29/btg8O2ilOJSQvHLJbdECnCqCAtTTUj3UQSxENGOuHofpLvPBGpaCwe9TghPkcDQfsUI22owD72GhedIOslPPdvzQ2LR2BXnKozDbgM3AJUQBHNwP7pRTFOOREaM6SU5zqJ9jMkNcWM5OVeqkiC8AgNiGegQJwoP5sKyOGZYSLYj6U5QsMp+7cjQ1ypMQ9NJUd6qBZzE/K/nJfq/o2fUZGkmgg8G9RPGdQxnLgBIyoJ1mxsAMKSml0hHiKJsDaezU1RRtSQRHNCMvOpMvuXjVvuojfLoH1Zda+qtYdapX5X+FYCJ+AUnAMXXIM6aIAmaAEMcvAMXsGb9WK9Wx/W16x0xSp6jsBcWN+/KHWnjQ==</latexit>

[H,W±] = ±W±

<latexit sha1_base64="dpiuOJr66+XgsWpbZlN5EAbXryQ=">AAACJXicbVDLSsNAFJ3UV62vaJdugkUQxJJIUTdC0Y3LCvYBbQyTyW06dPJgZiKEkG9xqX6MOxFc+SFunLZZ2NYDA4dz7p1773FjRoU0zS+ttLK6tr5R3qxsbe/s7un7Bx0RJZxAm0Qs4j0XC2A0hLakkkEv5oADl0HXHd9O/O4TcEGj8EGmMdgB9kM6pARLJTl6tetkp/l193HgYd8H7mRnuaPXzLo5hbFMrILUUIGWo/8MvIgkAYSSMCxE3zJjaWeYS0oY5JVBIiDGZIx96Csa4gCEnU2Xz41jpXjGMOLqhdKYqn87MhwIkQauqgywHIlFbyL+5/UTObyyMxrGiYSQzAYNE2bIyJgkYXiUA5EsVQQTTtWuBhlhjolUec1NEeqoEXhzh2TqU6H2r6i0rMVslknnvG5d1Bv3jVrzpsitjA7RETpBFrpETXSHWqiNCErRM3pFb9qL9q59aJ+z0pJW9FTRHLTvX/vJpeo=</latexit>

W+ = W †
�

<latexit sha1_base64="Gi1CiosWtUiWcWqlB9bg3D2k8Gw=">AAACJnicbVDLSsNAFJ3UV62v+Ni5GSyCIC1JKepCoejGZQXbFNoYJpNpO3QyCTMToYb+i0v1Y9yJuPM/3Dhts7CtBwYO59w7997jx4xKZVlfRm5peWV1Lb9e2Njc2t4xd/eaMkoEJg0csUi0fCQJo5w0FFWMtGJBUOgz4viDm7HvPBIhacTv1TAmboh6nHYpRkpLnnngeJ0weahclRwvPR05XgleWp5ZtMrWBHCR2Bkpggx1z/zpBBFOQsIVZkjKtm3Fyk2RUBQzMip0EklihAeoR9qachQS6aaT7UfwWCsB7EZCP67gRP3bkaJQymHo68oQqb6c98bif147Ud0LN6U8ThTheDqomzCoIjiOAgZUEKzYUBOEBdW7QtxHAmGlA5uZIvVRfRLMHJLqT6Xev6DTsuezWSTNStk+K1fvqsXadZZbHhyCI3ACbHAOauAW1EEDYPAEnsEreDNejHfjw/icluaMrGcfzMD4/gWtjaUV</latexit>

W 2
µ = �W+W� < 0

<latexit sha1_base64="Yl2vbQ1WKgjUzFL4UrsFdXuSXSU=">AAACIXicbVDLSsNAFJ3UV62PRl26GSyCoJZEiroRim5cVrAPSEOYTCbt0MkkzEyEEvIlLtWPcSfuxE9x47TNwrZemOFw7uvc4yeMSmVZX0ZpZXVtfaO8Wdna3tmtmnv7HRmnApM2jlksej6ShFFO2ooqRnqJICjyGen6o7tJvvtEhKQxf1TjhLgRGnAaUoyUpjyz6nS97DQ/0/957t5Ynlmz6tY04DKwC1ADRbQ886cfxDiNCFeYISkd20qUmyGhKGYkr/RTSRKER2hAHA05ioh0s6nwHB5rJoBhLPTjCk7Zvx0ZiqQcR76ujJAaysXchPwv56QqvHYzypNUEY5ni8KUQRXDiQswoIJgxcYaICyo1grxEAmElfZqbovURw1JMHdIpodKrb+i3bIXvVkGnYu6fVlvPDRqzdvCtzI4BEfgBNjgCjTBPWiBNsAgBc/gFbwZL8a78WF8zkpLRtFzAObC+P4F2Dujsg==</latexit>

[W+,W�] = 0

<latexit sha1_base64="bOZYWLyc6mL0wapsXmcqTR4FJLo=">AAACJ3icbVDLSsNAFJ3UV62vqLhyEyyCq5JIUTdC0U2XFewD2lAmk5tm6GQSZiZCif0Yl+rHuBNd+h1unLZBbOuBgcM5986993gJo1LZ9qdRWFldW98obpa2tnd298z9g5aMU0GgSWIWi46HJTDKoamoYtBJBODIY9D2hrcTv/0AQtKY36tRAm6EB5wGlGClpb55VH8MewLzAYPr8Jf2zbJdsaewlomTkzLK0eib3z0/JmkEXBGGpew6dqLcDAtFCYNxqZdKSDAZ4gF0NeU4Aulm0/XH1qlWfCuIhX5cWVP1b0eGIylHkacrI6xCuehNxP+8bqqCKzejPEkVcDIbFKTMUrE1ycLyqQCi2EgTTATVu1okxAITpRObmyL1USH4c4dk+lOp9y/ptJzFbJZJ67ziXFSqd9Vy7SbPrYiO0Qk6Qw66RDVURw3URARl6Am9oFfj2Xgz3o2PWWnByHsO0RyMrx+EbKdI</latexit>

H|hi = h|hi

<latexit sha1_base64="KTSkSuVD66vxhE4BksiYutyrPqA=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwVRIp6rLoxmUF+4AmlMnkphk6mYSZiVBif8Ol+jHuxK3gt7hx2mZhWw8MHM65d+69x085U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgkkxTaNOGJ7PlEAWcC2pppDr1UAol9Dl1/dDv1u48gFUvEgx6n4MVkKFjIKNFGcp9whF1JxJADHlRrdt2eAa8SpyA1VKA1qP64QUKzGISmnCjVd+xUezmRmlEOk4qbKUgJHZEh9A0VJAbl5bOdJ/jMKAEOE2me0Him/u3ISazUOPZNZUx0pJa9qfif1890eO3lTKSZBkHng8KMY53gaQA4YBKo5mNDCJXM7IppRCSh2sS0MEWZoyIIFg7JzafK7F8xaTnL2aySzkXduaw37hu15k2RWxmdoFN0jhx0hZroDrVQG1GUomf0it6sF+vd+rA+56Ulq+g5Rguwvn4BUkiidw==</latexit>

|hi
<latexit sha1_base64="mBfefOkMUExgEhVC+Rtv+r/0BlI=">AAACHnicbVDLSsNAFJ3UV62vqks3g0UQhJJIUZdFNy4r2Ae0sUwmN83QySTMTIQS+x8u1Y9xJ271W9w4bbOwrQcGDufcO/fe4yWcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFScSgpNGvNYdjyigDMBTc00h04igUQeh7Y3vJn47UeQisXiXo8ScCMyECxglGgjPTzhEJ85PUnEgAPulyt21Z4CLxMnJxWUo9Ev//T8mKYRCE05Uarr2Il2MyI1oxzGpV6qICF0SAbQNVSQCJSbTbce4xOj+DiIpXlC46n6tyMjkVKjyDOVEdGhWvQm4n9eN9XBlZsxkaQaBJ0NClKOdYwnEWCfSaCajwwhVDKzK6YhkYRqE9TcFGWOCsGfOyQznyqzf8mk5Sxms0xa51Xnolq7q1Xq13luRXSEjtEpctAlqqNb1EBNRJFEz+gVvVkv1rv1YX3OSgtW3nOI5mB9/QI8HqLn</latexit>

|h+ 1i
<latexit sha1_base64="OCy3Eo6Pg1FX3qn2dT12WQbfuwc=">AAACHnicbVDLTsMwEHTKq5RXgSMXiwqJC1WCKuBYwYVjkehDakPlOJvGquNEtoNUhf4HR+BjuCGu8C1ccNscaMtIlkYzu97d8RLOlLbtb6uwsrq2vlHcLG1t7+zulfcPWipOJYUmjXksOx5RwJmApmaaQyeRQCKPQ9sb3kz89iNIxWJxr0cJuBEZCBYwSrSRHp5wiM+cniRiwAH3yxW7ak+Bl4mTkwrK0eiXf3p+TNMIhKacKNV17ES7GZGaUQ7jUi9VkBA6JAPoGipIBMrNpluP8YlRfBzE0jyh8VT925GRSKlR5JnKiOhQLXoT8T+vm+rgys2YSFINgs4GBSnHOsaTCLDPJFDNR4YQKpnZFdOQSEK1CWpuijJHheDPHZKZT5XZv2TSchazWSat86pzUa3d1Sr16zy3IjpCx+gUOegS1dEtaqAmokiiZ/SK3qwX6936sD5npQUr7zlEc7C+fgE/iqLp</latexit>

|h� 1i ……
<latexit sha1_base64="JHxuKKu7eGmXb4WTvLAamkpT81s=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUBIp6rLoxmUF+4A2hMnkth06mYSZSaGE/olL9WPciSvBP3HjNM3Ctl64cDj3ce49QcKZ0o7zZa2tb2xubZd2yrt7+weH9tFxS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej+1m9PQapWCye9CQBLyIDwfqMEm0o37Z7+Y4s4ClMcdu/9O2KU3XywKvALUAFFdHw7Z9eGNM0AqEpJ0p1XSfRXkakZpTDtNxLFSSEjsgAugYKEoHyslx1is8NE+J+LE0KjXP270RGIqUmUWA6I6KHark2I/+rdVPdv/UyJpJUg6BzoX7KsY7xzAYcMglU84kBhEpmbsV0SCSh2pi1oKLMU0MIFx7JzFJl7i8bt9xlb1ZB66rqXldrj7VK/a7wrYRO0Rm6QC66QXX0gBqoiSgao2f0it6sF+vd+rA+561rVjFzghbC+v4F3Zyk0w==</latexit>

W+

<latexit sha1_base64="X0L+CATDZ9R8IZwS1xIw7Kgs0A0=">AAACI3icbVDLSsNAFJ3UV62vVJduBovgxpJIUZdFNy4r2Ae0IUwmN+3QyYOZiVJCP8Wl+jHuxI0Lv8SN0zQL23rhwuHcx7n3eAlnUlnWl1FaW9/Y3CpvV3Z29/YPzOphR8apoNCmMY9FzyMSOIugrZji0EsEkNDj0PXGt7N69xGEZHH0oCYJOCEZRixglChNuWZ1kO/IPJ7CtOtm51PXrFl1Kw+8CuwC1FARLdf8GfgxTUOIFOVEyr5tJcrJiFCMcphWBqmEhNAxGUJfw4iEIJ0sl53iU834OIiFzkjhnP07kZFQykno6c6QqJFcrs3I/2r9VAXXTsaiJFUQ0blQkHKsYjzzAftMAFV8ogGhgulbMR0RQajSbi2oSP3UCPyFRzK9VOr7K9ote9mbVdC5qNuX9cZ9o9a8KXwro2N0gs6Qja5QE92hFmojip7QM3pFb8aL8W58GJ/z1pJRzByhhTC+fwF3oKW3</latexit>

W�

<latexit sha1_base64="JHxuKKu7eGmXb4WTvLAamkpT81s=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUBIp6rLoxmUF+4A2hMnkth06mYSZSaGE/olL9WPciSvBP3HjNM3Ctl64cDj3ce49QcKZ0o7zZa2tb2xubZd2yrt7+weH9tFxS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej+1m9PQapWCye9CQBLyIDwfqMEm0o37Z7+Y4s4ClMcdu/9O2KU3XywKvALUAFFdHw7Z9eGNM0AqEpJ0p1XSfRXkakZpTDtNxLFSSEjsgAugYKEoHyslx1is8NE+J+LE0KjXP270RGIqUmUWA6I6KHark2I/+rdVPdv/UyJpJUg6BzoX7KsY7xzAYcMglU84kBhEpmbsV0SCSh2pi1oKLMU0MIFx7JzFJl7i8bt9xlb1ZB66rqXldrj7VK/a7wrYRO0Rm6QC66QXX0gBqoiSgao2f0it6sF+vd+rA+561rVjFzghbC+v4F3Zyk0w==</latexit>

W+

<latexit sha1_base64="X0L+CATDZ9R8IZwS1xIw7Kgs0A0=">AAACI3icbVDLSsNAFJ3UV62vVJduBovgxpJIUZdFNy4r2Ae0IUwmN+3QyYOZiVJCP8Wl+jHuxI0Lv8SN0zQL23rhwuHcx7n3eAlnUlnWl1FaW9/Y3CpvV3Z29/YPzOphR8apoNCmMY9FzyMSOIugrZji0EsEkNDj0PXGt7N69xGEZHH0oCYJOCEZRixglChNuWZ1kO/IPJ7CtOtm51PXrFl1Kw+8CuwC1FARLdf8GfgxTUOIFOVEyr5tJcrJiFCMcphWBqmEhNAxGUJfw4iEIJ0sl53iU834OIiFzkjhnP07kZFQykno6c6QqJFcrs3I/2r9VAXXTsaiJFUQ0blQkHKsYjzzAftMAFV8ogGhgulbMR0RQajSbi2oSP3UCPyFRzK9VOr7K9ote9mbVdC5qNuX9cZ9o9a8KXwro2N0gs6Qja5QE92hFmojip7QM3pFb8aL8W58GJ/z1pJRzByhhTC+fwF3oKW3</latexit>

W�

<latexit sha1_base64="JHxuKKu7eGmXb4WTvLAamkpT81s=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUBIp6rLoxmUF+4A2hMnkth06mYSZSaGE/olL9WPciSvBP3HjNM3Ctl64cDj3ce49QcKZ0o7zZa2tb2xubZd2yrt7+weH9tFxS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej+1m9PQapWCye9CQBLyIDwfqMEm0o37Z7+Y4s4ClMcdu/9O2KU3XywKvALUAFFdHw7Z9eGNM0AqEpJ0p1XSfRXkakZpTDtNxLFSSEjsgAugYKEoHyslx1is8NE+J+LE0KjXP270RGIqUmUWA6I6KHark2I/+rdVPdv/UyJpJUg6BzoX7KsY7xzAYcMglU84kBhEpmbsV0SCSh2pi1oKLMU0MIFx7JzFJl7i8bt9xlb1ZB66rqXldrj7VK/a7wrYRO0Rm6QC66QXX0gBqoiSgao2f0it6sF+vd+rA+561rVjFzghbC+v4F3Zyk0w==</latexit>

W+

<latexit sha1_base64="X0L+CATDZ9R8IZwS1xIw7Kgs0A0=">AAACI3icbVDLSsNAFJ3UV62vVJduBovgxpJIUZdFNy4r2Ae0IUwmN+3QyYOZiVJCP8Wl+jHuxI0Lv8SN0zQL23rhwuHcx7n3eAlnUlnWl1FaW9/Y3CpvV3Z29/YPzOphR8apoNCmMY9FzyMSOIugrZji0EsEkNDj0PXGt7N69xGEZHH0oCYJOCEZRixglChNuWZ1kO/IPJ7CtOtm51PXrFl1Kw+8CuwC1FARLdf8GfgxTUOIFOVEyr5tJcrJiFCMcphWBqmEhNAxGUJfw4iEIJ0sl53iU834OIiFzkjhnP07kZFQykno6c6QqJFcrs3I/2r9VAXXTsaiJFUQ0blQkHKsYjzzAftMAFV8ogGhgulbMR0RQajSbi2oSP3UCPyFRzK9VOr7K9ote9mbVdC5qNuX9cZ9o9a8KXwro2N0gs6Qja5QE92hFmojip7QM3pFb8aL8W58GJ/z1pJRzByhhTC+fwF3oKW3</latexit>

W�

<latexit sha1_base64="JHxuKKu7eGmXb4WTvLAamkpT81s=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUBIp6rLoxmUF+4A2hMnkth06mYSZSaGE/olL9WPciSvBP3HjNM3Ctl64cDj3ce49QcKZ0o7zZa2tb2xubZd2yrt7+weH9tFxS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAej+1m9PQapWCye9CQBLyIDwfqMEm0o37Z7+Y4s4ClMcdu/9O2KU3XywKvALUAFFdHw7Z9eGNM0AqEpJ0p1XSfRXkakZpTDtNxLFSSEjsgAugYKEoHyslx1is8NE+J+LE0KjXP270RGIqUmUWA6I6KHark2I/+rdVPdv/UyJpJUg6BzoX7KsY7xzAYcMglU84kBhEpmbsV0SCSh2pi1oKLMU0MIFx7JzFJl7i8bt9xlb1ZB66rqXldrj7VK/a7wrYRO0Rm6QC66QXX0gBqoiSgao2f0it6sF+vd+rA+561rVjFzghbC+v4F3Zyk0w==</latexit>

W+

<latexit sha1_base64="X0L+CATDZ9R8IZwS1xIw7Kgs0A0=">AAACI3icbVDLSsNAFJ3UV62vVJduBovgxpJIUZdFNy4r2Ae0IUwmN+3QyYOZiVJCP8Wl+jHuxI0Lv8SN0zQL23rhwuHcx7n3eAlnUlnWl1FaW9/Y3CpvV3Z29/YPzOphR8apoNCmMY9FzyMSOIugrZji0EsEkNDj0PXGt7N69xGEZHH0oCYJOCEZRixglChNuWZ1kO/IPJ7CtOtm51PXrFl1Kw+8CuwC1FARLdf8GfgxTUOIFOVEyr5tJcrJiFCMcphWBqmEhNAxGUJfw4iEIJ0sl53iU834OIiFzkjhnP07kZFQykno6c6QqJFcrs3I/2r9VAXXTsaiJFUQ0blQkHKsYjzzAftMAFV8ogGhgulbMR0RQajSbi2oSP3UCPyFRzK9VOr7K9ote9mbVdC5qNuX9cZ9o9a8KXwro2N0gs6Qja5QE92hFmojip7QM3pFb8aL8W58GJ/z1pJRzByhhTC+fwF3oKW3</latexit>

W�

Fourier



On-shell Amplitudes



1. Lorentz invariance/Little group covariance 

2. Unitarity 

What is a Scattering Amplitude?



1. Lorentz invariance/Little group covariance 

2. Unitarity 

e.g. ordinary massless particles

<latexit sha1_base64="9oscUu0NniralqQ1qVt1Cg28LaU=">AAACU3icbVDLSsNAFJ3EqrW+qi7dBIvgxpJIUTdC1Y0boYJ9QBPLZHLTDp08mJkIJeR7/BqXKn5LN07bLNLWAwOHc+6de+9xY0aFNM1fTd8obW5tl3cqu3v7B4fVo+OOiBJOoE0iFvGeiwUwGkJbUsmgF3PAgcug644fZ373HbigUfgqJzE4AR6G1KcESyUNqvd2gOWIYJY+Z5cF/mZ7eDgEfkcLYtFP84JsUK2ZdXMOY51YOamhHK1BdWp7EUkCCCVhWIi+ZcbSSTGXlDDIKnYiIMZkjIfQVzTEAQgnnZ+aGedK8Qw/4uqF0pirxY4UB0JMAldVzpYVq95M/M/rJ9K/dVIaxomEkCwG+QkzZGTMcjM8yoFINlEEE07VrgYZYY6JVOkuTRHqqBF4S4ek6lOh9q+otKzVbNZJ56puXdcbL41a8yHPrYxO0Rm6QBa6QU30hFqojQj6QJ/oG/1oX9pU1/XSolTX8p4TtAR9/w8g5bej</latexit>

M�M† = iMM†

<latexit sha1_base64="G9/EDMiG95CA8eiy2YebCfKyzHg="></latexit>

Mh1...hn(⇤k1 . . .⇤kn) = eih1✓(⇤,k1) . . . eihn✓(⇤,kn)Mh1...hn(k1 . . . kn)

What is a Scattering Amplitude?



1. Lorentz invariance/Little group covariance 

2. Unitarity 

e.g. ordinary massless particles

<latexit sha1_base64="9oscUu0NniralqQ1qVt1Cg28LaU=">AAACU3icbVDLSsNAFJ3EqrW+qi7dBIvgxpJIUTdC1Y0boYJ9QBPLZHLTDp08mJkIJeR7/BqXKn5LN07bLNLWAwOHc+6de+9xY0aFNM1fTd8obW5tl3cqu3v7B4fVo+OOiBJOoE0iFvGeiwUwGkJbUsmgF3PAgcug644fZ373HbigUfgqJzE4AR6G1KcESyUNqvd2gOWIYJY+Z5cF/mZ7eDgEfkcLYtFP84JsUK2ZdXMOY51YOamhHK1BdWp7EUkCCCVhWIi+ZcbSSTGXlDDIKnYiIMZkjIfQVzTEAQgnnZ+aGedK8Qw/4uqF0pirxY4UB0JMAldVzpYVq95M/M/rJ9K/dVIaxomEkCwG+QkzZGTMcjM8yoFINlEEE07VrgYZYY6JVOkuTRHqqBF4S4ek6lOh9q+otKzVbNZJ56puXdcbL41a8yHPrYxO0Rm6QBa6QU30hFqojQj6QJ/oG/1oX9pU1/XSolTX8p4TtAR9/w8g5bej</latexit>

M�M† = iMM†

<latexit sha1_base64="G9/EDMiG95CA8eiy2YebCfKyzHg="></latexit>

Mh1...hn(⇤k1 . . .⇤kn) = eih1✓(⇤,k1) . . . eihn✓(⇤,kn)Mh1...hn(k1 . . . kn)

Step.1  trivialize kinematics by choosing right variables 
<latexit sha1_base64="EWcDJWZIJNpgMU1NQvEBayqBkRQ=">AAACMXicbVBNS8NAEN34WetX1aMHg0Wol5JIUS9C0YvHCrYVmhImm2m7uNmE3Y1QYo/+Go/qj+lNvPoTvLj9ONjWgYXHmzc7816QcKa04wytpeWV1bX13EZ+c2t7Z7ewt99QcSop1mnMY/kQgELOBNY10xwfEokQBRybwePNqN98QqlYLO51P8F2BF3BOoyCNpRfOPK4EYfgZx7wpAeDUuKz06tn5kkQXY5+oeiUnXHZi8CdgiKZVs0v/HhhTNMIhaYclGq5TqLbGUjNKMdB3ksVJkAfoYstAwVEqNrZ2MjAPjFMaHdiaZ7Q9pj9O5FBpFQ/CowyAt1T870R+V+vlerOZTtjIkk1CjpZ1Em5rWN7lIodMolU874BQCUzt9q0BxKoNtnNbFHGVA/DGSOZ+VSZ+/MmLXc+m0XQOCu75+XKXaVYvZ7mliOH5JiUiEsuSJXckhqpE0peyCt5Jx/WmzW0Pq2viXTJms4ckJmyvn8BX8irQw==</latexit>

�↵(pi) = |ii
<latexit sha1_base64="R3M3NzHIVduE/jyEVxKczcjrKbM="></latexit>

�̃↵̇(pi) = [i|
<latexit sha1_base64="tceAQNq2xuegC237AxhhkjrzyfA="></latexit>

�↵(p)�̃↵̇(p) = p↵↵̇
<latexit sha1_base64="omem+Zu5C5A7n674xffKmkiQuzg=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMU3bisYB+QhjKZ3LRDJ5M4MxFK2u9wqX6MO3Erfosbp20WtvXAwOGce+fee/yEM6Vt+9sqrKyurW8UN0tb2zu7e+X9g6aKU0mhQWMey7ZPFHAmoKGZ5tBOJJDI59DyB7cTv/UEUrFYPOhhAl5EeoKFjBJtJO96xDqSiB4Hl4265YpdtafAy8TJSQXlqHfLP50gpmkEQlNOlHIdO9FeRqRmlMO41EkVJIQOSA9cQwWJQHnZdOkxPjFKgMNYmic0nqp/OzISKTWMfFMZEd1Xi95E/M9zUx1eeRkTSapB0NmgMOVYx3iSAA6YBKr50BBCJTO7YtonklBtcpqbosxRfQjmDsnMp8rsXzJpOYvZLJPmWdW5qJ7fn1dqN3luRXSEjtEpctAlqqE7VEcNRNEjekav6M16sd6tD+tzVlqw8p5DNAfr6xdepqOf</latexit>

= |ii[i|

What is a Scattering Amplitude?



1. Lorentz invariance/Little group covariance 

2. Unitarity 

e.g. ordinary massless particles

<latexit sha1_base64="9oscUu0NniralqQ1qVt1Cg28LaU=">AAACU3icbVDLSsNAFJ3EqrW+qi7dBIvgxpJIUTdC1Y0boYJ9QBPLZHLTDp08mJkIJeR7/BqXKn5LN07bLNLWAwOHc+6de+9xY0aFNM1fTd8obW5tl3cqu3v7B4fVo+OOiBJOoE0iFvGeiwUwGkJbUsmgF3PAgcug644fZ373HbigUfgqJzE4AR6G1KcESyUNqvd2gOWIYJY+Z5cF/mZ7eDgEfkcLYtFP84JsUK2ZdXMOY51YOamhHK1BdWp7EUkCCCVhWIi+ZcbSSTGXlDDIKnYiIMZkjIfQVzTEAQgnnZ+aGedK8Qw/4uqF0pirxY4UB0JMAldVzpYVq95M/M/rJ9K/dVIaxomEkCwG+QkzZGTMcjM8yoFINlEEE07VrgYZYY6JVOkuTRHqqBF4S4ek6lOh9q+otKzVbNZJ56puXdcbL41a8yHPrYxO0Rm6QBa6QU30hFqojQj6QJ/oG/1oX9pU1/XSolTX8p4TtAR9/w8g5bej</latexit>

M�M† = iMM†

<latexit sha1_base64="G9/EDMiG95CA8eiy2YebCfKyzHg="></latexit>

Mh1...hn(⇤k1 . . .⇤kn) = eih1✓(⇤,k1) . . . eihn✓(⇤,kn)Mh1...hn(k1 . . . kn)

<latexit sha1_base64="zD+nqusVWLKX9Ch2hKMAVhgy/Ro="></latexit>

M(�↵(pi), �̃↵̇(pj)) = M(hiji, [ij]) -invariantSL(2,ℂ)
<latexit sha1_base64="EP1kDQ97DOOQk+auTldy+IjQTqY="></latexit>

M(w�1
i hiji, wi[i, j]) = w2hi

i M(hiji, [ij]) -homogenous2hi

<latexit sha1_base64="x5lITnMWcgkpGhQiyMkCp9NDgZo="></latexit>

⇤ �
↵ ��(p) = ei✓(⇤,p)/2�↵(⇤p) = w(⇤, p)�↵(⇤p)

<latexit sha1_base64="Lilixv35ktg6z5HH+9DOzIG6PXo="></latexit>

⇤̃ �̇
↵̇ �̃�̇(p) = e�i✓(⇤,p)/2�̃↵̇(⇤p) = w(⇤, p)�1�̃↵̇(⇤p)

Step.1  trivialize kinematics by choosing right variables 
<latexit sha1_base64="EWcDJWZIJNpgMU1NQvEBayqBkRQ=">AAACMXicbVBNS8NAEN34WetX1aMHg0Wol5JIUS9C0YvHCrYVmhImm2m7uNmE3Y1QYo/+Go/qj+lNvPoTvLj9ONjWgYXHmzc7816QcKa04wytpeWV1bX13EZ+c2t7Z7ewt99QcSop1mnMY/kQgELOBNY10xwfEokQBRybwePNqN98QqlYLO51P8F2BF3BOoyCNpRfOPK4EYfgZx7wpAeDUuKz06tn5kkQXY5+oeiUnXHZi8CdgiKZVs0v/HhhTNMIhaYclGq5TqLbGUjNKMdB3ksVJkAfoYstAwVEqNrZ2MjAPjFMaHdiaZ7Q9pj9O5FBpFQ/CowyAt1T870R+V+vlerOZTtjIkk1CjpZ1Em5rWN7lIodMolU874BQCUzt9q0BxKoNtnNbFHGVA/DGSOZ+VSZ+/MmLXc+m0XQOCu75+XKXaVYvZ7mliOH5JiUiEsuSJXckhqpE0peyCt5Jx/WmzW0Pq2viXTJms4ckJmyvn8BX8irQw==</latexit>

�↵(pi) = |ii
<latexit sha1_base64="R3M3NzHIVduE/jyEVxKczcjrKbM="></latexit>

�̃↵̇(pi) = [i|
<latexit sha1_base64="tceAQNq2xuegC237AxhhkjrzyfA="></latexit>

�↵(p)�̃↵̇(p) = p↵↵̇
<latexit sha1_base64="omem+Zu5C5A7n674xffKmkiQuzg=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMU3bisYB+QhjKZ3LRDJ5M4MxFK2u9wqX6MO3Erfosbp20WtvXAwOGce+fee/yEM6Vt+9sqrKyurW8UN0tb2zu7e+X9g6aKU0mhQWMey7ZPFHAmoKGZ5tBOJJDI59DyB7cTv/UEUrFYPOhhAl5EeoKFjBJtJO96xDqSiB4Hl4265YpdtafAy8TJSQXlqHfLP50gpmkEQlNOlHIdO9FeRqRmlMO41EkVJIQOSA9cQwWJQHnZdOkxPjFKgMNYmic0nqp/OzISKTWMfFMZEd1Xi95E/M9zUx1eeRkTSapB0NmgMOVYx3iSAA6YBKr50BBCJTO7YtonklBtcpqbosxRfQjmDsnMp8rsXzJpOYvZLJPmWdW5qJ7fn1dqN3luRXSEjtEpctAlqqE7VEcNRNEjekav6M16sd6tD+tzVlqw8p5DNAfr6xdepqOf</latexit>

= |ii[i|

What is a Scattering Amplitude?



<latexit sha1_base64="2FZvTbbX2MRs+PdV8JoD5g8Fy2Y=">AAACIXicbVC7TsMwFHXKq5RHA4wsFhUSU5VUFTBWsDAWiT6kNo0cx2lNbSeyHaQq6pcwAh/DhtgQn8KC22agLVeydHTOvb73nCBhVGnH+bIKG5tb2zvF3dLe/sFh2T46bqs4lZi0cMxi2Q2QIowK0tJUM9JNJEE8YKQTjG9neueJSEVj8aAnCfE4GgoaUYy0oXy7rPyMPk4Htb6OIR/UfLviVJ15wXXg5qAC8mr69k8/jHHKidCYIaV6rpNoL0NSU8zItNRPFUkQHqMh6RkoECfKy+aHT+G5YUIYxdI8oeGc/TuRIa7UhAemkyM9UqvajPxP66U6uvYyKpJUE4EXi6KUQWNylgIMqSRYs4kBCEtqboV4hCTC2mS1tEUZUyMSLhnJzKfK3F8yabmr2ayDdq3qXlbr9/VK4ybPrQhOwRm4AC64Ag1wB5qgBTBIwTN4BW/Wi/VufVifi9aClc+cgKWyvn8BusCkNg==</latexit>

s2ij ! m2

<latexit sha1_base64="bQAEQVpREKy7AlIXTFE7AjG6vy8="></latexit>

1

s2ij �m2

<latexit sha1_base64="EgAyEFAfsqI5lb/5JMfldXXD8lA="></latexit>

i

<latexit sha1_base64="K8M/ZvJEJh5tMFVic5QUi3KaSmU="></latexit>

j

Step.2  factorization+weak coupling

What is a Scattering Amplitude?



consistent???? 
masses, spin, tree or loop?

Example
<latexit sha1_base64="wdFGhMCIOo8y+CIo8gC+urmr4HA="></latexit>

Mc.o.m.(s, t, u) = g2
s� up
�su

<latexit sha1_base64="2FZvTbbX2MRs+PdV8JoD5g8Fy2Y=">AAACIXicbVC7TsMwFHXKq5RHA4wsFhUSU5VUFTBWsDAWiT6kNo0cx2lNbSeyHaQq6pcwAh/DhtgQn8KC22agLVeydHTOvb73nCBhVGnH+bIKG5tb2zvF3dLe/sFh2T46bqs4lZi0cMxi2Q2QIowK0tJUM9JNJEE8YKQTjG9neueJSEVj8aAnCfE4GgoaUYy0oXy7rPyMPk4Htb6OIR/UfLviVJ15wXXg5qAC8mr69k8/jHHKidCYIaV6rpNoL0NSU8zItNRPFUkQHqMh6RkoECfKy+aHT+G5YUIYxdI8oeGc/TuRIa7UhAemkyM9UqvajPxP66U6uvYyKpJUE4EXi6KUQWNylgIMqSRYs4kBCEtqboV4hCTC2mS1tEUZUyMSLhnJzKfK3F8yabmr2ayDdq3qXlbr9/VK4ybPrQhOwRm4AC64Ag1wB5qgBTBIwTN4BW/Wi/VufVifi9aClc+cgKWyvn8BusCkNg==</latexit>

s2ij ! m2

<latexit sha1_base64="bQAEQVpREKy7AlIXTFE7AjG6vy8="></latexit>

1

s2ij �m2

<latexit sha1_base64="EgAyEFAfsqI5lb/5JMfldXXD8lA="></latexit>

i

<latexit sha1_base64="K8M/ZvJEJh5tMFVic5QUi3KaSmU="></latexit>

j

Step.2  factorization+weak coupling

What is a Scattering Amplitude?



consistent???? 
masses, spin, tree or loop?

Example
<latexit sha1_base64="wdFGhMCIOo8y+CIo8gC+urmr4HA="></latexit>

Mc.o.m.(s, t, u) = g2
s� up
�su

=
yes! m=0, h=-1/2, 0, 1/2, 0;  tree

<latexit sha1_base64="NB0tCt/g5pwROD4jZ5xOXGShozk=">AAACGHicbVDJSgNBEK1xjXGLevTSGAQvxpkQ1GPQi8cIZoFkDD09NUmTnoXuHiEM+QmP6sd4E6/e/BYvdpaDSXzQ8HhV1fXqeYngStv2t7Wyura+sZnbym/v7O7tFw4OGypOJcM6i0UsWx5VKHiEdc21wFYikYaewKY3uB3Xm08oFY+jBz1M0A1pL+IBZ1QbqeU8ZufORXnULRTtkj0BWSbOjBRhhlq38NPxY5aGGGkmqFJtx060m1GpORM4yndShQllA9rDtqERDVG52cTviJwaxSdBLM2LNJmofycyGio1DD3TGVLdV4u1sfhfrZ3q4NrNeJSkGiM2XRSkguiYjI8nPpfItBgaQpnkxithfSop0yaiuS3KHNVHf+6QzHyqjP+8SctZzGaZNMol57JUua8Uqzez3HJwDCdwBg5cQRXuoAZ1YCDgGV7hzXqx3q0P63PaumLNZo5gDtbXL6BLoHw=</latexit>

1�1/2
<latexit sha1_base64="d7FoNq7/lVgDQCamILzBapk6d8I=">AAACF3icbVBNT8JAEJ36ifiFevTSSEw8YYtEPRK9eMREPhKoZLtMYcN22+xuTUjDj/Co/hhvxqtHf4sXF+hBwJds8vJmZufN82POlHacb2tldW19YzO3ld/e2d3bLxwcNlSUSIp1GvFItnyikDOBdc00x1YskYQ+x6Y/vJ3Um08oFYvEgx7F6IWkL1jAKNFGal48pu55edwtFJ2SM4W9TNyMFCFDrVv46fQimoQoNOVEqbbrxNpLidSMchznO4nCmNAh6WPbUEFCVF46tTu2T43Ss4NImie0PVX/TqQkVGoU+qYzJHqgFmsT8b9aO9HBtZcyEScaBZ0tChJu68ie3G73mESq+cgQQiUzXm06IJJQbRKa26LMUQPszR2Smk+V8Z83abmL2SyTRrnkXpYq95Vi9SbLLQfHcAJn4MIVVOEOalAHCkN4hld4s16sd+vD+py1rljZzBHMwfr6BTFxoEc=</latexit>

31/2

<latexit sha1_base64="Ywqfpt4bgIKfLE4Ygsw1b1uOCSs=">AAACE3icbVDLTsJAFL3FF+ILdemmkZi4Ii0h6pLoxiVGeSRQyXR6gQnTaTMzNSENn+BS/Rh3xq0f4Le4cYAuBDzJJCfn3jv33OPHnCntON9Wbm19Y3Mrv13Y2d3bPygeHjVVlEiKDRrxSLZ9opAzgQ3NNMd2LJGEPseWP7qZ1ltPKBWLxIMex+iFZCBYn1GijXRfeXR6xZJTdmawV4mbkRJkqPeKP90gokmIQlNOlOq4Tqy9lEjNKMdJoZsojAkdkQF2DBUkROWlM6sT+8wogd2PpHlC2zP170RKQqXGoW86Q6KHark2Ff+rdRLdv/JSJuJEo6DzRf2E2zqyp3fbAZNINR8bQqhkxqtNh0QSqk06C1uUOWqIwcIhqflUGf8Fk5a7nM0qaVbK7kW5elct1a6z3PJwAqdwDi5cQg1uoQ4NoDCAZ3iFN+vFerc+rM95a87KZo5hAdbXL1IgnsQ=</latexit>

20
<latexit sha1_base64="wImCz5/7L9ALH+j81OE7aJYbvM4=">AAACE3icbVDLSsNAFL3xWeur6tJNsAiuSiJFXRbduKxoH9DGMpnctEMnkzAzEUroJ7hUP8aduPUD/BY3TtssbOuBgcO598499/gJZ0o7zre1srq2vrFZ2Cpu7+zu7ZcODpsqTiXFBo15LNs+UciZwIZmmmM7kUgin2PLH95M6q0nlIrF4kGPEvQi0hcsZJRoI91XH51eqexUnCnsZeLmpAw56r3STzeIaRqh0JQTpTquk2gvI1IzynFc7KYKE0KHpI8dQwWJUHnZ1OrYPjVKYIexNE9oe6r+nchIpNQo8k1nRPRALdYm4n+1TqrDKy9jIkk1CjpbFKbc1rE9udsOmESq+cgQQiUzXm06IJJQbdKZ26LMUQMM5g7JzKfK+C+atNzFbJZJ87ziXlSqd9Vy7TrPrQDHcAJn4MIl1OAW6tAACn14hld4s16sd+vD+py1rlj5zBHMwfr6BVV+nsY=</latexit>

40

<latexit sha1_base64="NB0tCt/g5pwROD4jZ5xOXGShozk=">AAACGHicbVDJSgNBEK1xjXGLevTSGAQvxpkQ1GPQi8cIZoFkDD09NUmTnoXuHiEM+QmP6sd4E6/e/BYvdpaDSXzQ8HhV1fXqeYngStv2t7Wyura+sZnbym/v7O7tFw4OGypOJcM6i0UsWx5VKHiEdc21wFYikYaewKY3uB3Xm08oFY+jBz1M0A1pL+IBZ1QbqeU8ZufORXnULRTtkj0BWSbOjBRhhlq38NPxY5aGGGkmqFJtx060m1GpORM4yndShQllA9rDtqERDVG52cTviJwaxSdBLM2LNJmofycyGio1DD3TGVLdV4u1sfhfrZ3q4NrNeJSkGiM2XRSkguiYjI8nPpfItBgaQpnkxithfSop0yaiuS3KHNVHf+6QzHyqjP+8SctZzGaZNMol57JUua8Uqzez3HJwDCdwBg5cQRXuoAZ1YCDgGV7hzXqx3q0P63PaumLNZo5gDtbXL6BLoHw=</latexit>

1�1/2

<latexit sha1_base64="Ywqfpt4bgIKfLE4Ygsw1b1uOCSs=">AAACE3icbVDLTsJAFL3FF+ILdemmkZi4Ii0h6pLoxiVGeSRQyXR6gQnTaTMzNSENn+BS/Rh3xq0f4Le4cYAuBDzJJCfn3jv33OPHnCntON9Wbm19Y3Mrv13Y2d3bPygeHjVVlEiKDRrxSLZ9opAzgQ3NNMd2LJGEPseWP7qZ1ltPKBWLxIMex+iFZCBYn1GijXRfeXR6xZJTdmawV4mbkRJkqPeKP90gokmIQlNOlOq4Tqy9lEjNKMdJoZsojAkdkQF2DBUkROWlM6sT+8wogd2PpHlC2zP170RKQqXGoW86Q6KHark2Ff+rdRLdv/JSJuJEo6DzRf2E2zqyp3fbAZNINR8bQqhkxqtNh0QSqk06C1uUOWqIwcIhqflUGf8Fk5a7nM0qaVbK7kW5elct1a6z3PJwAqdwDi5cQg1uoQ4NoDCAZ3iFN+vFerc+rM95a87KZo5hAdbXL1IgnsQ=</latexit>

20

<latexit sha1_base64="d7FoNq7/lVgDQCamILzBapk6d8I=">AAACF3icbVBNT8JAEJ36ifiFevTSSEw8YYtEPRK9eMREPhKoZLtMYcN22+xuTUjDj/Co/hhvxqtHf4sXF+hBwJds8vJmZufN82POlHacb2tldW19YzO3ld/e2d3bLxwcNlSUSIp1GvFItnyikDOBdc00x1YskYQ+x6Y/vJ3Um08oFYvEgx7F6IWkL1jAKNFGal48pu55edwtFJ2SM4W9TNyMFCFDrVv46fQimoQoNOVEqbbrxNpLidSMchznO4nCmNAh6WPbUEFCVF46tTu2T43Ss4NImie0PVX/TqQkVGoU+qYzJHqgFmsT8b9aO9HBtZcyEScaBZ0tChJu68ie3G73mESq+cgQQiUzXm06IJJQbRKa26LMUQPszR2Smk+V8Z83abmL2SyTRrnkXpYq95Vi9SbLLQfHcAJn4MIVVOEOalAHCkN4hld4s16sd+vD+py1rljZzBHMwfr6BTFxoEc=</latexit>

31/2

<latexit sha1_base64="wImCz5/7L9ALH+j81OE7aJYbvM4=">AAACE3icbVDLSsNAFL3xWeur6tJNsAiuSiJFXRbduKxoH9DGMpnctEMnkzAzEUroJ7hUP8aduPUD/BY3TtssbOuBgcO598499/gJZ0o7zre1srq2vrFZ2Cpu7+zu7ZcODpsqTiXFBo15LNs+UciZwIZmmmM7kUgin2PLH95M6q0nlIrF4kGPEvQi0hcsZJRoI91XH51eqexUnCnsZeLmpAw56r3STzeIaRqh0JQTpTquk2gvI1IzynFc7KYKE0KHpI8dQwWJUHnZ1OrYPjVKYIexNE9oe6r+nchIpNQo8k1nRPRALdYm4n+1TqrDKy9jIkk1CjpbFKbc1rE9udsOmESq+cgQQiUzXm06IJJQbdKZ26LMUQMM5g7JzKfK+C+atNzFbJZJ87ziXlSqd9Vy7TrPrQDHcAJn4MIl1OAW6tAACn14hld4s16sd+vD+py1rlj5zBHMwfr6BVV+nsY=</latexit>

40

<latexit sha1_base64="4XSgPGYCFU5Kqb4uQxwoC07EkfQ=">AAACG3icbVDLSgMxFM3UV62vqks3wSK4KjMi6rLoxmUF+4DpUDKZO21oJhmSjFCGfoZL9WPciVsXfosb03YWtvVC4HDOvbn3nDDlTBvX/XZKa+sbm1vl7crO7t7+QfXwqK1lpii0qORSdUOigTMBLcMMh26qgCQhh044upvqnSdQmknxaMYpBAkZCBYzSoyl/F6sCM29Sa4n/WrNrbuzwqvAK0ANFdXsV396kaRZAsJQTrT2PTc1QU6UYZTDpNLLNKSEjsgAfAsFSUAH+ezkCT6zTIRjqewTBs/YvxM5SbQeJ6HtTIgZ6mVtSv6n+ZmJb4KciTQzIOh8UZxxbCSe+scRU0ANH1tAqGL2VkyHxKZgbEoLW7Q1NYRowUhuP9X2/opNy1vOZhW0L+reVf3y4bLWuC1yK6MTdIrOkYeuUQPdoyZqIYokekav6M15cd6dD+dz3lpyipljtFDO1y/tJaLg</latexit>

1

s

<latexit sha1_base64="dvwUVQFsA+uaxT0JpSAZzuMwwPs=">AAACGHicbVC7TsMwFL0pr1JeBUYWiwqJhZJUFTBWsMBWJPqQ2lA5jtNadZzIdpCqqD/BCHwMG2Jl41tYcNsMtOVIlo7Ovdf33OPFnClt299WbmV1bX0jv1nY2t7Z3SvuHzRVlEhCGyTikWx7WFHOBG1opjltx5Li0OO05Q1vJvXWE5WKReJBj2LqhrgvWMAI1kZq3z2mZ855ZdwrluyyPQVaJk5GSpCh3iv+dP2IJCEVmnCsVMexY+2mWGpGOB0XuomiMSZD3KcdQwUOqXLTqd8xOjGKj4JImic0mqp/J1IcKjUKPdMZYj1Qi7WJ+F+tk+jgyk2ZiBNNBZktChKOdIQmxyOfSUo0HxmCiWTGKyIDLDHRJqK5LcocNaD+3CGp+VQZ/wWTlrOYzTJpVsrORbl6Xy3VrrPc8nAEx3AKDlxCDW6hDg0gwOEZXuHNerHerQ/rc9aas7KZQ5iD9fULySuglA==</latexit>

I�1/2
<latexit sha1_base64="/SEFkmD+rRrZZuSd7y/iEkxbK/I=">AAACF3icbVBNT8JAEJ36ifiFevTSSEw8YUuIeiR60Rsm8pFAJdtlChu222Z3a0IafoRH9cd4M149+lu8uEAPAr5kk5c3Mztvnh9zprTjfFsrq2vrG5u5rfz2zu7efuHgsKGiRFKs04hHsuUThZwJrGumObZiiST0OTb94c2k3nxCqVgkHvQoRi8kfcECRok2UvPuMXXPy+NuoeiUnCnsZeJmpAgZat3CT6cX0SREoSknSrVdJ9ZeSqRmlOM430kUxoQOSR/bhgoSovLSqd2xfWqUnh1E0jyh7an6dyIloVKj0DedIdEDtVibiP/V2okOrryUiTjRKOhsUZBwW0f25Ha7xyRSzUeGECqZ8WrTAZGEapPQ3BZljhpgb+6Q1HyqjP+8SctdzGaZNMol96JUua8Uq9dZbjk4hhM4AxcuoQq3UIM6UBjCM7zCm/VivVsf1uesdcXKZo5gDtbXL1bToF0=</latexit>

I1/2

<latexit sha1_base64="xPHGgdMeiFR9AUTBwtjbRXjdByQ=">AAACNXicbVC7TsMwFHV4lvIqMLJYVEhMVQIVMFaw0K1I9CE1UeU4N61Vx4lsB6mK8gF8DSPwKQxsiJUPYMF9DLTlSpaOzj3X957jJ5wpbdvv1srq2vrGZmGruL2zu7dfOjhsqTiVFJo05rHs+EQBZwKammkOnUQCiXwObX94O+63H0EqFosHPUrAi0hfsJBRog3VK5VdTkSfA3Zw3ZUT6IaS0MzJM5Xjbh1feEZlV+xJ4WXgzEAZzarRK/24QUzTCISmnCjVdexEexmRmlEOedFNFSSEDkkfugYKEoHysomZHJ8aJsBhLM0TGk/YvxMZiZQaRb5RRkQP1GJvTP7X66Y6vPYyJpJUg6DTRWHKsY7xOBkcMAlU85EBhEpmbsV0QEwW2uQ3t0UZUwMI5oxk5lNl7i+atJzFbJZB67ziXFaq99Vy7WaWWwEdoxN0hhx0hWroDjVQE1H0hJ7RK3qzXqwP69P6mkpXrNnMEZor6/sXxeir0w==</latexit>

h1Ii1
s
[I3]

<latexit sha1_base64="r52par0KatGYFR2uTaaqYfXfTcA="></latexit>

M = g2h12i[23]
✓
1

s
� 1

u

◆

<latexit sha1_base64="2FZvTbbX2MRs+PdV8JoD5g8Fy2Y=">AAACIXicbVC7TsMwFHXKq5RHA4wsFhUSU5VUFTBWsDAWiT6kNo0cx2lNbSeyHaQq6pcwAh/DhtgQn8KC22agLVeydHTOvb73nCBhVGnH+bIKG5tb2zvF3dLe/sFh2T46bqs4lZi0cMxi2Q2QIowK0tJUM9JNJEE8YKQTjG9neueJSEVj8aAnCfE4GgoaUYy0oXy7rPyMPk4Htb6OIR/UfLviVJ15wXXg5qAC8mr69k8/jHHKidCYIaV6rpNoL0NSU8zItNRPFUkQHqMh6RkoECfKy+aHT+G5YUIYxdI8oeGc/TuRIa7UhAemkyM9UqvajPxP66U6uvYyKpJUE4EXi6KUQWNylgIMqSRYs4kBCEtqboV4hCTC2mS1tEUZUyMSLhnJzKfK3F8yabmr2ayDdq3qXlbr9/VK4ybPrQhOwRm4AC64Ag1wB5qgBTBIwTN4BW/Wi/VufVifi9aClc+cgKWyvn8BusCkNg==</latexit>

s2ij ! m2

<latexit sha1_base64="bQAEQVpREKy7AlIXTFE7AjG6vy8="></latexit>

1

s2ij �m2

<latexit sha1_base64="EgAyEFAfsqI5lb/5JMfldXXD8lA="></latexit>

i

<latexit sha1_base64="K8M/ZvJEJh5tMFVic5QUi3KaSmU="></latexit>

j

Step.2  factorization+weak coupling

What is a Scattering Amplitude?



  represented on the space of functions of spinorsℍi
<latexit sha1_base64="yKjXgCrc1GkSoru+y4aG4Ynzcmk="></latexit>

M = h12i[23]
✓
1

s
� 1

u

◆

 is solution of a linear differential problemℳ
<latexit sha1_base64="kmq+WAZMQWohCasC6VMjUfi6UoM="></latexit>

HiM = hiM =

8
>><

>>:

� 1
2 ⇥M i = 1
0⇥M i = 2
1
2 ⇥M i = 3
0⇥M i = 4

<latexit sha1_base64="+TmMbCRF+PMnSwBxHV75CwUlIsI="></latexit>

Hi=1,2,... = �1

2

✓
�↵

@

@�↵
� �̃↵̇

@

@�̃↵̇

◆

i=1,2,...



  represented on the space of functions of spinorsℍi
<latexit sha1_base64="yKjXgCrc1GkSoru+y4aG4Ynzcmk="></latexit>

M = h12i[23]
✓
1

s
� 1

u

◆

 is solution of a linear differential problemℳ
<latexit sha1_base64="kmq+WAZMQWohCasC6VMjUfi6UoM="></latexit>

HiM = hiM =

8
>><

>>:

� 1
2 ⇥M i = 1
0⇥M i = 2
1
2 ⇥M i = 3
0⇥M i = 4

<latexit sha1_base64="+TmMbCRF+PMnSwBxHV75CwUlIsI="></latexit>

Hi=1,2,... = �1

2

✓
�↵

@

@�↵
� �̃↵̇

@

@�̃↵̇

◆

i=1,2,...

CSP: represent 2 more diff.op.  — —  on functions of spinors!𝕎±



  represented on the space of functions of spinorsℍi
<latexit sha1_base64="yKjXgCrc1GkSoru+y4aG4Ynzcmk="></latexit>

M = h12i[23]
✓
1

s
� 1

u

◆

 is solution of a linear differential problemℳ
<latexit sha1_base64="kmq+WAZMQWohCasC6VMjUfi6UoM="></latexit>

HiM = hiM =

8
>><

>>:

� 1
2 ⇥M i = 1
0⇥M i = 2
1
2 ⇥M i = 3
0⇥M i = 4

<latexit sha1_base64="VmNUR2K/UuG5QP4sEmrcVIkAV1I="></latexit>

e�i!H |✓i = |✓ + !i

<latexit sha1_base64="0jRT1/128lrB2YAbtlOeGUFshVc="></latexit>

ei↵⌥W± |✓i = ei(↵⌥·µ±)|✓i
<latexit sha1_base64="cSy0cBYRdLjW2pWvgwFc0GvTcfw="></latexit>

M✓1...✓n(⇤k1 . . .) = M✓1�! ...✓n(k1 . . .)
Y

i

e�i↵+µ�
1 �i↵�µ+

1

<latexit sha1_base64="VVJE2Jm61KX3DN+itJvPRXqfJ5Y="></latexit>

⇢
<latexit sha1_base64="+TmMbCRF+PMnSwBxHV75CwUlIsI="></latexit>

Hi=1,2,... = �1

2

✓
�↵

@

@�↵
� �̃↵̇

@

@�̃↵̇

◆

i=1,2,...

CSP: represent 2 more diff.op.  — —  on functions of spinors!𝕎±



  represented on the space of functions of spinorsℍi
<latexit sha1_base64="yKjXgCrc1GkSoru+y4aG4Ynzcmk="></latexit>

M = h12i[23]
✓
1

s
� 1

u

◆

 is solution of a linear differential problemℳ
<latexit sha1_base64="kmq+WAZMQWohCasC6VMjUfi6UoM="></latexit>

HiM = hiM =

8
>><

>>:

� 1
2 ⇥M i = 1
0⇥M i = 2
1
2 ⇥M i = 3
0⇥M i = 4

<latexit sha1_base64="VmNUR2K/UuG5QP4sEmrcVIkAV1I="></latexit>

e�i!H |✓i = |✓ + !i

<latexit sha1_base64="0jRT1/128lrB2YAbtlOeGUFshVc="></latexit>

ei↵⌥W± |✓i = ei(↵⌥·µ±)|✓i
<latexit sha1_base64="cSy0cBYRdLjW2pWvgwFc0GvTcfw="></latexit>

M✓1...✓n(⇤k1 . . .) = M✓1�! ...✓n(k1 . . .)
Y

i

e�i↵+µ�
1 �i↵�µ+

1

<latexit sha1_base64="VVJE2Jm61KX3DN+itJvPRXqfJ5Y="></latexit>

⇢
<latexit sha1_base64="+TmMbCRF+PMnSwBxHV75CwUlIsI="></latexit>

Hi=1,2,... = �1

2

✓
�↵

@

@�↵
� �̃↵̇

@

@�̃↵̇

◆

i=1,2,...

CSP: represent 2 more diff.op.  — —  on functions of spinors!𝕎±

<latexit sha1_base64="i0q/cRhfjRd2kNjRnenBXt3n9nI=">AAACJnicbVDLSgMxFM3UV62v8bFzEyyCi1JmSlE3QtGNywq2FTpDyWQybWgmGZKMUIf+i0v1Y9yJuPM/3Ji2s7CtBwKHc+/NPfcECaNKO86XVVhZXVvfKG6WtrZ3dvfs/YO2EqnEpIUFE/IhQIowyklLU83IQyIJigNGOsHwZlLvPBKpqOD3epQQP0Z9TiOKkTZSzz7yIiERY5BeuZVaxWOh0Kpnl52qMwVcJm5OyiBHs2f/eKHAaUy4xgwp1XWdRPsZkppiRsYlL1UkQXiI+qRrKEcxUX42dT+Gp0YJobFhHtdwqv6dyFCs1CgOTGeM9EAt1ibif7VuqqNLP6M8STXheLYoShnUAk6igCGVBGs2MgRhSY1XiAdIIqxNYHNblDlqQMK5QzLzqTL+SyYtdzGbZdKuVd3zav2uXm5c57kVwTE4AWfABRegAW5BE7QABk/gGbyCN+vFerc+rM9Za8HKZw7BHKzvX8n8pb4=</latexit>

8i = 1, 2, . . .
<latexit sha1_base64="IGNfeRdWJmEKGkf8w2zsZkxLOeI="></latexit>

Wi
±M = µi

±M
<latexit sha1_base64="gXp17N0OxC+FSx8pqRR8YprSfS8="></latexit>

H
iM = i

d

d✓i
M

<latexit sha1_base64="KXfv50OuI2Zxruhl445xGMnh2ug=">AAACM3icbVBJS8NAGJ3UrdYt6tFLtAiCWhIp6kUoevFYwS6QhjCZTNqhk0mYmQgl5Oyv8aj+FvEmXv0FXpy0OXTxwcCb9+3PiykR0jQ/tNLS8srqWnm9srG5tb2j7+61RZRwhFsoohHvelBgShhuSSIp7sYcw9CjuOMN7/J45wlzQSL2KEcxdkLYZyQgCEolufqh3QuhHHhe2snc9DQ7m/6eZ86N6epVs2aOYSwSqyBVUKDp6r89P0JJiJlEFAphW2YsnRRySRDFWaWXCBxDNIR9bCvKYIiFk45PyYxjpfhGEHH1mDTG6nRFCkMhRqGnMvNFxXwsF/+L2YkMrp2UsDiRmKHJoCChhoyM3BfDJxwjSUeKQMSJ2tVAA8ghksq9mSlCHTXA/swhqWoq1P4V5ZY1780iaV/UrMta/aFebdwWvpXBATgCJ8ACV6AB7kETtAACz+AFvIF37VX71L6070lqSStq9sEMtJ8/uzqr6g==</latexit>

[W+,W�] = 0
<latexit sha1_base64="uRSX797DfCAtgwXBD4B+u11NtkU=">AAACRHicbVDLSsNAFJ34rPUVdelmsAgupCSlqBuh6KbLCvYBSQiTyaQdOnkwMxFKyH/4NS7VX/Af3IkrQZy0EWzrhRkO577OPV7CqJCG8aatrK6tb2xWtqrbO7t7+/rBYU/EKceki2MW84GHBGE0Il1JJSODhBMUeoz0vfFtke8/EC5oHN3LSUKcEA0jGlCMpKJcvWHZIZIjz8va+fkv7OduZidh7lyrHy6yrl4z6sY04DIwS1ADZXRc/cv2Y5yGJJKYISEs00ikkyEuKWYkr9qpIAnCYzQkloIRColwsultOTxVjA+DmKsXSThl/3ZkKBRiEnqqstApFnMF+V/OSmVw5WQ0SlJJIjxbFKQMyhgWRkGfcoIlmyiAMKdKK8QjxBGWys65LUIdNSL+3CGZGiqU/qpyy1z0Zhn0GnXzot68a9ZaN6VvFXAMTsAZMMElaIE26IAuwOARPIEX8Ko9a+/ah/Y5K13Ryp4jMBfa9w+G8bPh</latexit>

[H,W±] = ±W±



LG 
generators:

<latexit sha1_base64="6JPPS6lnfg3rzwkQRID+l8fkdVk="></latexit>

W↵↵̇ = P↵↵̇H

<latexit sha1_base64="/8UKs782DSLsJj2Xgecors7YFXw="></latexit>

W↵↵̇W
↵↵̇ = 0

<latexit sha1_base64="VVJE2Jm61KX3DN+itJvPRXqfJ5Y="></latexit>⇢
<latexit sha1_base64="dI1DV9sY68U5p2niZYtJwUAQ4QQ="></latexit>

W↵↵̇ =
�i

2

⇣
J �
↵ P�↵̇ � J �̇

↵̇P↵�̇

⌘ <latexit sha1_base64="nYN3U1vTnOjlJZX5ObmdOKGCRNk="></latexit>

J↵� = i�(↵
@

@��)

<latexit sha1_base64="/VHycuN6//G5jhVm47IVfo9FLTU="></latexit>

J↵̇�̇ = i�̃(↵̇
@

@�̃�̇)

<latexit sha1_base64="AJGWkkFXLZ5oak8VWg2filQQD/Y="></latexit>

M(�i
↵(p),�

j
↵̇(p)) = M(hiji, [ij]) can’t be right for CSP! 

<latexit sha1_base64="uSefqNmgHiLOruotcHsTjhQkLc8="></latexit>

�↵(p)�̃↵̇(p) = p↵↵̇

The right variables, again



LG 
generators:

<latexit sha1_base64="6JPPS6lnfg3rzwkQRID+l8fkdVk="></latexit>

W↵↵̇ = P↵↵̇H

<latexit sha1_base64="/8UKs782DSLsJj2Xgecors7YFXw="></latexit>

W↵↵̇W
↵↵̇ = 0

<latexit sha1_base64="VVJE2Jm61KX3DN+itJvPRXqfJ5Y="></latexit>⇢
<latexit sha1_base64="dI1DV9sY68U5p2niZYtJwUAQ4QQ="></latexit>

W↵↵̇ =
�i

2

⇣
J �
↵ P�↵̇ � J �̇

↵̇P↵�̇

⌘ <latexit sha1_base64="nYN3U1vTnOjlJZX5ObmdOKGCRNk="></latexit>

J↵� = i�(↵
@

@��)

<latexit sha1_base64="/VHycuN6//G5jhVm47IVfo9FLTU="></latexit>

J↵̇�̇ = i�̃(↵̇
@

@�̃�̇)

<latexit sha1_base64="AJGWkkFXLZ5oak8VWg2filQQD/Y="></latexit>

M(�i
↵(p),�

j
↵̇(p)) = M(hiji, [ij]) can’t be right for CSP! 

<latexit sha1_base64="uSefqNmgHiLOruotcHsTjhQkLc8="></latexit>

�↵(p)�̃↵̇(p) = p↵↵̇

<latexit sha1_base64="Fud7iuCBUEIU/cfkqJQxgovDOt0="></latexit>

�↵ =
p
2E

✓
0
1

◆

↵

example <latexit sha1_base64="Eqw6KM9YC1z7pLWnR41B3T+laec="></latexit>

⇢↵ / 1p
2E

✓
1
0

◆

↵

<latexit sha1_base64="NY78oe7X5XJbf+rKZjMcc+YKbLU="></latexit>

�̃↵̇ =
p
2E

✓
1
0

◆↵̇
<latexit sha1_base64="5P5JZdbIrpQU/V2Ml58qPlqd/UE="></latexit>

⇢̃↵̇ / 1p
2E

✓
0
1

◆↵̇

Solution:  acts on 2-dim space of spinorsSL(2,ℂ) × SL(2,ℂ)
<latexit sha1_base64="yup9Fz4n3Fss0KEgojWu7bWgXPY="></latexit>

�i
↵ = |ii

<latexit sha1_base64="W863USP2wkwPg62CWwuBD/P/gL0="></latexit>

⇢i↵ = |ii
<latexit sha1_base64="pxD785m61cJFjQeH9hm3rmASwMk="></latexit>

h�i⇢ii = hiii = const
<latexit sha1_base64="p9yrkvNYCgYY+NdPb/SoovF6BQw="></latexit>

[�̃i⇢̃i] = [ii] = const
<latexit sha1_base64="EyUQtsON20jt8IKLVZD6ILD5in4=">AAACNHicbVDLSsNAFJ3UV62vqks3wSK4KokUdSMU3bhUsCoksdxMbtuhkwczN0KJ3fs1LtVfEdyJW3/AjdPahVUvXDic+zwnzKTQ5DgvVmlmdm5+obxYWVpeWV2rrm9c6jRXHFs8lam6DkGjFAm2SJDE60whxKHEq7B/Mqpf3aLSIk0uaJBhEEM3ER3BgQzVrm77JGSEhS/NTATDG9Eu/CglH2TWg+GRJ+7a1ZpTd8Zh/wXuBNTYJM7a1U+zgecxJsQlaO25TkZBAYoElzis+LnGDHgfuugZmECMOijGWob2jmEiu5MqkwnZY/bnRAGx1oM4NJ0xUE//ro3I/2peTp3DoBBJlhMm/PtQJ5c2pfbIGDsSCjnJgQHAlTC/2rwHCjgZ+6auaCOqh9GUkMIs1eb/inHL/e3NX3C5V3f3643zRq15PPGtzLbYNttlLjtgTXbKzliLcXbPHtgTe7YerVfrzXr/bi1Zk5lNNhXWxxcEn60u</latexit>

�̃i
↵̇ = [i|

<latexit sha1_base64="rux/pi9tkseUTRwy+y4ucAnrhNQ="></latexit>

⇢̃i↵̇ = [i|

The right variables, again



LG 
generators:

<latexit sha1_base64="6JPPS6lnfg3rzwkQRID+l8fkdVk="></latexit>

W↵↵̇ = P↵↵̇H

<latexit sha1_base64="/8UKs782DSLsJj2Xgecors7YFXw="></latexit>

W↵↵̇W
↵↵̇ = 0

<latexit sha1_base64="VVJE2Jm61KX3DN+itJvPRXqfJ5Y="></latexit>⇢
<latexit sha1_base64="dI1DV9sY68U5p2niZYtJwUAQ4QQ="></latexit>

W↵↵̇ =
�i

2

⇣
J �
↵ P�↵̇ � J �̇

↵̇P↵�̇

⌘ <latexit sha1_base64="nYN3U1vTnOjlJZX5ObmdOKGCRNk="></latexit>

J↵� = i�(↵
@

@��)

<latexit sha1_base64="/VHycuN6//G5jhVm47IVfo9FLTU="></latexit>

J↵̇�̇ = i�̃(↵̇
@

@�̃�̇)

<latexit sha1_base64="AJGWkkFXLZ5oak8VWg2filQQD/Y="></latexit>

M(�i
↵(p),�

j
↵̇(p)) = M(hiji, [ij]) can’t be right for CSP! 

<latexit sha1_base64="uSefqNmgHiLOruotcHsTjhQkLc8="></latexit>

�↵(p)�̃↵̇(p) = p↵↵̇

<latexit sha1_base64="Fud7iuCBUEIU/cfkqJQxgovDOt0="></latexit>

�↵ =
p
2E

✓
0
1

◆

↵

example <latexit sha1_base64="Eqw6KM9YC1z7pLWnR41B3T+laec="></latexit>

⇢↵ / 1p
2E

✓
1
0

◆

↵

<latexit sha1_base64="NY78oe7X5XJbf+rKZjMcc+YKbLU="></latexit>

�̃↵̇ =
p
2E

✓
1
0

◆↵̇
<latexit sha1_base64="5P5JZdbIrpQU/V2Ml58qPlqd/UE="></latexit>

⇢̃↵̇ / 1p
2E

✓
0
1

◆↵̇

Solution:  acts on 2-dim space of spinorsSL(2,ℂ) × SL(2,ℂ)
<latexit sha1_base64="yup9Fz4n3Fss0KEgojWu7bWgXPY="></latexit>

�i
↵ = |ii

<latexit sha1_base64="W863USP2wkwPg62CWwuBD/P/gL0="></latexit>

⇢i↵ = |ii
<latexit sha1_base64="pxD785m61cJFjQeH9hm3rmASwMk="></latexit>

h�i⇢ii = hiii = const
<latexit sha1_base64="p9yrkvNYCgYY+NdPb/SoovF6BQw="></latexit>

[�̃i⇢̃i] = [ii] = const
<latexit sha1_base64="EyUQtsON20jt8IKLVZD6ILD5in4=">AAACNHicbVDLSsNAFJ3UV62vqks3wSK4KokUdSMU3bhUsCoksdxMbtuhkwczN0KJ3fs1LtVfEdyJW3/AjdPahVUvXDic+zwnzKTQ5DgvVmlmdm5+obxYWVpeWV2rrm9c6jRXHFs8lam6DkGjFAm2SJDE60whxKHEq7B/Mqpf3aLSIk0uaJBhEEM3ER3BgQzVrm77JGSEhS/NTATDG9Eu/CglH2TWg+GRJ+7a1ZpTd8Zh/wXuBNTYJM7a1U+zgecxJsQlaO25TkZBAYoElzis+LnGDHgfuugZmECMOijGWob2jmEiu5MqkwnZY/bnRAGx1oM4NJ0xUE//ro3I/2peTp3DoBBJlhMm/PtQJ5c2pfbIGDsSCjnJgQHAlTC/2rwHCjgZ+6auaCOqh9GUkMIs1eb/inHL/e3NX3C5V3f3643zRq15PPGtzLbYNttlLjtgTXbKzliLcXbPHtgTe7YerVfrzXr/bi1Zk5lNNhXWxxcEn60u</latexit>

�̃i
↵̇ = [i|

<latexit sha1_base64="rux/pi9tkseUTRwy+y4ucAnrhNQ="></latexit>

⇢̃i↵̇ = [i|

The right variables, again

1. Defined up to  :ISO(2)
<latexit sha1_base64="aw3fxa+KAWQO+BnbhUYSwXLfcu8="></latexit>

|ii ! w|ii , |ii ! w�1|ii+ 2i↵+w
�1|ii , [i| ! w�1[i| , [i| ! w[i|� 2i↵�w[i| ,

<latexit sha1_base64="Jrz3ajB5X86St5X9q9zkYOKtgJY="></latexit>

W↵↵̇W
↵↵̇ = �h�⇢i[�̃⇢̃]�↵

@

@⇢↵
�̃↵̇ @

@⇢̃↵̇
6= 02. non-vanishing  :W2

μ



1. Defined up to  :ISO(2)
<latexit sha1_base64="aw3fxa+KAWQO+BnbhUYSwXLfcu8="></latexit>

|ii ! w|ii , |ii ! w�1|ii+ 2i↵+w
�1|ii , [i| ! w�1[i| , [i| ! w[i|� 2i↵�w[i| ,

<latexit sha1_base64="Jrz3ajB5X86St5X9q9zkYOKtgJY="></latexit>

W↵↵̇W
↵↵̇ = �h�⇢i[�̃⇢̃]�↵

@

@⇢↵
�̃↵̇ @

@⇢̃↵̇
6= 02. non-vanishing  :W2

μ

  represented on bi-spinor functionsℍi , 𝕎i
±

<latexit sha1_base64="KXfv50OuI2Zxruhl445xGMnh2ug=">AAACM3icbVBJS8NAGJ3UrdYt6tFLtAiCWhIp6kUoevFYwS6QhjCZTNqhk0mYmQgl5Oyv8aj+FvEmXv0FXpy0OXTxwcCb9+3PiykR0jQ/tNLS8srqWnm9srG5tb2j7+61RZRwhFsoohHvelBgShhuSSIp7sYcw9CjuOMN7/J45wlzQSL2KEcxdkLYZyQgCEolufqh3QuhHHhe2snc9DQ7m/6eZ86N6epVs2aOYSwSqyBVUKDp6r89P0JJiJlEFAphW2YsnRRySRDFWaWXCBxDNIR9bCvKYIiFk45PyYxjpfhGEHH1mDTG6nRFCkMhRqGnMvNFxXwsF/+L2YkMrp2UsDiRmKHJoCChhoyM3BfDJxwjSUeKQMSJ2tVAA8ghksq9mSlCHTXA/swhqWoq1P4V5ZY1780iaV/UrMta/aFebdwWvpXBATgCJ8ACV6AB7kETtAACz+AFvIF37VX71L6070lqSStq9sEMtJ8/uzqr6g==</latexit>

[W+,W�] = 0
<latexit sha1_base64="uRSX797DfCAtgwXBD4B+u11NtkU=">AAACRHicbVDLSsNAFJ34rPUVdelmsAgupCSlqBuh6KbLCvYBSQiTyaQdOnkwMxFKyH/4NS7VX/Af3IkrQZy0EWzrhRkO577OPV7CqJCG8aatrK6tb2xWtqrbO7t7+/rBYU/EKceki2MW84GHBGE0Il1JJSODhBMUeoz0vfFtke8/EC5oHN3LSUKcEA0jGlCMpKJcvWHZIZIjz8va+fkv7OduZidh7lyrHy6yrl4z6sY04DIwS1ADZXRc/cv2Y5yGJJKYISEs00ikkyEuKWYkr9qpIAnCYzQkloIRColwsultOTxVjA+DmKsXSThl/3ZkKBRiEnqqstApFnMF+V/OSmVw5WQ0SlJJIjxbFKQMyhgWRkGfcoIlmyiAMKdKK8QjxBGWys65LUIdNSL+3CGZGiqU/qpyy1z0Zhn0GnXzot68a9ZaN6VvFXAMTsAZMMElaIE26IAuwOARPIEX8Ko9a+/ah/Y5K13Ryp4jMBfa9w+G8bPh</latexit>

[H,W±] = ±W±

<latexit sha1_base64="sq2j7NHFy5Ob3RmX9qQ9TivyIcA="></latexit>

W
�
i = hiii|ii @

@|ii , W
+
i = [ii]|i] @

@|i] , Hi = �1

2

✓
|ii @

@|ii � |ii @

@|ii � |i] @

@|i] + |i] @

@|i]

◆

ISO(2) acting on Amplitudes



CSP-Amplitudes

<latexit sha1_base64="IGNfeRdWJmEKGkf8w2zsZkxLOeI="></latexit>

Wi
±M = µi

±M
<latexit sha1_base64="gXp17N0OxC+FSx8pqRR8YprSfS8="></latexit>

H
iM = i

d

d✓i
M

<latexit sha1_base64="ywa0CMslqFFpJ4w7EDomiGKgvwo="></latexit>

M✓1...✓n = M✓1...✓n(hiji, [ij], hiji, [ij], , hiji, [ij])

<latexit sha1_base64="sq2j7NHFy5Ob3RmX9qQ9TivyIcA="></latexit>

W
�
i = hiii|ii @

@|ii , W
+
i = [ii]|i] @

@|i] , Hi = �1

2

✓
|ii @

@|ii � |ii @

@|ii � |i] @

@|i] + |i] @

@|i]

◆

<latexit sha1_base64="zAJ8WC3egIEazBK/8CYhtRnIdoc="></latexit>

hiii
nX

j=1

✓
hjii @

@hjii + hjii @

@hjii + . . .

◆
logM✓1...✓n = µie

�i✓i

<latexit sha1_base64="LwArjfNYA5yOAVS/J93YO4nyVY4="></latexit>

[ii]
nX

j=1

✓
[ji]

@

@[ji]
+ [ji]

@

@[ji]
+ . . .

◆
logM✓1...✓n = µie

+i✓i

<latexit sha1_base64="HJqyk8Bzyk7So7Lh0mk+AG+jBT4="></latexit>

Exp (�i!Hi)M✓1...✓n = M✓1...(✓i+!)...✓n



CSP-Amplitudes: explicit solutions



translations 𝕎±

<latexit sha1_base64="VVJE2Jm61KX3DN+itJvPRXqfJ5Y="></latexit>⇢
<latexit sha1_base64="L7nfjJLk3y9vrqXNC1lUK7bQ3Ac="></latexit>

& , 1 $ 2

<latexit sha1_base64="uh/xmpWMqCChhmBYdZENZ/aGdY0="></latexit>

h21i @

@h21i logM✓1✓2 =
µ

h11ie
�i✓1

<latexit sha1_base64="OJiA8Ww3LwNRSLc9UY7oGuw54/c="></latexit>

[21]
@

@[21]
logM✓1✓2 =

µ

[11]
ei✓1

<latexit sha1_base64="QoK7UvPQhrxQPr6GRJXw0X085C4="></latexit>

M(hiji, hiji, hiji, . . .)
<latexit sha1_base64="arV823F99M0ks66Ea4jmVz8o3EU="></latexit>

h12ih12i+ h11ih22i+ h12ih21i = 0

3-pts, Examples

<latexit sha1_base64="JE2L4LHc8JrqPYQT9Oik5RSlALY="></latexit>

|3i[3| = �|1i[1|� |2i[2|
m, j

CSP-θ1

CSP-θ2



<latexit sha1_base64="hKPMxKwTK/LvkQOjn1GckOMgcFo="></latexit>

M✓1✓2 = Exp

✓
µe�i✓1 h21i

h11ih21i + µei✓1
[21]

[11][21]

◆
Exp (1 $ 2) fM(hiji, [ij], ✓i)

translations 𝕎±

<latexit sha1_base64="VVJE2Jm61KX3DN+itJvPRXqfJ5Y="></latexit>⇢
<latexit sha1_base64="L7nfjJLk3y9vrqXNC1lUK7bQ3Ac="></latexit>

& , 1 $ 2

<latexit sha1_base64="uh/xmpWMqCChhmBYdZENZ/aGdY0="></latexit>

h21i @

@h21i logM✓1✓2 =
µ

h11ie
�i✓1

<latexit sha1_base64="OJiA8Ww3LwNRSLc9UY7oGuw54/c="></latexit>

[21]
@

@[21]
logM✓1✓2 =

µ

[11]
ei✓1

<latexit sha1_base64="QoK7UvPQhrxQPr6GRJXw0X085C4="></latexit>

M(hiji, hiji, hiji, . . .)
<latexit sha1_base64="arV823F99M0ks66Ea4jmVz8o3EU="></latexit>

h12ih12i+ h11ih22i+ h12ih21i = 0

3-pts, Examples

<latexit sha1_base64="JE2L4LHc8JrqPYQT9Oik5RSlALY="></latexit>

|3i[3| = �|1i[1|� |2i[2|
m, j

CSP-θ1

CSP-θ2



<latexit sha1_base64="hKPMxKwTK/LvkQOjn1GckOMgcFo="></latexit>

M✓1✓2 = Exp

✓
µe�i✓1 h21i

h11ih21i + µei✓1
[21]

[11][21]

◆
Exp (1 $ 2) fM(hiji, [ij], ✓i)

translations 𝕎±

<latexit sha1_base64="VVJE2Jm61KX3DN+itJvPRXqfJ5Y="></latexit>⇢
<latexit sha1_base64="L7nfjJLk3y9vrqXNC1lUK7bQ3Ac="></latexit>

& , 1 $ 2

<latexit sha1_base64="uh/xmpWMqCChhmBYdZENZ/aGdY0="></latexit>

h21i @

@h21i logM✓1✓2 =
µ

h11ie
�i✓1

<latexit sha1_base64="OJiA8Ww3LwNRSLc9UY7oGuw54/c="></latexit>

[21]
@

@[21]
logM✓1✓2 =

µ

[11]
ei✓1

<latexit sha1_base64="QoK7UvPQhrxQPr6GRJXw0X085C4="></latexit>

M(hiji, hiji, hiji, . . .)
<latexit sha1_base64="arV823F99M0ks66Ea4jmVz8o3EU="></latexit>

h12ih12i+ h11ih22i+ h12ih21i = 0

3-pts, Examples

<latexit sha1_base64="JE2L4LHc8JrqPYQT9Oik5RSlALY="></latexit>

|3i[3| = �|1i[1|� |2i[2|
m, j

CSP-θ1

CSP-θ2

helicity ℍ
<latexit sha1_base64="hCCG/4GsiWfIFCbV37FmNZd9T5M="></latexit>

ei!
<latexit sha1_base64="rHsud2ZJb/hCjUVeTm77csjRPpo="></latexit>

Exp
�
�i!Hi

�
<latexit sha1_base64="iwwUGT20tiRkyEkjLYeaJqVjxTE="></latexit>

e�i! <latexit sha1_base64="jqm/UxlX+uwuKw7QxRI/RiP0Z1k="></latexit>X

hi

cMhi(hiji, [i, j])e�ihi✓i



n-pts & High-energy limit
<latexit sha1_base64="ZGFBxsYL3z/J6RIJ5dz16M8rEM4="></latexit>

M✓1...✓n =
X

p±
j

exp

0

@
X

j

µ+
j hj|p

+
j |j]

[jj]hj|p+j |j]
+

µ�
j hj|p

�
j |j]

hjjihj|p�j |j]

1

A
X

{hi}

Mh1...hne
�i

P
k ✓khk



n-pts & High-energy limit

1

<latexit sha1_base64="ZGFBxsYL3z/J6RIJ5dz16M8rEM4="></latexit>

M✓1...✓n =
X

p±
j

exp

0

@
X

j

µ+
j hj|p

+
j |j]

[jj]hj|p+j |j]
+

µ�
j hj|p

�
j |j]

hjjihj|p�j |j]

1

A
X

{hi}

Mh1...hne
�i

P
k ✓khk



n-pts & High-energy limit

1

“mostly” helicity hi

UV-limit<latexit sha1_base64="ZGFBxsYL3z/J6RIJ5dz16M8rEM4="></latexit>

M✓1...✓n =
X

p±
j

exp

0

@
X

j

µ+
j hj|p

+
j |j]

[jj]hj|p+j |j]
+

µ�
j hj|p

�
j |j]

hjjihj|p�j |j]

1

A
X

{hi}

Mh1...hne
�i

P
k ✓khk



n-pts & High-energy limit

1

“mostly” helicity hi

UV-limit<latexit sha1_base64="ZGFBxsYL3z/J6RIJ5dz16M8rEM4="></latexit>

M✓1...✓n =
X

p±
j

exp

0

@
X

j

µ+
j hj|p

+
j |j]

[jj]hj|p+j |j]
+

µ�
j hj|p

�
j |j]

hjjihj|p�j |j]

1

A
X

{hi}

Mh1...hne
�i

P
k ✓khk

=Exp(…)  (   phases) ℳ × ℳUV,μ=0 ×
• IR-deformation —via  — of UV theories 

• 3pt’s uniquely fixed by UV 
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Mass-splitting selection rule
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• 4pts trivial to write down: but  only if  

• No on-shell coupling to gravitons, to photons, to particle-antiparticles pairs,… 

• Effective  seen as off-shellness: good enough for some questions

ℳ2→2 → ℳ1→2 × ℳ2→1 Δm2 ≠ 0

Δm2
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Conclusions & Outlook 

(to our surprise) 
CSP-amplitudes exist 

&  
easy to get

• Lorentz + ISO(2)-covariance 

• good high-energy behavior 
IR-deformation of massless amp. 
(e..g. in gravity!) 

• factorisation  
mass selection rule 

• (linear) coupling to gravity

4pts → 3pts2

few  interacting±h̄

infinitely many ’shi

UV

IR

W2
μ = − μ2

Future Stress Test:
• Classical Limit?

• Thermodynamics?

• Loops, running, RG-evolution?

• Off-shell correlators? ( e.g. Compton , )⟨0 |JμJν |1θ12θ2⟩ ⟨0 |TμνTρσ |1θ12θ2⟩



Thank you!

& 
 

Happy Birthday Riccardo!



Back-up slides



2pts and Running
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(mostly h=0) Internal CSP

Δm2

t

t → 0

Family of solutions 
factorise well

potential at Δm2 → 0 , α ≠ 0

Residue



CSP-light bending
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