
Kirill Krasnov (Nottingham)

Octonions, complex structures 
and Standard Model fermions



Motivations: Physics

Elementary particles (from which we are all made) are described by fields (Spin(1,3) Lorentz group spinors) representations of 

Based on 2209.05088

<latexit sha1_base64="6rMsTrHd0J3diQV4IloO6DLecrI="></latexit>

GSM = SU(3)⇥ SU(2)⇥U(1)/Z6

Particles
<latexit sha1_base64="JpWLce+fP1f4UqdhcXkmm1kE3RI=">AAAB8nicbVBNTwIxEO3iF+IX6tFLIzHBC9lVox6JXjxidIFk2ZBuKdDQdjftrAnZ8DO8eNAYr/4ab/4bC+xBwZdM8vLeTGbmRYngBlz32ymsrK6tbxQ3S1vbO7t75f2DpolTTZlPYxHrdkQME1wxHzgI1k40IzISrBWNbqd+64lpw2P1COOEhZIMFO9zSsBKQdbREj/4k+r5abdccWvuDHiZeDmpoByNbvmr04tpKpkCKogxgecmEGZEA6eCTUqd1LCE0BEZsMBSRSQzYTY7eYJPrNLD/VjbUoBn6u+JjEhjxjKynZLA0Cx6U/E/L0ihfx1mXCUpMEXni/qpwBDj6f+4xzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJs2zmndZ8+4vKvWbPI4iOkLHqIo8dIXq6A41kI8oitEzekVvDjgvzrvzMW8tOPnMIfoD5/MHBLqQbQ==</latexit>

SU(3)
<latexit sha1_base64="qfE94Fl+uObEEGXdSeiaGRdtXt4=">AAAB8nicbVBNTwIxEO3iF+IX6tFLIzHBC9klRj0SvXjE6ALJsiHdUqCh3W7aWROy4Wd48aAxXv013vw3FtiDgi+Z5OW9mczMixLBDbjut1NYW9/Y3Cpul3Z29/YPyodHLaNSTZlPlVC6ExHDBI+ZDxwE6ySaERkJ1o7GtzO//cS04Sp+hEnCQkmGMR9wSsBKQdbVEj/402r9vFeuuDV3DrxKvJxUUI5mr/zV7SuaShYDFcSYwHMTCDOigVPBpqVualhC6JgMWWBpTCQzYTY/eYrPrNLHA6VtxYDn6u+JjEhjJjKynZLAyCx7M/E/L0hhcB1mPE5SYDFdLBqkAoPCs/9xn2tGQUwsIVRzeyumI6IJBZtSyYbgLb+8Slr1mndZ8+4vKo2bPI4iOkGnqIo8dIUa6A41kY8oUugZvaI3B5wX5935WLQWnHzmGP2B8/kDAzWQbA==</latexit>

SU(2)
<latexit sha1_base64="zM9KXZPEXSsFiSiIe20PCw8VtJU=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JriHokevGIiQtE2JBu6UJD2920XROy4V948aAxXv033vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hY6THrKYH8adU775crbs2dA60SLycVyNHsl796g5ikgkpDONa667mJCTKsDCOcTku9VNMEkzEe0q6lEguqg2x+8RSdWWWAoljZkgbN1d8TGRZaT0RoOwU2I73szcT/vG5qousgYzJJDZVksShKOTIxmr2PBkxRYvjEEkwUs7ciMsIKE2NDKtkQvOWXV0nrouZd1rz7eqVxk8dRhBM4hSp4cAUNuIMm+EBAwjO8wpujnRfn3flYtBacfOYY/sD5/AFbapAO</latexit>

U(1)

<latexit sha1_base64="abkSakQD9fXXJgvKHdVZEdWdAr4=">AAACAHicbVC7TsMwFL3hWcorwMDAElEhMVUJIGCs6MJYJPqQmlA5rtNadezIdpCqKAu/wsIAQqx8Bht/g9N2gJYjWTo65x753hMmjCrtut/W0vLK6tp6aaO8ubW9s2vv7beUSCUmTSyYkJ0QKcIoJ01NNSOdRBIUh4y0w1G98NuPRCoq+L0eJySI0YDTiGKkjdSzD31h7CKd+THSwzDM6vnDed6zK27VncBZJN6MVGCGRs/+8vsCpzHhGjOkVNdzEx1kSGqKGcnLfqpIgvAIDUjXUI5iooJsckDunBil70RCmse1M1F/JzIUKzWOQzNZLKnmvUL8z+umOroOMsqTVBOOpx9FKXO0cIo2nD6VBGs2NgRhSc2uDh4iibA2nZVNCd78yYukdVb1Lqve3UWldjOrowRHcAyn4MEV1OAWGtAEDDk8wyu8WU/Wi/VufUxHl6xZ5gD+wPr8AVxLluU=</latexit>

C3
<latexit sha1_base64="XW6qks0mGQ/tYfv5bLwhpMswkLY=">AAAB83icbVBNSwMxFHypX7V+VT16CRbBU9ktoh6LvXisYGuhu5Zsmm1Ds9klyQpl6d/w4kERr/4Zb/4bs+0etHUgMMy8x5tMkAiujeN8o9La+sbmVnm7srO7t39QPTzq6jhVlHVoLGLVC4hmgkvWMdwI1ksUI1Eg2EMwaeX+wxNTmsfy3kwT5kdkJHnIKTFW8ryImHEQZK3ZY2NQrTl1Zw68StyC1KBAe1D98oYxTSMmDRVE677rJMbPiDKcCjareKlmCaETMmJ9SyWJmPazeeYZPrPKEIexsk8aPFd/b2Qk0noaBXYyz6iXvVz8z+unJrz2My6T1DBJF4fCVGAT47wAPOSKUSOmlhCquM2K6ZgoQo2tqWJLcJe/vEq6jbp7WXfvLmrNm6KOMpzAKZyDC1fQhFtoQwcoJPAMr/CGUvSC3tHHYrSEip1j+AP0+QPVMZGN</latexit>

C2

<latexit sha1_base64="Pwk9dXr4YNSgCQIffyTZw+8nSCY=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclURFXRa7cVnBPqCJZTKdtEMnkzAPoYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z06Ycqa06347K6tr6xubpa3y9s7u3n7l4LCtEiMJbZGEJ7IbYkU5E7Slmea0m0qK45DTTjhu5H7niUrFEvGgJykNYjwULGIEayv5foz1KAyzxvTxol+pujV3BrRMvIJUoUCzX/nyBwkxMRWacKxUz3NTHWRYakY4nZZ9o2iKyRgPac9SgWOqgmyWeYpOrTJAUSLtExrN1N8bGY6VmsShncwzqkUvF//zekZHN0HGRGo0FWR+KDIc6QTlBaABk5RoPrEEE8lsVkRGWGKibU1lW4K3+OVl0j6veVc17/6yWr8t6ijBMZzAGXhwDXW4gya0gEAKz/AKb45xXpx352M+uuIUO0fwB87nD9a1kY4=</latexit>

C3

<latexit sha1_base64="XW6qks0mGQ/tYfv5bLwhpMswkLY=">AAAB83icbVBNSwMxFHypX7V+VT16CRbBU9ktoh6LvXisYGuhu5Zsmm1Ds9klyQpl6d/w4kERr/4Zb/4bs+0etHUgMMy8x5tMkAiujeN8o9La+sbmVnm7srO7t39QPTzq6jhVlHVoLGLVC4hmgkvWMdwI1ksUI1Eg2EMwaeX+wxNTmsfy3kwT5kdkJHnIKTFW8ryImHEQZK3ZY2NQrTl1Zw68StyC1KBAe1D98oYxTSMmDRVE677rJMbPiDKcCjareKlmCaETMmJ9SyWJmPazeeYZPrPKEIexsk8aPFd/b2Qk0noaBXYyz6iXvVz8z+unJrz2My6T1DBJF4fCVGAT47wAPOSKUSOmlhCquM2K6ZgoQo2tqWJLcJe/vEq6jbp7WXfvLmrNm6KOMpzAKZyDC1fQhFtoQwcoJPAMr/CGUvSC3tHHYrSEip1j+AP0+QPVMZGN</latexit>

C2

<latexit sha1_base64="6dQmbbdfc6cztQET63sJE5TeSMA=">AAACHHicbVBNS8NAEN34bf2qevSyWAS9lERFvQiiF48t2FpoStlsJu3iZhN2J0IJ/SFe/CtePCjixYPgv3Hb5qDVBwOP92Z2Z16QSmHQdb+cmdm5+YXFpeXSyura+kZ5c6tpkkxzaPBEJroVMANSKGigQAmtVAOLAwm3wd3VyL+9B21Eom5wkEInZj0lIsEZWqlbPqqf+xIi3Kd+AD2hcqY1GwxzPqQZ9X0aUh9UWKi+Fr0+HnTLFbfqjkH/Eq8gFVKg1i1/+GHCsxgUcsmMaXtuih37KAouYVjyMwMp43esB21LFYvBdPLxcUO6Z5WQRom2pZCO1Z8TOYuNGcSB7YwZ9s20NxL/89oZRmedXKg0Q1B88lGUSYoJHSVFQ6GBoxxYwrgWdlfK+0wzjjbPkg3Bmz75L2keVr2Tqlc/rlxcFnEskR2yS/aJR07JBbkmNdIgnDyQJ/JCXp1H59l5c94nrTNOMbNNfsH5/AajW6G9</latexit>

Q =

✓
u
d

◆

<latexit sha1_base64="q7idKvUWd/qNzAnQDDLgW04XoJs=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6CbMiO+NkLRjQsXCrYKTSmZ9E4bzGSG5I5Qhn6JG3/FjQtFBFf6N6btLHwduHA4597k3hOmSlr0/U9vYnJqemZ2br60sLi0vFJeXWvYJDMC6iJRibkJuQUlNdRRooKb1ACPQwXX4e3p0L++A2Nloq+wn0Ir5l0tIyk4Oqld3j8/Zgoi3KYshK7UOTeG9we5GFCmM8oYBcpAdwqdGdnt4U67XPGr/gj0LwkKUiEFLtrld9ZJRBaDRqG4tc3AT7HlHkUpFAxKLLOQcnHLu9B0VPMYbCsfnTegW07p0CgxrjTSkfp9Iuextf04dJ0xx5797Q3F/7xmhtFRK5c6zRC0GH8UZYpiQodZ0Y40IFD1HeHCSLcrFT1uuECXaMmFEPw++S9p7FaDg2pwuVepnRRxzJENskm2SUAOSY2ckQtSJ4Lck0fyTF68B+/Je/Xexq0TXjGzTn7A+/gCQSailw==</latexit>

L =

✓
⌫
e

◆

<latexit sha1_base64="RQBZN6wq1dY10AamcGWxLSXc8R0=">AAACGXicbZC7TsMwFIadcivlFmBksaiQmKoEIWCsYGEsEr1IbVQ5zklr1XEi20GKorwGC6/CwgBCjDDxNrhtBmg5kuVP/7nY5/cTzpR2nG+rsrK6tr5R3axtbe/s7tn7Bx0Vp5JCm8Y8lj2fKOBMQFszzaGXSCCRz6HrT26m+e4DSMVica+zBLyIjAQLGSXaSEPbwQMfRkzkREqSFTktjEBknpp7MMfAIIigrBjadafhzAIvg1tCHZXRGtqfgyCmaQRCU06U6rtOoj0zTTPKoagNUgUJoRMygr5BQSJQXj7brMAnRglwGEtzhMYz9XdHTiKlssg3lRHRY7WYm4r/5fqpDq+8nIkk1SDo/KEw5VjHeGoTDpgEqnlmgFDJzF8xHRNJqDZm1owJ7uLKy9A5a7gXDffuvN68Lu2ooiN0jE6Riy5RE92iFmojih7RM3pFb9aT9WK9Wx/z0opV9hyiP2F9/QCcJaFR</latexit>

ū
d̄

<latexit sha1_base64="cp2lucxk66KVop42BkPTytmk7NA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMGit1+gFVGc4G1Zpbd+cgq8QrSA0KNAfVr/4wZmmE0jBBte55bmL8jCrDmcBZpZ9qTCib0BH2LJU0Qu1n83Nn5MwqQxLGypY0ZK7+nshopPU0CmxnRM1YL3u5+J/XS01442dcJqlByRaLwlQQE5P8dzLkCpkRU0soU9zeStiYKsqMTahiQ/CWX14l7Yu6d1X3Hi5rjdsijjKcwCmcgwfX0IB7aEILGEzgGV7hzUmcF+fd+Vi0lpxi5hj+wPn8AYkRj7Q=</latexit>

ē

<latexit sha1_base64="r7NcOXdlyKPwYCOnbI4hoD0lU18=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94iThfkQHSoSCUbSSn3V1RFCLsaBy2itX3Ko7B1klXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+9JScWaVPwljbUkjm6u+JjEbGTKLAdkYUh2bZm4n/eZ0Uwxs/EypJkSu2WBSmkmBMZgmQvtCcoZxYQpkW9lbChlRThjankg3BW355lTQvqt5V1Xu4rNRu8ziKcAKncA4eXEMN7qEODWDwBM/wCm/O2Hlx3p2PRWvByWeO4Q+czx8XepJQ</latexit>

trivial

<latexit sha1_base64="r7NcOXdlyKPwYCOnbI4hoD0lU18=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94iThfkQHSoSCUbSSn3V1RFCLsaBy2itX3Ko7B1klXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+9JScWaVPwljbUkjm6u+JjEbGTKLAdkYUh2bZm4n/eZ0Uwxs/EypJkSu2WBSmkmBMZgmQvtCcoZxYQpkW9lbChlRThjankg3BW355lTQvqt5V1Xu4rNRu8ziKcAKncA4eXEMN7qEODWDwBM/wCm/O2Hlx3p2PRWvByWeO4Q+czx8XepJQ</latexit>

trivial

<latexit sha1_base64="r7NcOXdlyKPwYCOnbI4hoD0lU18=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94iThfkQHSoSCUbSSn3V1RFCLsaBy2itX3Ko7B1klXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+9JScWaVPwljbUkjm6u+JjEbGTKLAdkYUh2bZm4n/eZ0Uwxs/EypJkSu2WBSmkmBMZgmQvtCcoZxYQpkW9lbChlRThjankg3BW355lTQvqt5V1Xu4rNRu8ziKcAKncA4eXEMN7qEODWDwBM/wCm/O2Hlx3p2PRWvByWeO4Q+czx8XepJQ</latexit>

trivial
<latexit sha1_base64="r7NcOXdlyKPwYCOnbI4hoD0lU18=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94iThfkQHSoSCUbSSn3V1RFCLsaBy2itX3Ko7B1klXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+9JScWaVPwljbUkjm6u+JjEbGTKLAdkYUh2bZm4n/eZ0Uwxs/EypJkSu2WBSmkmBMZgmQvtCcoZxYQpkW9lbChlRThjankg3BW355lTQvqt5V1Xu4rNRu8ziKcAKncA4eXEMN7qEODWDwBM/wCm/O2Hlx3p2PRWvByWeO4Q+czx8XepJQ</latexit>

trivial

<latexit sha1_base64="DrNc5FRPt5jDDyIZ+/d3VvfAoSQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01EqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSvXdW65crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdV71a1bu7qNSv8ziKcATHcAoeXEIdbqEBTWAwhCd4gVdHOs/Om/O+aC04+cwh/ILz8Q1gE400</latexit>

1/6

<latexit sha1_base64="RZHifP6bI8Wz0WEZZ72RtaM7KgQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi3W3inosevFYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+C7z209UaRbJRzOJqS/wULKQEWwy6ax2ftEvV9yqOwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPvp7NYpOrHKAIWRsiUNmqm/J1IstJ6IwHYKbEZ60cvE/7xuYsIbP2UyTgyVZL4oTDgyEcoeRwOmKDF8YgkmitlbERlhhYmx8ZRsCN7iy8ukVat6V1Xv4bJSv83jKMIRHMMpeHANdbiHBjSBwAie4RXeHOG8OO/Ox7y14OQzh/AHzucPxrCNaQ==</latexit>

�2/3
<latexit sha1_base64="IlcRloryWmznVzGtoYC3wH1K+sk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJFIYdN0vp7C0vLK6VlwvbWxube+Ud/eaJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp3js565UrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3z5L2meVr2Lqnd3Xqld53EU4QAO4Rg8uIQa3EIdGsBgAE/wAq+OdJ6dN+d93lpw8pl9+AXn4xtbh40x</latexit>

1/3

<latexit sha1_base64="csjTgaSyD8ZgxneWOrxjl21tUns=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi3W3FPVY9OKxgv2AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyV3md56o0iySj2YaU1/gkWQhI9hk0oV3WRuUK27VnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeGNnzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSrlW9q6r3UK80bvM4inACp3AOHlxDA+6hCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kDw6aNZw==</latexit>

�1/2

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

Times 3 for three 
generations

Known since ‘73

This looks complicated, and naturally people searched for some principle explaining this pattern



SU(5) Unification
1) All particles fit into two irreducible representations of SU(5) Georgi-Glashow ‘74

<latexit sha1_base64="08Ur0znsoht0MWrmluNrdpMmqXQ=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUp4jxVdGBiKRB9Sk1aO47RWnTiyHaQq6jew8CssDCDEysTG3+C0GUrLkSwdnXOPfO/xYkalsqwfo7C0vLK6VlwvbWxube+Yu3tNyROBSQNzxkXbQ5IwGpGGooqRdiwICj1GWt6wlvmtRyIk5dGDGsXEDVE/ogHFSGmpZ544IVIDz0tr4+6Fw2OWSOjc6byPumdw1uyZZatiTQAXiZ2TMshR75nfjs9xEpJIYYak7NhWrNwUCUUxI+OSk0gSIzxEfdLRNEIhkW46OWkMj7Tiw4AL/SIFJ+psIkWhlKPQ05PZjnLey8T/vE6igms3pVGcKBLh6UdBwqDiMOsH+lQQrNhIE4QF1btCPEACYaVbLOkS7PmTF0nztGJfVuz783L1Jq+jCA7AITgGNrgCVXAL6qABMHgCL+ANvBvPxqvxYXxORwtGntkHf2B8/QKuiZ14</latexit>

C5 � ⇤3C5 Split

<latexit sha1_base64="bqUADVaiClgB6wqMp9fM1Br+R6c="></latexit>

SU(5) 3
✓

ei�/3g3 0
0 e�i�/2g2

◆

<latexit sha1_base64="LTRHwtd6ICyg1B71DW6QKH5dmY4=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0WoICWpz4WFYjcuXFSwD2himUym7dDJg5mJUEJ+xo2/4saFRQRX/oqTNotaPTBw5px7ufceJ2RUSMP40nJLyyura/n1wsbm1vaOvrvXEkHEMWnigAW84yBBGPVJU1LJSCfkBHkOI21nVE/99hPhggb+gxyHxPbQwKd9ipFUUk+/tjwkh44T15PH8yqc+51aQcgiMS9VYBWWLAfx2E1O4N1xTy8aZWMK+JeYGSmCDI2ePrHcAEce8SVmSIiuaYTSjhGXFDOSFKxIkBDhERqQrqI+8oiw4+mVCTxSigv7AVfPl3CqznfEyBNi7DmqMl1ZLHqp+J/XjWT/yo6pH0aS+Hg2qB8xKAOYRgZdygmWbKwIwpyqXSEeIo6wVMEWVAjm4sl/SatSNi/K5v1ZsXaTxZEHB+AQlIAJLkEN3IIGaAIMnsEreAcT7UV70z60z1lpTst69sEvaN8/0tykKw==</latexit>

C5 = C3 � C2 = (d̄, L)

<latexit sha1_base64="MIyJu5VtIKdnz0US6y/Lho2rDBI="></latexit>

⇤3C5 = ⇤3C3 � ⇤2C3 ⌦ C2 � C3 ⌦ ⇤2C2

Charge calculation:

<latexit sha1_base64="KVqf6wtUrcVaEeboi0SJ+6Uogdk=">AAACD3icbZDLSgMxFIbP1Futt1GXboJFEcEyU6W6EYpuXFawF2iHkkkzbWjmQpIRyjBv4MZXceNCEbdu3fk2pu1QtPpD4Mt/ziE5vxtxJpVlfRm5hcWl5ZX8amFtfWNzy9zeacgwFoTWSchD0XKxpJwFtK6Y4rQVCYp9l9OmO7we15v3VEgWBndqFFHHx/2AeYxgpa2ueVg+7ngCk8ROk9P0ZMbl9BLNLpW0axatkjUR+gt2BkXIVOuan51eSGKfBopwLGXbtiLlJFgoRjhNC51Y0giTIe7TtsYA+1Q6yWSfFB1op4e8UOgTKDRxf04k2Jdy5Lu608dqIOdrY/O/WjtW3oWTsCCKFQ3I9CEv5kiFaBwO6jFBieIjDZgIpv+KyADrFJSOsKBDsOdX/guNcsmulOzbs2L1KosjD3uwD0dgwzlU4QZqUAcCD/AEL/BqPBrPxpvxPm3NGdnMLvyS8fEN6xWb+Q==</latexit>

2 ⇤ 1

3
� 1

2
=

1

6

<latexit sha1_base64="Ik4spUeVp0erJFzJ25/J8UuR3aQ=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgE8VCyVtSLUPTisYL9gDaUzXbTLt1swu5GqCG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR23W+rsLK6tr5R3Cxtbe/slu29/ZaKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHt1G8/UqlYJB70JKZeiIeCBYxgbaS+Xa6d9gKJSYqytJZdo75dcavuDM4yQTmpQI5G3/7qDSKShFRowrFSXeTG2kux1IxwmpV6iaIxJmM8pF1DBQ6p8tLZ4ZlzbJSBE0TSlNDOTP09keJQqUnom84Q65Fa9Kbif1430cGVlzIRJ5oKMl8UJNzRkTNNwRkwSYnmE0Mwkczc6pARNjlok1XJhIAWX14mrbMquqii+/NK/SaPowiHcAQngOAS6nAHDWgCgQSe4RXerCfrxXq3PuatBSufOYA/sD5/AInpkl4=</latexit>

3 ⇤ 1

3
= 1

<latexit sha1_base64="TMf7cieL0exoFDxRgh0SHWKmG3k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0UoQksSRd0IRTcuK9gHtKFMppN26GQSZiZCCfkFN/6KGxeKuHXnzr9x0gbR1gMD555zL3fu8SJGpbKsL6OwtLyyulZcL21sbm3vmLt7LRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl74+vMb98TIWnI79QkIm6Ahpz6FCOlpb5Z6fkC4cROk5O06hz/VE4KL2F1VjqZ2TfLVs2aAi4SOydlkKPRNz97gxDHAeEKMyRl17Yi5SZIKIoZSUu9WJII4TEakq6mHAVEusn0ohQeaWUA/VDoxxWcqr8nEhRIOQk83RkgNZLzXib+53Vj5V+4CeVRrAjHs0V+zKAKYRYPHFBBsGITTRAWVP8V4hHSKSgdYkmHYM+fvEhaTs0+q9m3p+X6VR5HERyAQ1ABNjgHdXADGqAJMHgAT+AFvBqPxrPxZrzPWgtGPrMP/sD4+AbCW5xY</latexit>

1

3
� 2 ⇤ 1

2
= �2

3

<latexit sha1_base64="cp2lucxk66KVop42BkPTytmk7NA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMGit1+gFVGc4G1Zpbd+cgq8QrSA0KNAfVr/4wZmmE0jBBte55bmL8jCrDmcBZpZ9qTCib0BH2LJU0Qu1n83Nn5MwqQxLGypY0ZK7+nshopPU0CmxnRM1YL3u5+J/XS01442dcJqlByRaLwlQQE5P8dzLkCpkRU0soU9zeStiYKsqMTahiQ/CWX14l7Yu6d1X3Hi5rjdsijjKcwCmcgwfX0IB7aEILGEzgGV7hzUmcF+fd+Vi0lpxi5hj+wPn8AYkRj7Q=</latexit>

ē
<latexit sha1_base64="wcHHGyAeAwPZicrrEneyjqN6PVU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDrRWM2w==</latexit>

Q
<latexit sha1_base64="PatngXgEo2T6b+tttFHhLMLCYII=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp0w+oztLZoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6hGwSSfVfqp4QllEzriPUsVjbjxs/m5M3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2UvF//zeimGN34mVJIiV2yxKEwlwZjkv5Oh0JyhnFpCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXde7isNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB6Fhj8Q=</latexit>

ū

There is clearly some truth here



Spin(10) Unification
2) All particles fit into a single irreducible representations of Spin(10) Fritzsch-Minkowski ‘75

<latexit sha1_base64="NhhNnIjjawbiNYXH/gaJfSDGoJI=">AAACM3icbVDLSsNAFJ34rPUVdelmsAiCUBK16kYodiPioqJ9QJOGyWTaDp08mJkIJfSf3PgjLgRxoYhb/8FJG9C2Hhg4nHMPc+9xI0aFNIxXbW5+YXFpObeSX11b39jUt7brIow5JjUcspA3XSQIowGpSSoZaUacIN9lpOH2K6nfeCBc0DC4l4OI2D7qBrRDMZJKcvRry0ey57pJZWiFEYsFtG5U2kPtY/hrtUtTZmnCvIB3ziF09IJRNEaAs8TMSAFkqDr6s+WFOPZJIDFDQrRMI5J2grikmJFh3ooFiRDuoy5pKRognwg7Gd08hPtK8WAn5OoFEo7Uv4kE+UIMfFdNppuKaS8V//Naseyc2wkNoliSAI8/6sQMyhCmBUKPcoIlGyiCMKdqV4h7iCMsVc15VYI5ffIsqR8VzdOieXtSKF9mdeTALtgDB8AEZ6AMrkAV1AAGj+AFvIMP7Ul70z61r/HonJZldsAEtO8ffZ6qIA==</latexit>

C� ⇤3C5 � ⇤5C5 = S+

<latexit sha1_base64="xKZBnxHr/vPcyhbWqSKkQkjtSr8=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCG1S5UgXmMFC2MRpK3URJXjOq1V24lsB6mKMrPwKywMIMTKF7DxN7iPAVqOdKWjc+7VvfeECaNKO863VVhaXlldK66XNja3tnfs3b2milOJiYdjFst2iBRhVBBPU81IO5EE8ZCRVji8HvutByIVjcW9HiUk4KgvaEQx0kbq2oeZLzm88/LKWdVXaaiIhlMpoSKvuE61a5edmjMBXCTujJTBDI2u/eX3YpxyIjRmSKmO6yQ6yJDUFDOSl/xUkQThIeqTjqECcaKCbPJKDo+N0oNRLE0JDSfq74kMcaVGPDSdHOmBmvfG4n9eJ9XRZZBRkaSaCDxdFKUM6hiOc4E9KgnWbGQIwpKaWyEeIImwNumVTAju/MuLpHlSc89r7u1puX41i6MIDsARqAAXXIA6uAEN4AEMHsEzeAVv1pP1Yr1bH9PWgjWb2Qd/YH3+AP+zmS0=</latexit>

SU(5) ⇢ Spin(10) Weyl spinor representation of Spin(10)

This is particularly compelling, because all particles fit into a single irreducible representation

Also predicts that there is a new particle, completely neutral with respect to all interactions - right-handed neutrino

One needs to select some mechanism by which GUT gauge group is broken to the SM gauge group, and write down a concrete 
physics model for this, which is then to be phenomenologically tested.

This is where things go murky. Too many possibilities, too many models. SU(5) models have been ruled out 
experimentally. Too many parameters in the Spin(10) model. Some additional principle is needed.

This talk: New characterisation of 
<latexit sha1_base64="FI05hyc17Iv6yYQsPiOv1md/Llg=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0Wom5KIqMuiC90IFe0DmhAm02k7dGYSZiZCCVm78VfcuFDErV/gzr9x2mahrQcuHM65l3vvCWNGlXacb6uwsLi0vFJcLa2tb2xu2ds7TRUlEpMGjlgk2yFShFFBGppqRtqxJIiHjLTC4eXYbz0QqWgk7vUoJj5HfUF7FCNtpMDevwpST3J4d5NBTyWhIhpOhZiKrOI6R4FddqrOBHCeuDkpgxz1wP7yuhFOOBEaM6RUx3Vi7adIaooZyUpeokiM8BD1ScdQgThRfjp5JYOHRunCXiRNCQ0n6u+JFHGlRjw0nRzpgZr1xuJ/XifRvXM/pSJONBF4uqiXMKgjOM4FdqkkWLORIQhLam6FeIAkwtqkVzIhuLMvz5PmcdU9rbq3J+XaRR5HEeyBA1ABLjgDNXAN6qABMHgEz+AVvFlP1ov1bn1MWwtWPrML/sD6/AFZBJll</latexit>

GSM ⇢ Spin(10)



Complex structures
<latexit sha1_base64="UZVXtbZdAWMtqF+y6s7esvrsUEI=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwoSUpvhCEohvpqop9QJOWyWTaDp08nJkIJeRL3PgrblwoIrjSv3HSZqGtBwYO59zL3HOckFEhDeNby83NLywu5ZcLK6tr6xv65lZDBBHHpI4DFvCWgwRh1Cd1SSUjrZAT5DmMNJ3hVeo3HwgXNPDv5Cgktof6Pu1RjKSSuvpx9RxaHpIDx4lvk05sGgm0ZDCtHUDrPkIurHbK8OLQ7OpFo2SMAWeJmZEiyFDr6p+WG+DII77EDAnRNo1Q2jHikmJGkoIVCRIiPER90lbURx4RdjyOl8A9pbiwF3D1fAnH6u+NGHlCjDxHTaZXi2kvFf/z2pHsndkx9cNIEh9PPupFDKr8aVfQpZxgyUaKIMypuhXiAeIIS9VoQZVgTkeeJY1yyTwpmTdHxcplVkce7IBdsA9McAoq4BrUQB1g8AiewSt40560F+1d+5iM5rRsZxv8gfb1AwaToIQ=</latexit>

J : R10 ! R10, J2 = �11) Let be an orthogonal complex structure on 
<latexit sha1_base64="Nc/Zv5h3IOESBFs8/I8iKI1mvDA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUZdFNy6r2Ae0sUymk3boZBJmJkIN+RI3LhRx66e482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zm7V3ttvqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+55FKxSJxr6cx9UI8EixgBGsjDexqP8R67PvpXfaQuk42sGtO3ZkBLRO3IDUo0BzYX/1hRJKQCk04VqrnOrH2Uiw1I5xmlX6iaIzJBI9oz1CBQ6q8dBY8Q8dGGaIgkuYJjWbq740Uh0pNQ99M5jHVopeL/3m9RAeXXspEnGgqyPxQkHCkI5S3gIZMUqL51BBMJDNZERljiYk2XVVMCe7il5dJ+7Tuntfd27Na46qoowyHcAQn4MIFNOAGmtACAgk8wyu8WU/Wi/VufcxHS1axcwB/YH3+AKFlkxI=</latexit>

R10

<latexit sha1_base64="XPonQMDToPFBUpENNhIbHUt4WRU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIqBQKRRdKN1a0D2hKmUyn6dDJJM5MhBLyC278FTcuFHHrzp1/47TNQlsPXDiccy/33uOGjEplWd9GZmFxaXklu5pbW9/Y3DK3dxoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIcXY7/5QISkAb9To5B0fORx2qcYKS11zcJlt1oqQyeGnkM5jB3hw9vrpGBbhyXnPkI96FXLVc9JumbeKloTwHlipyQPUtS65pfTC3DkE64wQ1K2bStUnRgJRTEjSc6JJAkRHiKPtDXlyCeyE08+SuCBVnqwHwhdXMGJ+nsiRr6UI9/VnT5SAznrjcX/vHak+medmPIwUoTj6aJ+xKAK4Dge2KOCYMVGmiAsqL4V4gESCCsdYk6HYM++PE8aR0X7pGjfHOcr52kcWbAH9kEB2OAUVMAVqIE6wOARPINX8GY8GS/Gu/Exbc0Y6cwu+APj8weL/Zr5</latexit>

GJ := {g 2 SO(10) : gJ = Jg} We have
<latexit sha1_base64="j/tl9r0QQcJYk4ZPjhuRg6Qft94=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkoifl2EogfFUwXTFtpYNttNu3Q3CbsbpYT+Dy8eFPHqf/Hmv3Hb5qCtDwYe780wM8+POVPatr+t3MLi0vJKfrWwtr6xuVXc3qmrKJGEuiTikWz6WFHOQupqpjltxpJi4XPa8AdXY7/xSKViUXivhzH1BO6FLGAEayM9XHduL9K2FMgdlU8OO8WSXbEnQPPEyUgJMtQ6xa92NyKJoKEmHCvVcuxYeymWmhFOR4V2omiMyQD3aMvQEAuqvHRy9QgdGKWLgkiaCjWaqL8nUiyUGgrfdAqs+2rWG4v/ea1EB+deysI40TQk00VBwpGO0DgC1GWSEs2HhmAimbkVkT6WmGgTVMGE4My+PE/qRxXntOLcHZeql1kcediDfSiDA2dQhRuogQsEJDzDK7xZT9aL9W59TFtzVjazC39gff4Ay1ORZw==</latexit>

GJ = U(5)

The space splits into two eigenspaces of J
<latexit sha1_base64="SJd379qrLC5u6bN+c/h+v9fovhM=">AAACFHicbVBNS8MwGE7n15xfVY9egkMQhNGKqBdhKIJ4muI+YK0lzdItLG1Kkgqj9Ed48a948aCIVw/e/DemWw+6+ULIw/O+z5s8jx8zKpVlfRulufmFxaXycmVldW19w9zcakmeCEyamDMuOj6ShNGINBVVjHRiQVDoM9L2hxd5v/1AhKQ8ulOjmLgh6kc0oBgpTXnmgRMiNfD99Da7T20rg2fw0ruGDo9ZIvWltfnqVJOZZ1atmjUuOAvsAlRBUQ3P/HJ6HCchiRRmSMqubcXKTZFQFDOSVZxEkhjhIeqTroYRCol007GpDO5ppgcDLvSJFByzvxUpCqUchb6ezC3I6V5O/tfrJio4dVMaxYkiEZ48FCQMKg7zhGCPCoIVG2mAsKD6rxAPkEBY6RwrOgR72vIsaB3W7OOafXNUrZ8XcZTBDtgF+8AGJ6AOrkADNAEGj+AZvII348l4Md6Nj8loySg02+BPGZ8/xweeCg==</latexit>

R10 = EJ � EJ

<latexit sha1_base64="tgdArjwHRXpVAU2DtalZqMsGGYU="></latexit>

EJ = {v 2 R10
C : Jv = +iv}

2) Let 
<latexit sha1_base64="8in022mz0eLQjY/Wqu+D+Eoizgk=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4kLIpoh6LXqSnCvYD2mXJptk2NJtdk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2MLqd+u0npjSP5YMZJ8yLyEDykFNirNSp+/gc1f2qXyq7FXcGtExwTsqQo+GXvnr9mKYRk4YKonUXu4nxMqIMp4JNir1Us4TQERmwrqWSREx72ezeCTq1Sh+FsbIlDZqpvycyEmk9jgLbGREz1IveVPzP66YmvPYyLpPUMEnni8JUIBOj6fOozxWjRowtIVRxeyuiQ6IINTaiog0BL768TFrVCr6s4PuLcu0mj6MAx3ACZ4DhCmpwBw1oAgUBz/AKb86j8+K8Ox/z1hUnnzmCP3A+fwBFr47R</latexit>

J1, J2 be two commuting complex structures
<latexit sha1_base64="t3XGAu2HKjB/iDiahSgrv0hG6Fo=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KpMi6kYoupGuKtgHtMOQSTNtaOZBkimUoX/ixoUibv0Td/6NmXYW2nrghsM593Jvjp8IrrTjfFtr6xubW9ulnfLu3v7BoX103FZxKilr0VjEsusTxQSPWEtzLVg3kYyEvmAdf3yf+50Jk4rH0ZOeJswNyTDiAadEG8mz7YaHUcOr3eaPKezZFafqzIFWCS5IBQo0PfurP4hpGrJIU0GU6mEn0W5GpOZUsFm5nyqWEDomQ9YzNCIhU242v3yGzo0yQEEsTUUazdXfExkJlZqGvukMiR6pZS8X//N6qQ5u3IxHSapZRBeLglQgHaM8BjTgklEtpoYQKrm5FdERkYRqE1bZhICXv7xK2rUqvqrix8tK/a6IowSncAYXgOEa6vAATWgBhQk8wyu8WZn1Yr1bH4vWNauYOYE/sD5/AA4bkVg=</latexit>

J1J2 = J2J1

Then
<latexit sha1_base64="inR4Enmvd+MaTpI5e/lUqxGH/Nw=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mKqBeh6EXqpYL9wDaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLK6tr5R3Cxtbe/s7tn7By0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Obqd9+olKxWDzocUK9CA8ECxnB2kiPd1d130V1v4p8u+xUnBnQMnFzUoYcDd/+6vVjkkZUaMKxUl3XSbSXYakZ4XRS6qWKJpiM8IB2DRU4osrLZhdP0IlR+iiMpSmh0Uz9PZHhSKlxFJjOCOuhWvSm4n9eN9XhpZcxkaSaCjJfFKYc6RhN30d9JinRfGwIJpKZWxEZYomJNiGVTAju4svLpFWtuOcV9/6sXLvO4yjCERzDKbhwATW4hQY0gYCAZ3iFN0tZL9a79TFvLVj5zCH8gfX5A1Bqj2E=</latexit>

K = J1J2 is an orthogonal product structure
<latexit sha1_base64="F7abpjBgy3KK9XO0jOrZlXS1lPQ=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktol6EohfBSwW3LbRryabZNjSbLElWKEt/gxcPinj1B3nz35i2e9DWBwOP92aYmRcmnGnjut9OYWV1bX2juFna2t7Z3SvvHzS1TBWhPpFcqnaINeVMUN8ww2k7URTHIaetcHQz9VtPVGkmxYMZJzSI8UCwiBFsrOTfPdauvF654lbdGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNjp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFlkDGRpIYKMl8UpRwZiaafoz5TlBg+tgQTxeytiAyxwsTYfEo2BG/x5WXSrFW986p3f1apX+dxFOEIjuEUPLiAOtxCA3wgwOAZXuHNEc6L8+58zFsLTj5zCH/gfP4Au5aN+w==</latexit>

K2 = 1

We obtain a further split

<latexit sha1_base64="jVMO0adsHpMJ44fVgVsX3XBV0Uo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUnE10YoFkFcVbAPaGOYTCft0MmDmYlYQn7FjQtF3Poj7vwbJ20X2npg4HDOvdwzx4s5k8qyvo3C0vLK6lpxvbSxubW9Y+6WWzJKBKFNEvFIdDwsKWchbSqmOO3EguLA47Ttjeq5336kQrIovFfjmDoBHoTMZwQrLblm+dq9RZeoF2A19Ly0nj2cumbFqloToEViz0gFZmi45levH5EkoKEiHEvZta1YOSkWihFOs1IvkTTGZIQHtKtpiAMqnXSSPUOHWukjPxL6hQpN1N8bKQ6kHAeenswzynkvF//zuonyL5yUhXGiaEimh/yEIxWhvAjUZ4ISxceaYCKYzorIEAtMlK6rpEuw57+8SFrHVfusat+dVGpXszqKsA8HcAQ2nEMNbqABTSDwBM/wCm9GZrwY78bHdLRgzHb24A+Mzx9rZZNo</latexit>

EJ = C5

<latexit sha1_base64="ziSGjtRfoHvnh75JK3iKHRG2C8s=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVBLHMiKgboSgFcVXBXqAdh0yaaUMzyZBkhDL0Bdz4Km5cKOLWvTvfxrSdhbb+EPj5zjmcnD+IGVXacb6t3Nz8wuJSfrmwsrq2vmFvbtWVSCQmNSyYkM0AKcIoJzVNNSPNWBIUBYw0gv7VqN54IFJRwe/0ICZehLqchhQjbZBv71X89MZ3h/ACVu4PM98WMUuUAUcT4NtFp+SMBWeNm5kiyFT17a92R+AkIlxjhpRquU6svRRJTTEjw0I7USRGuI+6pGUsRxFRXjq+Zgj3DenAUEjzuIZj+nsiRZFSgygwnRHSPTVdG8H/aq1Eh+deSnmcaMLxZFGYMKgFHEUDO1QSrNnAGIQlNX+FuIckwtoEWDAhuNMnz5r6cck9Lbm3J8XyZRZHHuyAXXAAXHAGyuAaVEENYPAInsEreLOerBfr3fqYtOasbGYb/JH1+QNYCJnb</latexit>

EJ1 = E+
J1

� E�
J1

<latexit sha1_base64="2kHgJj7Pt5SkdjHJlwxFWLoGKjI=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBjSUpoi6LUhBXFewD2hgm02k7dPJgZiKUENz4K25cKOLWr3Dn3zhps9DWAxfOnHMvc+/xIs6ksqxvY2FxaXlltbBWXN/Y3No2d3abMowFoQ0S8lC0PSwpZwFtKKY4bUeCYt/jtOWNrjK/9UCFZGFwp8YRdXw8CFifEay05Jr7qHZ/4iY3rp12ZexJqlAte1ZS1yxZZWsCNE/snJQgR901v7q9kMQ+DRThWMqObUXKSbBQjHCaFruxpBEmIzygHU0D7FPpJJMTUnSklR7qh0JXoNBE/T2RYF/Kse/pTh+roZz1MvE/rxOr/oWTsCCKFQ3I9KN+zJEKUZYH6jFBieJjTTARTO+KyBALTJROrahDsGdPnifNStk+K9u3p6XqZR5HAQ7gEI7BhnOowjXUoQEEHuEZXuHNeDJejHfjY9q6YOQze/AHxucPqSWWVQ==</latexit>

E�
J1

⇢ EJ2where

eigenspaces of K
<latexit sha1_base64="1px2cz7bPOYLWUreRZeDhYCB88g=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GdzO//cS04Yl6tJOUhZIMFY85JdZJQS+VCPerNb/uz4FWCS5IDQo0+9Wv3iChmWTKUkGM6WI/tWFOtOVUsGmllxmWEjomQ9Z1VBHJTJjPj52iM6cMUJxoV8qiufp7IifSmImMXKckdmSWvZn4n9fNbHwT5lylmWWKLhbFmUA2QbPP0YBrRq2YOEKo5u5WREdEE2pdPhUXAl5+eZW0Lur4qo4fLmuN2yKOMpzAKZwDhmtowD00IQAKHJ7hFd485b14797HorXkFTPH8Afe5w8e/I48</latexit>±1

2) For  
<latexit sha1_base64="Nc/Zv5h3IOESBFs8/I8iKI1mvDA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUZdFNy6r2Ae0sUymk3boZBJmJkIN+RI3LhRx66e482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zm7V3ttvqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+55FKxSJxr6cx9UI8EixgBGsjDexqP8R67PvpXfaQuk42sGtO3ZkBLRO3IDUo0BzYX/1hRJKQCk04VqrnOrH2Uiw1I5xmlX6iaIzJBI9oz1CBQ6q8dBY8Q8dGGaIgkuYJjWbq740Uh0pNQ99M5jHVopeL/3m9RAeXXspEnGgqyPxQkHCkI5S3gIZMUqL51BBMJDNZERljiYk2XVVMCe7il5dJ+7Tuntfd27Na46qoowyHcAQn4MIFNOAGmtACAgk8wyu8WU/Wi/VufcxHS1axcwB/YH3+AKFlkxI=</latexit>

R10 there are just two options at this stage
<latexit sha1_base64="u3q9BdfUp5RPF4v6zUrlynOKFTo=">AAACIXicbVDLSsNAFJ34rPUVdelmsAi1i5JI1W6EYjcuK9gHNLFMJpN26OTRmYlQQn/Fjb/ixoUi3Yk/46TNorYeGDhzzr3ce48TMSqkYXxra+sbm1vbuZ387t7+waF+dNwSYcwxaeKQhbzjIEEYDUhTUslIJ+IE+Q4jbWdYT/32M+GChsGjHEfE9lE/oB7FSCqpp1ctH8mB4yT1ydPVLVz4VawwYrFYlExrNIqRC4ul0kVPLxhlYwa4SsyMFECGRk+fWm6IY58EEjMkRNc0ImkniEuKGZnkrViQCOEh6pOuogHyibCT2YUTeK4UF3ohVy+QcKYudiTIF2LsO6oyXVcse6n4n9eNpVe1ExpEsSQBng/yYgZlCNO4oEs5wZKNFUGYU7UrxAPEEZYq1LwKwVw+eZW0Lsvmddl8qBRqd1kcOXAKzkARmOAG1MA9aIAmwOAFvIEP8Km9au/alzadl65pWc8J+APt5xdLTqLt</latexit>

C5 = C4 � C1 (⇤⇤)

<latexit sha1_base64="AS21tX0gDn4wt7oqVmbUzaFm4ug=">AAACIHicbVDLSsNAFJ34rPUVdelmsAjVRUnqo26EYjcuK9gHNLFMJpN26OTRmYlQQj/Fjb/ixoUiutOvcdJmUVsPDJw5517uvceJGBXSML61peWV1bX13EZ+c2t7Z1ff22+KMOaYNHDIQt52kCCMBqQhqWSkHXGCfIeRljOopX7rkXBBw+BejiJi+6gXUI9iJJXU1SuWj2TfcZLa+OHiGs78zqwwYrGYlcrWcBgjFxZPT7p6wSgZE8BFYmakADLUu/qX5YY49kkgMUNCdEwjknaCuKSYkXHeigWJEB6gHukoGiCfCDuZHDiGx0pxoRdy9QIJJ+psR4J8IUa+oyrTbcW8l4r/eZ1Yeld2QoMoliTA00FezKAMYZoWdCknWLKRIghzqnaFuI84wlJlmlchmPMnL5JmuWRelsy780L1JosjBw7BESgCE1RAFdyCOmgADJ7AC3gD79qz9qp9aJ/T0iUt6zkAf6D9/ALSMqK5</latexit>

C5 = C3 � C2 (⇤)

(Simple) proposition: Subgroup of SO(10) that commutes with 
<latexit sha1_base64="8in022mz0eLQjY/Wqu+D+Eoizgk=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4kLIpoh6LXqSnCvYD2mXJptk2NJtdk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2MLqd+u0npjSP5YMZJ8yLyEDykFNirNSp+/gc1f2qXyq7FXcGtExwTsqQo+GXvnr9mKYRk4YKonUXu4nxMqIMp4JNir1Us4TQERmwrqWSREx72ezeCTq1Sh+FsbIlDZqpvycyEmk9jgLbGREz1IveVPzP66YmvPYyLpPUMEnni8JUIBOj6fOozxWjRowtIVRxeyuiQ6IINTaiog0BL768TFrVCr6s4PuLcu0mj6MAx3ACZ4DhCmpwBw1oAgUBz/AKb86j8+K8Ox/z1hUnnzmCP3A+fwBFr47R</latexit>

J1, J2 in case (*) is
<latexit sha1_base64="6rmMkbZFXv+27OO0v24YQd1hbDs=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSxCeylJFfVY9OKxgmmFJpTNdtMu3d2E3Y1QQg9e/CtePCji1R/hzX/jto2grQ8GHu/NMDMvTBhV2nG+rMLK6tr6RnGztLW9s7tn7x+0VZxKTDwcs1jehUgRRgXxNNWM3CWSIB4y0glHV1O/c0+korG41eOEBBwNBI0oRtpIPbuc+ZJDb1I9qfmacqLgj9Co9eyKU3dmgMvEzUkF5Gj17E+/H+OUE6ExQ0p1XSfRQYakppiRSclPFUkQHqEB6RoqkNkXZLMnJvDYKH0YxdKU0HCm/p7IEFdqzEPTyZEeqkVvKv7ndVMdXQQZFUmqicDzRVHKoI7hNBHYp5JgzcaGICypuRXiIZIIa5NbyYTgLr68TNqNuntWd29OK83LPI4iKIMjUAUuOAdNcA1awAMYPIAn8AJerUfr2Xqz3uetBSufOQR/YH18A3vTlrQ=</latexit>

U(3)⇥U(2)

in case (**) is
<latexit sha1_base64="Idu7NKvL5bMuzCRXGByDtskwJx0=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSxCeymJFPVY9OKxgmkLTSib7aZdursJuxuhhB68+Fe8eFDEqz/Cm//GbRtBWx8MPN6bYWZemDCqtON8WYW19Y3NreJ2aWd3b//APjxqqziVmHg4ZrHshkgRRgXxNNWMdBNJEA8Z6YTj65nfuSdS0Vjc6UlCAo6GgkYUI22kvl3OfMmhN602ar6mnCj4I7i1vl1x6s4ccJW4OamAHK2+/ekPYpxyIjRmSKme6yQ6yJDUFDMyLfmpIgnCYzQkPUMFMvuCbP7EFJ4aZQCjWJoSGs7V3xMZ4kpNeGg6OdIjtezNxP+8XqqjyyCjIkk1EXixKEoZ1DGcJQIHVBKs2cQQhCU1t0I8QhJhbXIrmRDc5ZdXSfus7p7X3dtGpXmVx1EEZXACqsAFF6AJbkALeACDB/AEXsCr9Wg9W2/W+6K1YOUzx+APrI9ve+SWtA==</latexit>

U(4)⇥U(1)

To proceed further we need pure spinors



Pure spinors
These are in the Spin(10) spinor orbits of smallest dimension (largest stabiliser)

Proposition: A Weyl spinor of Spin(10) is pure if the stabiliser is
<latexit sha1_base64="2B7/KaqiRH9t4TWUJekKDjwJVjs=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VX/DoWvXis6LaF7VKyadqGJtklmRXK0p/hxYMiXv013vw3pu0etPXBwOO9GWbmRYngBlz32ymsrK6tbxQ3S1vbO7t75f2DpolTTZlPYxHrdkQME1wxHzgI1k40IzISrBWNbqd+64lpw2P1COOEhZIMFO9zSsBKQdbREj/4k+rFabdccWvuDHiZeDmpoByNbvmr04tpKpkCKogxgecmEGZEA6eCTUqd1LCE0BEZsMBSRSQzYTY7eYJPrNLD/VjbUoBn6u+JjEhjxjKynZLA0Cx6U/E/L0ihfx1mXCUpMEXni/qpwBDj6f+4xzWjIMaWEKq5vRXTIdGEgk2pZEPwFl9eJs2zmndZ8+7PK/WbPI4iOkLHqIo8dIXq6A41kI8oitEzekVvDjgvzrvzMW8tOPnMIfoD5/MHB8SQbw==</latexit>

SU(5)

Proposition:
Pure spinors of Spin(10) 
of given parity (modulo 

rescaling) 
<latexit sha1_base64="m36Ivp4Di7mKqp3iY74Rco2a7y8=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vOrfnVVqV3kcRXSIjtAJ8tEFqqEbVEcNRFGKntErenOenBfn3fmYtxacfOYA/YHz+QM6LpN3</latexit>,

Orthogonal complex 
structures on 

Inducing a given 
orientation

<latexit sha1_base64="Nc/Zv5h3IOESBFs8/I8iKI1mvDA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUZdFNy6r2Ae0sUymk3boZBJmJkIN+RI3LhRx66e482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zm7V3ttvqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+55FKxSJxr6cx9UI8EixgBGsjDexqP8R67PvpXfaQuk42sGtO3ZkBLRO3IDUo0BzYX/1hRJKQCk04VqrnOrH2Uiw1I5xmlX6iaIzJBI9oz1CBQ6q8dBY8Q8dGGaIgkuYJjWbq740Uh0pNQ99M5jHVopeL/3m9RAeXXspEnGgqyPxQkHCkI5S3gIZMUqL51BBMJDNZERljiYk2XVVMCe7il5dJ+7Tuntfd27Na46qoowyHcAQn4MIFNOAGmtACAgk8wyu8WU/Wi/VufcxHS1axcwB/YH3+AKFlkxI=</latexit>

R10

<latexit sha1_base64="ZE3b8a/il4HZxcW5ur04Y0CmSL0=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARBKEkItVlsRuXFe0Dmhgm00k7dGYSZiZCCdn4K25cKOLWz3Dn3zhpu9DWAxcO59zLvfeECaNKO863tbS8srq2Xtoob25t7+zae/ttFacSkxaOWSy7IVKEUUFammpGuokkiIeMdMJRo/A7j0QqGot7PU6Iz9FA0IhipI0U2Id3wZmnKIceR3oYhlkjf8jcWh7YFafqTAAXiTsjFTBDM7C/vH6MU06Exgwp1XOdRPsZkppiRvKylyqSIDxCA9IzVCBOlJ9NHsjhiVH6MIqlKaHhRP09kSGu1JiHprM4U817hfif10t1dOVnVCSpJgJPF0UpgzqGRRqwTyXBmo0NQVhScyvEQyQR1iazsgnBnX95kbTPq26t6t5eVOrXszhK4Agcg1PggktQBzegCVoAgxw8g1fwZj1ZL9a79TFtXbJmMwfgD6zPH+tMlfs=</latexit>

S+ ⇠ C16 Pure spinor satisfies 5 quadratic constraints
<latexit sha1_base64="OdmHwfMU8OFS1uqopmN4xe439Fo=">AAACGnicbZDLTgIxFIY7eEO8oS7dNBITWIhTAuqGhOjGJUa5JEBIpxRoaDuTtmNCJvMcbnwVNy40xp1x49tYLgsF/6TJ1/+ck/b8XsCZNq777SRWVtfWN5Kbqa3tnd299P5BXfuhIrRGfO6rpoc15UzSmmGG02agKBYepw1vdD2pNx6o0syX92Yc0I7AA8n6jGBjrW4aRW0lYI+JOAuneBcwGWeRmzubXWtxtpTLwTIslk4LxXIBddMZN+9OBZcBzSED5qp205/tnk9CQaUhHGvdQm5gOhFWhhFO41Q71DTAZIQHtGVRYkF1J5quFsMT6/Rg31f2SAOn7u+JCAutx8KznQKboV6sTcz/aq3Q9C87EZNBaKgks4f6IYfGh5OcbCSKEsPHFjBRzP4VkiFWmBibZsqGgBZXXoZ6IY/O8+i2mKlczeNIgiNwDLIAgQtQATegCmqAgEfwDF7Bm/PkvDjvzsesNeHMZw7BHzlfP/xPnQE=</latexit>

dim(Spin(10)/SU(5)) = 45� 24 = 21

Theorem: Let 
<latexit sha1_base64="RQ9KMFkX7rhIQdU+1XI6HZk4yiw=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAIglKSIuqy6MZlRfuAJoTJdNIOnUzCzEQooeCvuHGhiFu/w51/47TNQlsPXO7hnHuZOydIOFPatr+twtLyyupacb20sbm1vVPe3WupOJWENknMY9kJsKKcCdrUTHPaSSTFUcBpOxjeTPz2I5WKxeJBjxLqRbgvWMgI1kbyywduopjvnE1bDblMoHv/1C9X7Ko9BVokTk4qkKPhl7/cXkzSiApNOFaq69iJ9jIsNSOcjktuqmiCyRD3addQgSOqvGx6/hgdG6WHwliaEhpN1d8bGY6UGkWBmYywHqh5byL+53VTHV55GRNJqqkgs4fClCMdo0kWqMckJZqPDMFEMnMrIgMsMdEmsZIJwZn/8iJp1arORdW5O6/Ur/M4inAIR3ACDlxCHW6hAU0gkMEzvMKb9WS9WO/Wx2y0YOU7+/AH1ucPV+iUcA==</latexit>

 1, 2 2 S+ Be two pure spinors that are orthogonal
<latexit sha1_base64="93QipGNIyYBD05NbAmm8z302n/4=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxISUpom6EohuXFewDmhAm09t26GQSZiZCCf0DN/6KGxeKuHXrzr9x2mahrQcu93DOvczcEyacKe0431ZhaXllda24XtrY3NresXf3mipOJYUGjXks2yFRwJmAhmaaQzuRQKKQQysc3kz81gNIxWJxr0cJ+BHpC9ZjlGgjBfaxx4noc8DegOjMSxQbB+7ppAdVT86sK+wEdtmpOFPgReLmpIxy1AP7y+vGNI1AaMqJUh3XSbSfEakZ5TAueamChNAh6UPHUEEiUH42vWeMj4zSxb1YmhIaT9XfGxmJlBpFoZmMiB6oeW8i/ud1Ut279DMmklSDoLOHeinHOsaTcHCXSaCajwwhVDLzV0wHRBKqTYQlE4I7f/IiaVYr7nnFvTsr167zOIroAB2iE+SiC1RDt6iOGoiiR/SMXtGb9WS9WO/Wx2y0YOU7++gPrM8fuBabzA==</latexit>

h ̂1, 2i = 0
<latexit sha1_base64="5NHkocCNaxT23GcAKLgKLFi5I50=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEsiouKq6MZlRfuAJoTJdNIOnTyYmYgl5FfcuFDErT/izr9x2mahrQeGOZxzL/fe4yecSWVZ30ZpaXllda28XtnY3NreMXerbRmngtAWiXksuj6WlLOIthRTnHYTQXHoc9rxRzcTv/NIhWRx9KDGCXVDPIhYwAhWWvLMqjPEKsuv0L137KhYfyeeWbPq1hRokdgFqUGBpmd+Of2YpCGNFOFYyp5tJcrNsFCMcJpXnFTSBJMRHtCephEOqXSz6e45OtRKHwWx0C9SaKr+7shwKOU49HVliNVQznsT8T+vl6rg0s1YlKSKRmQ2KEg50kdOgkB9JihRfKwJJoLpXREZYoGJ0nFVdAj2/MmLpH1at8/r9t1ZrXFdxFGGfTiAI7DhAhpwC01oAYEneIZXeDNy48V4Nz5mpSWj6NmDPzA+fwB3fJNr</latexit>

ˆ: S+ ! S�

anti-linear mapAnd such that 
<latexit sha1_base64="3+D9UccaBWX73UqLmRf5KdlFBd8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIsgCGWmiLosunFZwT6gHUsmzbShSWZIMkoZ+h9uXCji1n9x59+YTmehrQcu93DOveTmBDFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMv1qzvnWWthvrlilt1M6Bl4uWkAjka/fJXbxCRRFBpCMdadz03Nn6KlWGE02mpl2gaYzLGQ9q1VGJBtZ9mV0/RiVUGKIyULWlQpv7eSLHQeiICOymwGelFbyb+53UTE175KZNxYqgk84fChCMToVkEaMAUJYZPLMFEMXsrIiOsMDE2qJINwVv88jJp1areRdW7O6/Ur/M4inAEx3AKHlxCHW6hAU0goOAZXuHNeXJenHfnYz5acPKdQ/gD5/MHYUqRyA==</latexit>

 1 +  2 is also a pure spinor

Then the subgroup of Spin(10) that stabilises 
<latexit sha1_base64="i03nLG+R2ynuvItvB9xwZpWir+A=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNTmpFN+iWyn7Fn4EskyAnZchR65a+Oj3NsoQrZJJa2w78FMMxNSiY5JNiJ7M8pWxI+7ztqKIJt+F4du2EnDqlR2JtXCkkM/X3xJgm1o6SyHUmFAd20ZuK/3ntDOPrcCxUmiFXbL4oziRBTaavk54wnKEcOUKZEe5WwgbUUIYuoKILIVh8eZk0zivBZSW4vyhXb/I4CnAMJ3AGAVxBFe6gBnVg8AjP8ApvnvZevHfvY9664uUzR/AH3ucPTguO9A==</latexit>

 1 and projectively stabilises 
<latexit sha1_base64="L1v5F2t4hnnzZGfdmNTI2VH3SAw=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9W/fuLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU+PjvU=</latexit>

 2 is
<latexit sha1_base64="m5G0Q/9dgpgNwO6QKwZiY3D5Cro=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FD3oRKtoPbJeSTbNtaJJdkqxQlv0XXjwo4tV/481/Y9ruQVsfDDzem2FmXhBzpo3rfjuFpeWV1bXiemljc2t7p7y719RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1N/NYTVZpF8sGMY+oLPJAsZAQbKz1e99KuEuj+NuuVK27VnQItEi8nFchR75W/uv2IJIJKQzjWuuO5sfFTrAwjnGalbqJpjMkID2jHUokF1X46vThDR1bpozBStqRBU/X3RIqF1mMR2E6BzVDPexPxP6+TmPDCT5mME0MlmS0KE45MhCbvoz5TlBg+tgQTxeytiAyxwsTYkEo2BG/+5UXSPKl6Z1Xv7rRSu8zjKMIBHMIxeHAONbiBOjSAgIRneIU3RzsvzrvzMWstOPnMPvyB8/kDAyeQfQ==</latexit>

GSM



Octonionic model of Spin(10)
The Weyl spinor irreducible representation of Spin(10) is 

<latexit sha1_base64="BcCR/5LPt39eqCipg8BqzqKSe90=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi1WWxG5cV7APaWCbTSTt0MgkzE6GGfIkbF4q49VPc+TdO2iy09cDA4Zx7uWeOH3OmtON8W2vrG5tb26Wd8u7e/kHFPjzqqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefNnO/+0ilYpG417OYeiEeCxYwgrWRhnZlEGI98f20mT2kbj0b2lWn5syBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6z8iBRNMZkise0b6jAIVVeOg+eoTOjjFAQSfOERnP190aKQ6VmoW8m85hq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcpbQCMmKdF8ZggmkpmsiEywxESbrsqmBHf5y6ukc1Fz6zX37rLauCnqKMEJnMI5uHAFDbiFFrSBQALP8Apv1pP1Yr1bH4vRNavYOYY/sD5/AJNtkwk=</latexit>

C16

There is an octonionic model in which this is identified with 
<latexit sha1_base64="87DzBYFBZe0apxdOoG0JVeQFVeY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuAkWwVVJiqjLYjfurGAv0MYwmU7boZNJmJkIJQQ3voobF4q49Snc+TZO2gja+sPAx3/OYc75/YhRqWz7yygsLa+srhXXSxubW9s75u5eS4axwKSJQxaKjo8kYZSTpqKKkU4kCAp8Rtr+uJ7V2/dESBryWzWJiBugIacDipHSlmce9AKkRr6fXKfeD9bTu6SaembZrthTWYvg5FCGXA3P/Oz1QxwHhCvMkJRdx46UmyChKGYkLfViSSKEx2hIuho5Coh0k+kJqXWsnb41CIV+XFlT9/dEggIpJ4GvO7Mt5XwtM/+rdWM1uHATyqNYEY5nHw1iZqnQyvKw+lQQrNhEA8KC6l0tPEICYaVTK+kQnPmTF6FVrThnFefmtFy7zOMowiEcwQk4cA41uIIGNAHDAzzBC7waj8az8Wa8z1oLRj6zD39kfHwDv8yXqA==</latexit>

O
2
C

Concretely, we have the following Clifford generators, viewed as matrices acting on 
<latexit sha1_base64="P3fwCFYn4eI6QKZJDC8D+R5VoDE=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSSFGXxW7cWcFeoI1hMp22QycXZiZCCcGNr+LGhSJufQp3vo2TNoK2/jDw8Z9zmHN+L+JMKsv6MgpLyyura8X10sbm1vaOubvXkmEsCG2SkIei42FJOQtoUzHFaScSFPsep21vXM/q7XsqJAuDWzWJqOPjYcAGjGClLdc86PlYjTwvuU7dH6ynd0k1dc2yVbGmQotg51CGXA3X/Oz1QxL7NFCEYym7thUpJ8FCMcJpWurFkkaYjPGQdjUG2KfSSaYnpOhYO300CIV+gUJT9/dEgn0pJ76nO7Mt5XwtM/+rdWM1uHASFkSxogGZfTSIOVIhyvJAfSYoUXyiARPB9K6IjLDAROnUSjoEe/7kRWidVuyzin1TLdcu8ziKcAhHcAI2nEMNrqABTSDwAE/wAq/Go/FsvBnvs9aCkc/swx8ZH9/C1peq</latexit>

O
4
C

<latexit sha1_base64="kjLRqWx4QnwvfaaUcR3p7JKOJus="></latexit>

�x =

0

BB@

0 0 0 Lx̄

0 0 Lx 0
0 Lx̄ 0 0
Lx 0 0 0

1

CCA

<latexit sha1_base64="Kgz4jWJh0RinMPL0X/yOl26/d9g="></latexit>

�9 =

0

BB@

0 0 1 0
0 0 0 �1
1 0 0 0
0 �1 0 0

1

CCA

<latexit sha1_base64="Hd/TAUfHkkxgqZ6DXfAe+cM+OKY="></latexit>

�10 =

0

BB@

0 0 �i 0
0 0 0 �i
i 0 0 0
0 i 0 0

1

CCA

<latexit sha1_base64="2hUm2FeAhprDxItKuVI59aWhOW4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjTsr2Ac0oUymk3boZBJmJsUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoreJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfJv7nQmVisXiUU8T6kd4KFjICNZG6tv2k8cE8iKsR0GQ3c9Q3646NWcOtErcglShQLNvf3mDmKQRFZpwrFTPdRLtZ1hqRjidVbxU0QSTMR7SnqECR1T52Tz5DJ0ZZYDCWJonNJqrvzcyHCk1jQIzmUdUy14u/uf1Uh1e+xkTSaqpIItDYcqRjlFeAxowSYnmU0MwkcxkRWSEJSbalFUxJbjLX14l7YuaW6+5D5fVxk1RRxlO4BTOwYUraMAdNKEFBCbwDK/wZmXWi/VufSxGS1axcwx/YH3+ABTzk00=</latexit>

x 2 O
<latexit sha1_base64="JiDEq1cLifP7hXmVyUCYKt/2L9Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0Tw5GfYGOhiK2/yM5/4ya5QqMPBh7vzTAzL0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDX1Ww+oNI/lvRkn6Ed0IHnIGTVWurvpPfbKFbfqzkD+Ei8nFchR75U/u/2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NTp2QI6v0SRgrW9KQmfpzIqOR1uMosJ0RNUO96E3F/7xOasILP+MySQ1KNl8UpoKYmEz/Jn2ukBkxtoQyxe2thA2poszYdEo2BG/x5b+keVL1zqre7WmldpnHUYQDOIRj8OAcanANdWgAgwE8wQu8OsJ5dt6c93lrwcln9uEXnI9vNjyNwQ==</latexit>

Lx - the operator of left multiplication by an octonion x

<latexit sha1_base64="FiGHyi63un06Rc+MOvWPx94tHKk="></latexit>

spin(10) 3
✓

A+ ia �Lx̄ + iLȳ

Lx + iLy A0 � ia

◆
A simpler description is available at the level of the Lie algebra

<latexit sha1_base64="bcBL7U3eYu5QRK6tMVmdWoCjbSs=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBahbkoioi6LblxWsA9oQ5lMJ+3QySTMTIQQ6q+4caGIWz/EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96W3udx+pVCwSDzqNqRfisWABI1gbaWhXByHWk0DiaaZiJmZ11zkb2jWn4cyBVolbkBoUaA3tr8EoIklIhSYcK9V3nVh7GZaaEU5nlUGiaIzJFI9p31CBQ6q8bB5+hk6NMkJBJM0TGs3V3xsZDpVKQ99M5lHVspeL/3n9RAfXXsZEnGgqyOJQkHCkI5Q3gUZMUqJ5aggmkpmsiEywxESbviqmBHf5y6ukc95wLxvu/UWteVPUUYZjOIE6uHAFTbiDFrSBQArP8Apv1pP1Yr1bH4vRklXsVOEPrM8fO3uUfQ==</latexit>

spin(10)

This is the restriction to the space 
of Weyl spinors of one chirality

<latexit sha1_base64="+dttQqWsaj5CWDfQLJPw9kdd3rg=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEpSRF0Wu3FnRfuAJobJdNIOnUzCzEQoIUs3/oobF4q49RPc+TdO2graemDgzDn3cu89fsyoVJb1ZRQWFpeWV4qrpbX1jc0tc3unJaNEYNLEEYtEx0eSMMpJU1HFSCcWBIU+I21/WM/99j0Rkkb8Vo1i4oaoz2lAMVJa8sz9G+/YkTSETojUwPfTq+yu6v186plnlq2KNQacJ/aUlMEUDc/8dHoRTkLCFWZIyq5txcpNkVAUM5KVnESSGOEh6pOuphyFRLrp+JAMHmqlB4NI6McVHKu/O1IUSjkKfV2ZbyhnvVz8z+smKjh3U8rjRBGOJ4OChEEVwTwV2KOCYMVGmiAsqN4V4gESCCudXUmHYM+ePE9a1Yp9WrGvT8q1i2kcRbAHDsARsMEZqIFL0ABNgMEDeAIv4NV4NJ6NN+N9Ulowpj274A+Mj29VhpmO</latexit>

S+ ⇠ O
2
C<latexit sha1_base64="68c2uxnPHHN/sB0uSZjvjMyaFT4="></latexit>

A,A0 2 Spin±(8), x, y 2 O, a 2 R



Pure spinors of Spin(10)
<latexit sha1_base64="OsUHx3YxG8HVmzJT9Hff6ghPnUU=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCpJEXVZ7MadFewD2hgm00k7dPJgZiKUUDf+ihsXirj1L9z5N07aCNp6YODMOfdy7z1ezJlUlvVlFJaWV1bXiuuljc2t7R1zd68lo0QQ2iQRj0THw5JyFtKmYorTTiwoDjxO296onvnteyoki8JbNY6pE+BByHxGsNKSax6gXoDV0PPS68ld1f351CeuWbYq1hRokdg5KUOOhmt+9voRSQIaKsKxlF3bipWTYqEY4XRS6iWSxpiM8IB2NQ1xQKWTTi+YoGOt9JEfCf1Chabq744UB1KOA09XZhvKeS8T//O6ifIvnJSFcaJoSGaD/IQjFaEsDtRnghLFx5pgIpjeFZEhFpgoHVpJh2DPn7xIWtWKfVaxb07Ltcs8jiIcwhGcgA3nUIMraEATCDzAE7zAq/FoPBtvxvustGDkPfvwB8bHN0CmlsY=</latexit>

O
2
C

<latexit sha1_base64="LSEgaJnJYcASClckdOqVLCT6exw="></latexit>

 =

✓
↵1 + i↵2

�1 + i�2

◆The action of Spin(10) on spinors of one chirality is that on

two-component column with complexified octonion entries

<latexit sha1_base64="dNSzODjsTEOmr5WGsoGm05BYWLM="></latexit>

h ̂, i = |↵1|2 + |↵2|2 + |�1|2 + |�2|2

Proposition:

A Weyl spinor is pure iff
<latexit sha1_base64="VSZzHgAro6Gb9yzJCHcDMR+SvZs="></latexit>

 =

✓
↵
�

◆
<latexit sha1_base64="S7tfvrj2CuRe9GRdmLUAExJdMqM=">AAACCHicbVDLSgMxFL3js9bXqEsXBovQgpQZEXVTKLpxWcE+oDOUTJppQzMPkoxQhi7d+CtuXCji1k9w59+YaWehrQeSnJxzL8k9XsyZVJb1bSwtr6yurRc2iptb2zu75t5+S0aJILRJIh6Jjocl5SykTcUUp51YUBx4nLa90U3mtx+okCwK79U4pm6AByHzGcFKSz3zqOxgHg/x6eyo1MqOR5W+ZnulZvXMklW1pkCLxM5JCXI0euaX049IEtBQEY6l7NpWrNwUC8UIp5Oik0gaYzLCA9rVNMQBlW46HWSCTrTSR34k9AoVmqq/O1IcSDkOPF0ZYDWU814m/ud1E+VfuSkL40TRkMwe8hOOVISyVFCfCUoUH2uCiWD6r4gMscBE6eyKOgR7fuRF0jqr2hdV++68VL/O4yjAIRxDGWy4hDrcQgOaQOARnuEV3own48V4Nz5mpUtG3nMAf2B8/gBQR5g/</latexit>

(↵,↵) = (�,�) = 0
<latexit sha1_base64="DEu/RNY8qnH40f7MPAmMlsvWC7Y=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTAInsKuiHoRgl48RjAPyC6hd3aSDJl9MNMrhCV48Ve8eFDEq1/hzb9xkuxBEwsaiqpuurv8RAqNtv1tFZaWV1bXiuuljc2t7Z3y7l5Tx6livMFiGau2D5pLEfEGCpS8nSgOoS95yx/eTPzWA1daxNE9jhLuhdCPRE8wQCN1ywcuyGQALgtipK4PKnN9jjC+srvlil21p6CLxMlJheSod8tfbhCzNOQRMgladxw7QS8DhYJJPi65qeYJsCH0ecfQCEKuvWz6wpgeGyWgvViZipBO1d8TGYRaj0LfdIaAAz3vTcT/vE6KvUsvE1GSIo/YbFEvlRRjOsmDBkJxhnJkCDAlzK2UDUABQ5NayYTgzL+8SJqnVee86tydVWrXeRxFckiOyAlxyAWpkVtSJw3CyCN5Jq/kzXqyXqx362PWWrDymX3yB9bnD+6tlyE=</latexit>

↵ · �̄ = 0

A pair of null complexified octonions whose product is zero
<latexit sha1_base64="QK6gAAyWh36sfZYXpgoHIrDv19I=">AAACEnicbZDLSgMxFIYzXmu9jbp0EyyCIpSZIupGKLpxWcFeoDOUTHqmDc1khiQjlKHP4MZXceNCEbeu3Pk2pu0sausPgS//OYfk/EHCmdKO82MtLa+srq0XNoqbW9s7u/befkPFqaRQpzGPZSsgCjgTUNdMc2glEkgUcGgGg9txvfkIUrFYPOhhAn5EeoKFjBJtrI596gVEZl4AmoyuZ7jjnmE2e6907JJTdibCi+DmUEK5ah372+vGNI1AaMqJUm3XSbSfEakZ5TAqeqmChNAB6UHboCARKD+brDTCx8bp4jCW5giNJ+7sREYipYZRYDojovtqvjY2/6u1Ux1e+RkTSapB0OlDYcqxjvE4H9xlEqjmQwOESmb+immfSEK1SbFoQnDnV16ERqXsXpTd+/NS9SaPo4AO0RE6QS66RFV0h2qojih6Qi/oDb1bz9ar9WF9TluXrHzmAP2R9fULU5ad4A==</latexit>

�̄ = �̄1 + i�̄2

There is an invariant Hermitian pairing on 
<latexit sha1_base64="+dttQqWsaj5CWDfQLJPw9kdd3rg=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEpSRF0Wu3FnRfuAJobJdNIOnUzCzEQoIUs3/oobF4q49RPc+TdO2graemDgzDn3cu89fsyoVJb1ZRQWFpeWV4qrpbX1jc0tc3unJaNEYNLEEYtEx0eSMMpJU1HFSCcWBIU+I21/WM/99j0Rkkb8Vo1i4oaoz2lAMVJa8sz9G+/YkTSETojUwPfTq+yu6v186plnlq2KNQacJ/aUlMEUDc/8dHoRTkLCFWZIyq5txcpNkVAUM5KVnESSGOEh6pOuphyFRLrp+JAMHmqlB4NI6McVHKu/O1IUSjkKfV2ZbyhnvVz8z+smKjh3U8rjRBGOJ4OChEEVwTwV2KOCYMVGmiAsqN4V4gESCCudXUmHYM+ePE9a1Yp9WrGvT8q1i2kcRbAHDsARsMEZqIFL0ABNgMEDeAIv4NV4NJ6NN+N9Ulowpj274A+Mj29VhpmO</latexit>

S+ ⇠ O
2
C

octonionic multiplication

the bar denotes octonionic conjugation not touching i



Description of <latexit sha1_base64="hOW51Cc9W+LZkAkb2D5WJ1VIuek=">AAACBnicbVDLSgMxFM3UV62vUZciBItQN2VGRF0WXehGqGgf0BmGTJq2oUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IHM65l5tzwphRpR3n2yosLC4trxRXS2vrG5tb9vZOU0WJxKSBIxbJdogUYVSQhqaakXYsCeIhI61weDn2Ww9EKhqJez2Kic9RX9AexUgbKbD3U09yeBdTkVVc5wh6OoJXwVS8yQK77FSdCeA8cXNSBjnqgf3ldSOccCI0ZkipjuvE2k+R1BQzkpW8RJEY4SHqk46hAnGi/HQSI4OHRunCXiTNExpO1N8bKeJKjXhoJjnSAzXrjcX/vE6ie+d+SkWcaCLw9FAvYdBkHXcCu1QSrNnIEIQlNX+FeIAkwto0VzIluLOR50nzuOqeVt3bk3LtIq+jCPbAAagAF5yBGrgGddAAGDyCZ/AK3qwn68V6tz6mowUr39kFf2B9/gD7nZeK</latexit>

Spin(10) ! GSM

<latexit sha1_base64="5biqRuCjNhbsLKO8atW/8U2eW2s="></latexit>

 1 =

✓
1 + iu

0

◆ <latexit sha1_base64="TzGrYfqfKlDkt5bbWGJE8BNTHYQ="></latexit>

 2 =

✓
0

1 + iu

◆
Let us take - unit imaginary octonion

<latexit sha1_base64="Miz3Q/jG0tnaHKY44ZsWe78TMLg="></latexit>

 1 +  2 =

✓
1 + iu
1 + iu

◆
<latexit sha1_base64="1vKg5Ifgop/cADxzZ7Pqg1BLfzM=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARK2KZEVE3QtGNywr2Ap2hZDKZGppJhiQjlKGP4MZXceNCEbcu3fk2pu0sausPgZ/vnMPJ+YOEUaUd58cqLCwuLa8UV0tr6xubW/b2TlOJVGLSwIIJ2Q6QIoxy0tBUM9JOJEFxwEgr6N+M6q1HIhUV/F4PEuLHqMdpRDHSBnXtwwp0jyGFmRdEMB0eeTgU2rCTKXblQNi1y07VGQvOGzc3ZZCr3rW/vVDgNCZcY4aU6rhOov0MSU0xI8OSlyqSINxHPdIxlqOYKD8bHzSEB4aEMBLSPK7hmE5PZChWahAHpjNG+kHN1kbwv1on1dGln1GepJpwPFkUpQxqAUfpwJBKgjUbGIOwpOavED8gibA2GZZMCO7syfOmeVp1z6vu3Vm5dp3HUQR7YB9UgAsuQA3cgjpoAAyewAt4A+/Ws/VqfVifk9aClc/sgj+yvn4Br2yZOg==</latexit>

(1 + iu) · (1� iu) = 0 So, still a pure spinor

The stabiliser of 
<latexit sha1_base64="i03nLG+R2ynuvItvB9xwZpWir+A=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNTmpFN+iWyn7Fn4EskyAnZchR65a+Oj3NsoQrZJJa2w78FMMxNSiY5JNiJ7M8pWxI+7ztqKIJt+F4du2EnDqlR2JtXCkkM/X3xJgm1o6SyHUmFAd20ZuK/3ntDOPrcCxUmiFXbL4oziRBTaavk54wnKEcOUKZEe5WwgbUUIYuoKILIVh8eZk0zivBZSW4vyhXb/I4CnAMJ3AGAVxBFe6gBnVg8AjP8ApvnvZevHfvY9664uUzR/AH3ucPTguO9A==</latexit>

 1 and projective stabiliser of 
<latexit sha1_base64="L1v5F2t4hnnzZGfdmNTI2VH3SAw=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9W/fuLSv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AU+PjvU=</latexit>

 2 is
<latexit sha1_base64="m5G0Q/9dgpgNwO6QKwZiY3D5Cro=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FD3oRKtoPbJeSTbNtaJJdkqxQlv0XXjwo4tV/481/Y9ruQVsfDDzem2FmXhBzpo3rfjuFpeWV1bXiemljc2t7p7y719RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1N/NYTVZpF8sGMY+oLPJAsZAQbKz1e99KuEuj+NuuVK27VnQItEi8nFchR75W/uv2IJIJKQzjWuuO5sfFTrAwjnGalbqJpjMkID2jHUokF1X46vThDR1bpozBStqRBU/X3RIqF1mMR2E6BzVDPexPxP6+TmPDCT5mME0MlmS0KE45MhCbvoz5TlBg+tgQTxeytiAyxwsTYkEo2BG/+5UXSPKl6Z1Xv7rRSu8zjKMIBHMIxeHAONbiBOjSAgIRneIU3RzsvzrvzMWstOPnMPvyB8/kDAyeQfQ==</latexit>

GSM

Conclusion: in the octonionic model of Spin(10), the choice of 
<latexit sha1_base64="m5G0Q/9dgpgNwO6QKwZiY3D5Cro=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FD3oRKtoPbJeSTbNtaJJdkqxQlv0XXjwo4tV/481/Y9ruQVsfDDzem2FmXhBzpo3rfjuFpeWV1bXiemljc2t7p7y719RRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1N/NYTVZpF8sGMY+oLPJAsZAQbKz1e99KuEuj+NuuVK27VnQItEi8nFchR75W/uv2IJIJKQzjWuuO5sfFTrAwjnGalbqJpjMkID2jHUokF1X46vThDR1bpozBStqRBU/X3RIqF1mMR2E6BzVDPexPxP6+TmPDCT5mME0MlmS0KE45MhCbvoz5TlBg+tgQTxeytiAyxwsTYkEo2BG/+5UXSPKl6Z1Xv7rRSu8zjKMIBHMIxeHAONbiBOjSAgIRneIU3RzsvzrvzMWstOPnMPvyB8/kDAyeQfQ==</latexit>

GSM

is parametrised by a choice of a unit imaginary octonion

Thank you!

<latexit sha1_base64="ooDAzfxxIfy/imMPbPBPss3SXGs=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWNE84DsJsxOZpMhs7PLPJSw5D+8eFDEq//izb9xkuxBEwsaiqpuurvClDOlXffbWVldW9/YLGwVt3d29/ZLB4dNlRhJaIMkPJHtECvKmaANzTSn7VRSHIectsLRzdRvPVKpWCIe9DilQYwHgkWMYG2lbuaHETITnwl03632SmW34s6AlomXkzLkqPdKX34/ISamQhOOlep4bqqDDEvNCKeTom8UTTEZ4QHtWCpwTFWQza6eoFOr9FGUSFtCo5n6eyLDsVLjOLSdMdZDtehNxf+8jtHRVZAxkRpNBZkvigxHOkHTCFCfSUo0H1uCiWT2VkSGWGKibVBFG4K3+PIyaZ5XvGrFu7so167zOApwDCdwBh5cQg1uoQ4NICDhGV7hzXlyXpx352PeuuLkM0fwB87nD6l5kfc=</latexit>

u 2 S6


