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Vorlesungen über das Ikosaeder und die Auflösung der 

Gleichungen vom fünften Grade (1884)


(Lectures on the icosahedron and the solution of equations 

of fifth degree)

1. determine finite subgroups (up to conjugacy) 

G ⇢ SL2(C)

<latexit sha1_base64="k647GGmyjLIaJ7pPww1N3471uXE=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKpcyUii4LXejCRUX7gM5QkjTThiYzQ5IRytAPcOOvuHGhiFs/wJ1/Y6adhbYeCBzOOZfce3DEmdK2/W2trK6tb2zmtvLbO7t7+4WDw7YKY0loi4Q8lF2MFOUsoC3NNKfdSFIkMKcdPG6kfueBSsXC4F5PIuoJNAyYzwjSRuoXildu2VUxVlS75cSVAt7dTPvVUuIKpEcYw8b0zKTsij0DXCZORoogQ7Nf+HIHIYkFDTThSKmeY0faS5DUjHA6zbuxohEiYzSkPUMDJKjyktkxU3hqlAH0Q2leoOFM/T2RIKHURGCTTFdUi14q/uf1Yu1fegkLoljTgMw/8mMOdQjTZuCASUo0nxiCiGRmV0hGSCKiTX95U4KzePIyaVcrTq1yflsr1qtZHTlwDE5ACTjgAtTBNWiCFiDgETyDV/BmPVkv1rv1MY+uWNnMEfgD6/MH/MaaQw==</latexit>

2. compute ring of invariants C[[x, y]]G

<latexit sha1_base64="+Ol8vRDRw3L+5GOPw+FQW4PLBR4=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgQkpSKrosdKHLCvYBaSyT6aQdOnkwMxFjKP6KGxeKuPU/3Pk3TtsstPXAwOGce7lnjhdzJpVlfRtLyyura+uFjeLm1vbOrrm335JRIghtkohHouNhSTkLaVMxxWknFhQHHqdtb1Sf+O17KiSLwluVxtQN8CBkPiNYaalnHmbdAKuh56H62HEezlLXvbvqmSWrbE2BFomdkxLkaPTMr24/IklAQ0U4ltKxrVi5GRaKEU7HxW4iaYzJCA+oo2mIAyrdbJp+jE600kd+JPQLFZqqvzcyHEiZBp6enESV895E/M9zEuVfuhkL40TRkMwO+QlHKkKTKlCfCUoUTzXBRDCdFZEhFpgoXVhRl2DPf3mRtCplu1o+v6mWapW8jgIcwTGcgg0XUINraEATCDzCM7zCm/FkvBjvxsdsdMnIdw7gD4zPH83MlMI=</latexit>
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<latexit sha1_base64="mdrExU+vo4ER8GVn6II4EXWxqcU="></latexit>

invariant subring

rational double point of type An�1

<latexit sha1_base64="bCitsWtdPbgAP4UJN4gOomss4f4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSSloseKF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M72Z++4lrI2L1iJOE+xEdKhEKRtFK7dt+pi69ab9UdivuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdKqVrxa5eqhVq5X8zgKcApncAEeXEMd7qEBTWAwhmd4hTcncV6cd+dj0brm5DMn8AfO5w+yhY8c</latexit>

C[[a, b, c]]/(cn � ab)

<latexit sha1_base64="6vbnZZCLlr79RGubdJRGDGs0L/M=">AAACBnicbVDLSgMxFM3UV62vqksRgkWoUOtMqeiy0I3LCvYB07EkaaYNzWSGJCOUoSs3/oobF4q49Rvc+Tem7Sy09cCFwzn3cu89OOJMadv+tjIrq2vrG9nN3Nb2zu5efv+gpcJYEtokIQ9lByNFORO0qZnmtBNJigLMaRuP6lO//UClYqG40+OIegEaCOYzgrSRevnjpBsgPcQY1ieui0q4RDzvokjuxTnCZ718wS7bM8Bl4qSkAFI0evmvbj8kcUCFJhwp5Tp2pL0ESc0Ip5NcN1Y0QmSEBtQ1VKCAKi+ZvTGBp0bpQz+UpoSGM/X3RIICpcYBNp3Tm9WiNxX/89xY+9dewkQUayrIfJEfc6hDOM0E9pmkRPOxIYhIZm6FZIgkItoklzMhOIsvL5NWpexUy5e31UKtksaRBUfgBBSBA65ADdyABmgCAh7BM3gFb9aT9WK9Wx/z1oyVzhyCP7A+fwD3FJd3</latexit>

<latexit sha1_base64="yZARITTbld5Kg9OjaRrVY/qiDIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKosdCLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlAgFo2ilh8ZADcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buuuvdXlXotj6MIZ3AOl+DBDdThDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPxPojZw=</latexit>

Cnabstract group
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Felix Klein’s work

binary dihedral

invariant subring

rational double point of type 

✓
⇣2n 0
0 ⇣2n�1
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✓
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◆

<latexit sha1_base64="4B49Qdoj07gGgURF6pvxVT6s64c="></latexit>

abstract group

<latexit sha1_base64="NpnBwJjdMAyzLkAj0V/JqYcuzVM=">AAACGnicbZBNS8MwGMfT+TbnW9Wjl+AQPIzRFkWPw3nwOMG9wFpKmqVbWJqWJBVG6efw4lfx4kERb+LFb2O2FdHNBwK//P/PQ/L8g4RRqSzryyitrK6tb5Q3K1vbO7t75v5BR8apwKSNYxaLXoAkYZSTtqKKkV4iCIoCRrrBuDn1u/dESBrzOzVJiBehIachxUhpyTdt2625KnZrTT9zeF5cMldE8Oo69/mP6xRk+2bVqluzgstgF1AFRbV888MdxDiNCFeYISn7tpUoL0NCUcxIXnFTSRKEx2hI+ho5ioj0stlqOTzRygCGsdCHKzhTf09kKJJyEgW6M0JqJBe9qfif109VeOlllCepIhzPHwpTBlUMpznBARUEKzbRgLCg+q8Qj5BAWOk0KzoEe3HlZeg4dfu8bt2eVRtOEUcZHIFjcApscAEa4Aa0QBtg8ACewAt4NR6NZ+PNeJ+3loxi5hD8KePzG+elnts=</latexit>

1 ! C2n ! BDn ! C2 ! 1

(dicyclic, metacyclic)

<latexit sha1_base64="7dI7R3SqJm5jFRoZaMu4YkrXU0M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSFD0W9OCxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt1L7rZ+qiNu2XK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3dKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuGNnwmVpMgVWywKU0kwJrPfyUBozlBOLKFMC3srYSOqKUObUMmG4C2/vEpatap3VXUfLiv1Wh5HEU7gFM7Bg2uowz00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4AtFaPGg==</latexit>

Dn+2

<latexit sha1_base64="f/TZ1ILoHOw4i9b1MgQtoIggeIU=">AAACEHicbVDLSgMxFM34rPVVdekmWMRKS50pii4L3bisYB8wnZYkzbShmcyQZIQy9BPc+CtuXCji1qU7/8ZM24W2HrhwOOde7r0HR5wpbdvf1srq2vrGZmYru72zu7efOzhsqjCWhDZIyEPZxkhRzgRtaKY5bUeSogBz2sKjWuq3HqhULBT3ehxRL0ADwXxGkDZSL3eWdAKkhxjD2sR1UQmXiOddFFC3UsTdCimSbiKKzuS8l8vbZXsKuEycOcmDOeq93FenH5I4oEITjpRyHTvSXoKkZoTTSbYTKxohMkID6hoqUECVl0wfmsBTo/ShH0pTQsOp+nsiQYFS4wCbzvR6teil4n+eG2v/xkuYiGJNBZkt8mMOdQjTdGCfSUo0HxuCiGTmVkiGSCKiTYZZE4Kz+PIyaVbKzlXZvrvMVyvzODLgGJyAAnDANaiCW1AHDUDAI3gGr+DNerJerHfrY9a6Ys1njsAfWJ8/Y8aa1w==</latexit>

C[[a, b, c]]/(a2 + b2c+ cn+1)
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Felix Klein’s work

binary tetrahedral

binary octahedral

binary icosahedral

E6

<latexit sha1_base64="nfo3LUxLqQvyOiGNh9RMKiULxLA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyG+DgGRPAY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mnGCfkQHkoecUWOlh9veZa9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVspetXxxXy3VKlkceTiBUzgHD66gBndQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBw0uNag==</latexit>

E7

<latexit sha1_base64="FOOlZ70F8VyJGmV2SiUnWw6b7jY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGSDwGRPAY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GN3O//YRK81g+mkmCfkSHkoecUWOlh9t+rV8suWV3AbJOvIyUIEOjX/zqDWKWRigNE1Trrucmxp9SZTgTOCv0Uo0JZWM6xK6lkkao/eni1Bm5sMqAhLGyJQ1ZqL8npjTSehIFtjOiZqRXvbn4n9dNTXjtT7lMUoOSLReFqSAmJvO/yYArZEZMLKFMcXsrYSOqKDM2nYINwVt9eZ20KmWvWr66r5bqlSyOPJzBOVyCBzWowx00oAkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8AxM+Naw==</latexit>

E8

<latexit sha1_base64="czHgrx1Jgc8GbB2OLcFSAIYQlQs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiDkGRPAY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GN3O//YRK81g+mkmCfkSHkoecUWOlh9t+rV8suWV3AbJOvIyUIEOjX/zqDWKWRigNE1Trrucmxp9SZTgTOCv0Uo0JZWM6xK6lkkao/eni1Bm5sMqAhLGyJQ1ZqL8npjTSehIFtjOiZqRXvbn4n9dNTVjzp1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJXLV/dV0v1ShZHHs7gHC7Bg2uowx00oAkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8AxlONbA==</latexit>

<latexit sha1_base64="5Jbo/XomN6pl07tTtik7bhGplxg=">AAACC3icbVC7TgJBFJ31ifhatbSZQEwwENxFjJYkNJaYyCNZFjIzDDBh9pGZWROyobfxV2wsNMbWH7Dzb5yFLRQ8yU1Ozrk3996DQ86ksqxvY219Y3NrO7OT3d3bPzg0j45bMogEoU0S8EB0MJKUM582FVOcdkJBkYc5beNJPfHbD1RIFvj3ahpS10Mjnw0ZQUpLfTMXdz2kxhjD+sxxUAmXiOteFFCvUsS9yyLpVc/7Zt4qW3PAVWKnJA9SNPrmV3cQkMijviIcSenYVqjcGAnFCKezbDeSNERkgkbU0dRHHpVuPP9lBs+0MoDDQOjyFZyrvydi5Ek59bDuTA6Xy14i/uc5kRreuDHzw0hRnywWDSMOVQCTYOCACUoUn2qCiGD6VkjGSCCidHxZHYK9/PIqaVXK9lXZuqvma5U0jgw4BTlQADa4BjVwCxqgCQh4BM/gFbwZT8aL8W58LFrXjHTmBPyB8fkDfZSYtQ==</latexit>

C[[a, b, c]]/(a2 + b3 + c4)

<latexit sha1_base64="SqpHrFYDpSzCimXW+6dAIPT8Og8=">AAACC3icbVC7TgJBFJ31ifhatbSZQEwwENxFiZYkNJaYyCNZFjIzDDBh9pGZWROyobfxV2wsNMbWH7Dzb5yFLRQ8yU1Ozrk3996DQ86ksqxvY219Y3NrO7OT3d3bPzg0j45bMogEoU0S8EB0MJKUM582FVOcdkJBkYc5beNJPfHbD1RIFvj3ahpS10Mjnw0ZQUpLfTMXdz2kxhjD+sxxUAmXiOteFFCvUsS9yyLpVc/7Zt4qW3PAVWKnJA9SNPrmV3cQkMijviIcSenYVqjcGAnFCKezbDeSNERkgkbU0dRHHpVuPP9lBs+0MoDDQOjyFZyrvydi5Ek59bDuTA6Xy14i/uc5kRreuDHzw0hRnywWDSMOVQCTYOCACUoUn2qCiGD6VkjGSCCidHxZHYK9/PIqaVXKdrVs3V3la5U0jgw4BTlQADa4BjVwCxqgCQh4BM/gFbwZT8aL8W58LFrXjHTmBPyB8fkDfxmYtg==</latexit>

C[[a, b, c]]/(a2 + b3 + c5)

<latexit sha1_base64="tbDFud5F/jXCBU7n43SUM9rcRpA=">AAACDHicbVDLTgIxFO3gC/GFunTTSEwwEJwBjS5J2LjERB7JMJC2dKCh80jbMSETPsCNv+LGhca49QPc+Td2YBYKnqTJyTnnpvceHHImlWl+G5m19Y3Nrex2bmd3b/8gf3jUlkEkCG2RgAeii5GknPm0pZjitBsKijzMaQdPGonfeaBCssC/V9OQOh4a+cxlBCktDfKFuOchNcYYNma2jcq4TBznooj61RLu10qY9GvnOmVWzDngKrFSUgApmoP8V28YkMijviIcSWlbZqicGAnFCKezXC+SNERkgkbU1tRHHpVOPD9mBs+0MoRuIPTzFZyrvydi5Ek59bBOJpvLZS8R//PsSLk3Tsz8MFLUJ4uP3IhDFcCkGThkghLFp5ogIpjeFZIxEogo3V9Ol2Atn7xK2tWKdVUx7y4L9WpaRxacgFNQBBa4BnVwC5qgBQh4BM/gFbwZT8aL8W58LKIZI505Bn9gfP4AQReZIA==</latexit>

C[[a, b, c]]/(a2 + b3 + bc3)

rational double point of type

rational double point of type

rational double point of type
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rational double point singularities

<latexit sha1_base64="Iq45liHT2XkSD+p4+Bw2MkrGfAo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7RdRjwYvHCvZDukvJptk2NMkuSVYsS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJxzczv/NIlWaxvDeThAYCDyWLGMHGSg9PftVn0q92++WKW3PnQKvEy0kFcjT75S9/EJNUUGkIx1r3PDcxQYaVYYTTaclPNU0wGeMh7VkqsaA6yOYHT9GZVQYoipUtadBc/T2RYaH1RIS2U2Az0sveTPzP66Umug4yJpPUUEkWi6KUIxOj2fdowBQlhk8swUQxeysiI6wwMTajkg3BW355lbTrNe+y5t5dVBr1PI4inMApnIMHV9CAW2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifPwqXj9w=</latexit>

x 2 X normal surface singularity

rational double point

<latexit sha1_base64="YXSZBXhxj9diZJggExhq1dmfupI=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuEuiFoGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t925ZBJoPR0C0Vo99t+JVvTnwKvFzUkE5Gn33qzdQNI2ZBCqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSyWJmQmy+eFTfGqVAY6UtiUBz9XfExmJjZnEoe2MCYzMsjcT//O6KURXQcZlkgKTdLEoSgUGhWcp4AHXjIKYWEKo5vZWTEdEEwo2q5INwV9+eZW0alX/ourdnVfqtTyOIjpGJ+gM+egS1dENaqAmoihFz+gVvTlPzovz7nwsWgtOPnOE/sD5/AE1DJNm</latexit>, rational + Gorenstein

<latexit sha1_base64="YXSZBXhxj9diZJggExhq1dmfupI=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuEuiFoGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t925ZBJoPR0C0Vo99t+JVvTnwKvFzUkE5Gn33qzdQNI2ZBCqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSyWJmQmy+eFTfGqVAY6UtiUBz9XfExmJjZnEoe2MCYzMsjcT//O6KURXQcZlkgKTdLEoSgUGhWcp4AHXjIKYWEKo5vZWTEdEEwo2q5INwV9+eZW0alX/ourdnVfqtTyOIjpGJ+gM+egS1dENaqAmoihFz+gVvTlPzovz7nwsWgtOPnOE/sD5/AE1DJNm</latexit>, <latexit sha1_base64="pTApV+7XqyWXX5Dz40cc55eXK7w=">AAAB+nicbVDLSgMxFM34rPU11aWbYBFcDGWmiIqrghuXFexDmqFk0rQNzSRDklHK2E9x40IRt36JO//GtJ2Fth64cDjnXu69J0o408b3v52V1bX1jc3CVnF7Z3dv3y0dNLVMFaENIrlU7QhrypmgDcMMp+1EURxHnLai0fXUbz1QpZkUd2ac0DDGA8H6jGBjpa5bQglD3hXy7pGHjEReu+uW/Yo/A1wmQU7KIEe9636hniRpTIUhHGvdCfzEhBlWhhFOJ0WUappgMsID2rFU4JjqMJudPoEnVunBvlS2hIEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9C/DjIkkNVSQ+aJ+yqGRcJoD7DFFieFjSzBRzN4KyRArTIxNq2hDCBZfXibNaiU4r/i3Z+VaNY+jAI7AMTgFAbgANXAD6qABCHgEz+AVvDlPzovz7nzMW1ecfOYQ/IHz+QN2AJLJ</latexit>

⇡ : Y ! X minimal resolution of singularities
<latexit sha1_base64="ig3X7aNarn855qwsyz5RfLxHbkA=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFESkmKqBuh4EbopoJ9SBPDZDpph04ezEwKJfRP3LhQxK1/4s6/cdpmoa0HLhzOuZd77/ETzqSyrG9jZXVtfWOzsFXc3tnd2zcPDlsyTgWhTRLzWHR8LClnEW0qpjjtJILi0Oe07Q9vp357RIVkcfSgxgl1Q9yPWMAIVlryTNNJ2NN53es45RunXPcePbNkVawZ0DKxc1KCHA3P/HJ6MUlDGinCsZRd20qUm2GhGOF0UnRSSRNMhrhPu5pGOKTSzWaXT9CpVnooiIWuSKGZ+nsiw6GU49DXnSFWA7noTcX/vG6qgms3Y1GSKhqR+aIg5UjFaBoD6jFBieJjTTARTN+KyAALTJQOq6hDsBdfXiatasW+rFj3F6VaNY+jAMdwAmdgwxXU4A4a0AQCI3iGV3gzMuPFeDc+5q0rRj5zBH9gfP4Aoj2STw==</latexit>

⇡⇤KX = KY

(Du Val singularity, Kleinian singularity,

 canonical singularity,…)

<latexit sha1_base64="YXSZBXhxj9diZJggExhq1dmfupI=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuEuiFoGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t925ZBJoPR0C0Vo99t+JVvTnwKvFzUkE5Gn33qzdQNI2ZBCqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSyWJmQmy+eFTfGqVAY6UtiUBz9XfExmJjZnEoe2MCYzMsjcT//O6KURXQcZlkgKTdLEoSgUGhWcp4AHXjIKYWEKo5vZWTEdEEwo2q5INwV9+eZW0alX/ourdnVfqtTyOIjpGJ+gM+egS1dENaqAmoihFz+gVvTlPzovz7nwsWgtOPnOE/sD5/AE1DJNm</latexit>, isolated hypersurface singularity 

of multiplicity 2 
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observations and questions

all complex rational double points arise in this way 


     - how much of this is true in positive characteristic?

Artin classified rational double points in positive characteristic:


     - to what extent are all of them ``quotient singularities’’?

Remark:    we will (and have to) allow possibly non-reduced 

                   group schemes from the very beginning
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observations and questions

good / tame linearly reductive group schemes

linear actions


linearly reductive quotient singularities


structure results, invariants,…

bad / wild how much can we actually say?


can we at least understand the wild 

case of rational double points?
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finite group schemes

algebraically closed field


of characteristic

<latexit sha1_base64="VKya5sJT/JPyZLJVOEhWmVYCrPs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW966rbvKrUa3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzweM4w==</latexit>

k

<latexit sha1_base64="7T1prb98DZXQV71mUBkGZlBdhCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCBz22YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmrf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1l1mxeVei2PowgncArn4MEV1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/mHeMvw==</latexit>

G finite group scheme over 
 
(automatically flat)

<latexit sha1_base64="VKya5sJT/JPyZLJVOEhWmVYCrPs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW966rbvKrUa3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzweM4w==</latexit>

k

<latexit sha1_base64="L6TJZJD69ioUy4oiR4py4TERbZ4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Ae0oWy2k3btZhN3N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHst7M0nQj+hQ8pAzaqzUSnpDfHT75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n82un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiaz18mAK2RGTCyhTHF7K2EjqigzNqCSDcFbfnmVtGpV77Lq3l1U6rU8jiKcwCmcgwdXUIdbaEATGDzAM7zCmxM7L86787FoLTj5zDH8gfP5A0oTjuM=</latexit>

p � 0
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characteristic zero

<latexit sha1_base64="reBQBrXLe6EO+Aa5k0b5VX1uSIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoheh4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPSQ3br9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWrepdVt37i0q9lsdRhBM4hXPw4ArqcAcNaAKDITzDK7w5wnlx3p2PRWvByWeO4Q+czx/GxY1p</latexit>

p = 0 equivalence of categories between


             finite group schemes over 


and


             finite (abstract) groups


     


given by
<latexit sha1_base64="QbCP3gnxpbPiUXWMPdbijx+lMaU=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQxChBB2g6LHgId4jGAekF3C7GQ2GTKPZWZWDCG/4sWDIl79EW/+jZNkD5pY0FBUddPdFSWMauN5305uY3Nreye/W9jbPzg8co+LbS1ThUkLSyZVN0KaMCpIy1DDSDdRBPGIkU40vp37nUeiNJXiwUwSEnI0FDSmGBkr9d1iAwaVgKNEGxlUYKM8vui7Ja/qLQDXiZ+REsjQ7LtfwUDilBNhMENa93wvMeEUKUMxI7NCkGqSIDxGQ9KzVCBOdDhd3D6D51YZwFgqW8LAhfp7Yoq41hMe2U6OzEivenPxP6+XmvgmnFKRpIYIvFwUpwwaCedBwAFVBBs2sQRhRe2tEI+QQtjYuAo2BH/15XXSrlX9q6p3f1mq17I48uAUnIEy8ME1qIM70AQtgMETeAav4M2ZOS/Ou/OxbM052cwJ+APn8wevjJLd</latexit>

G 7! G(k)

<latexit sha1_base64="VKya5sJT/JPyZLJVOEhWmVYCrPs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW966rbvKrUa3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzweM4w==</latexit>

k
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characteristic zero

<latexit sha1_base64="reBQBrXLe6EO+Aa5k0b5VX1uSIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoheh4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPSQ3br9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWrepdVt37i0q9lsdRhBM4hXPw4ArqcAcNaAKDITzDK7w5wnlx3p2PRWvByWeO4Q+czx/GxY1p</latexit>

p = 0

the category of linear representations 


is semi-simple

<latexit sha1_base64="c4gVPxzxZAvO7n2Zy5nlQGnapEs=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRVFcFVzUhYsK9gJNCJPJtB06yYSZiVBC9m58FTcuFHHrC7jzbZy2WWjrDwMf/zmHM+cPEkalsu1vY2V1bX1js7RV3t7Z3ds3Dw47kqcCkzbmjItegCRhNCZtRRUjvUQQFAWMdIPx9bTefSBCUh7fq0lCvAgNYzqgGClt+WbFFSMOXevKtWDTtVzFNWSuiGDzNvez0Brnvlm1a/ZMcBmcAqqgUMs3v9yQ4zQiscIMSdl37ER5GRKKYkbysptKkiA8RkPS1xijiEgvm92SwxPthHDAhX6xgjP390SGIiknUaA7I6RGcrE2Nf+r9VM1uPQyGiepIjGeLxqkDCoOp8HAkAqCFZtoQFhQ/VeIR0ggrHR8ZR2Cs3jyMnTqNee8Zt+dVRv1Io4SOAYVcAoccAEa4Aa0QBtg8AiewSt4M56MF+Pd+Ji3rhjFzBH4I+PzB/TVmRA=</latexit>

⇢ : G ! GLd,k
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semi-simplicity

<latexit sha1_base64="KIl10bgkXjywhSVjNqJBzC0MWJE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoicpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD8mN2y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3qXVff+olKv5XEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfISo1q</latexit>

p > 0

Example 1 let G be the group scheme

 

associated to 

<latexit sha1_base64="PXDIV/v3eSO4/Qnef7UhuWfkEe8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKosdCLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00Bgkg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeOtnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qnddde+vKvVaHkcRzuAcLsGDG6jDHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAW8I2e</latexit>

Cp

<latexit sha1_base64="CAJ4SMOC0EoTY8B+E8igV83u9v4="></latexit>

⇢ : G ! GL2

1 7!
✓

1 1
0 1

◆

is not semi-simple
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connected group schemes

<latexit sha1_base64="KIl10bgkXjywhSVjNqJBzC0MWJE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoicpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD8mN2y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3qXVff+olKv5XEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfISo1q</latexit>

p > 0

Example 2 let                 be the subgroup scheme

 

of           of the       roots of unity

<latexit sha1_base64="05n9huUDjq2hxN+r+FcT9qmuOL4=">AAAB9XicbVBNS8NAEJ34WeNX1aOXxSJ4KCUpiiIIBQ96rGA/oIlls922S3eTsLtRSuj/8OJBEa/+F2/+GzdtDtr6YODx3gwz84KYM6Ud59taWl5ZXVsvbNibW9s7u8W9/aaKEklog0Q8ku0AK8pZSBuaaU7bsaRYBJy2gtF15rceqVQsCu/1OKa+wIOQ9RnB2kgPN1758soreyLpxrbdLZacijMFWiRuTkqQo94tfnm9iCSChppwrFTHdWLtp1hqRjid2F6iaIzJCA9ox9AQC6r8dHr1BB0bpYf6kTQVajRVf0+kWCg1FoHpFFgP1byXif95nUT3L/yUhXGiaUhmi/oJRzpCWQSoxyQlmo8NwUQycysiQywx0SaoLAR3/uVF0qxW3LOKc3daqlXzOApwCEdwAi6cQw1uoQ4NICDhGV7hzXqyXqx362PWumTlMwfwB9bnDx4vkOk=</latexit>

G := µp

<latexit sha1_base64="VSrYug18yiCgkqXj87hV8aXJ0GM=">AAAB9XicbVDLSgMxFL3js46vqks3wSK4KjNF0WXBhS4r2Ae0Y8mkmTY0yQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JMTJpxp43nfzsrq2vrGZmnL3d7Z3dsvHxy2dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7H17nffqRKs1jem0lCA4GHkkWMYGOlh57AZhSG2c20L1y3X654VW8GtEz8glSgQKNf/uoNYpIKKg3hWOuu7yUmyLAyjHA6dXuppgkmYzykXUslFlQH2Sz1FJ1aZYCiWNknDZqpvzcyLLSeiNBO5in1opeL/3nd1ERXQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxReUl+ItfXiatWtW/qHp355V6raijBMdwAmfgwyXU4RYa0AQCCp7hFd6cJ+fFeXc+5qMrTrFzBH/gfP4AotGR4w==</latexit>

Gm

<latexit sha1_base64="DAag6MDLQyoiTEzvMdGq5dtn5Cs=">AAAB83icbVBNS8NAEN34WeNX1aOXxSJ4KklR9Fjw4rGC/YAmls120y7dbJbdiVBC/4YXD4p49c9489+4aXPQ1gcDj/dmmJkXKcENeN63s7a+sbm1Xdlxd/f2Dw6rR8cdk2aasjZNRap7ETFMcMnawEGwntKMJJFg3WhyW/jdJ6YNT+UDTBULEzKSPOaUgJUC9ZgHOsEwnrnuoFrz6t4ceJX4JamhEq1B9SsYpjRLmAQqiDF931MQ5kQDp4LN3CAzTBE6ISPWt1SShJkwn988w+dWGeI41bYk4Ln6eyIniTHTJLKdCYGxWfYK8T+vn0F8E+ZcqgyYpItFcSYwpLgIAA+5ZhTE1BJCNbe3YjommlCwMRUh+Msvr5JOo+5f1b37y1qzUcZRQafoDF0gH12jJrpDLdRGFCn0jF7Rm5M5L86787FoXXPKmRP0B87nDwdYkPc=</latexit>

pth

G is a finite group scheme of length p over k
<latexit sha1_base64="vUu0KQaLQE5495P0UUwbrvsJzqU=">AAACFnicbVDLSgMxFM3UV62vUZdugkWoC+tMURRXBTcuK9oHdMaSSW/b0EwmJJlCGfoVbvwVNy4UcSvu/Bunj0WtHrhwcs695N4TSM60cZxvK7O0vLK6ll3PbWxube/Yu3s1HcWKQpVGPFKNgGjgTEDVMMOhIRWQMOBQD/rXY78+AKVZJO7NUIIfkq5gHUaJSaWWfZJ4KsR3EujIu8L9pjcgCqRmPBL+aWHu9SCPc7mWnXeKzgT4L3FnJI9mqLTsL68d0TgEYSgnWjddRxo/IcowymGU82INktA+6UIzpYKEoP1kctYIH6VKG3cilZYweKLOTyQk1HoYBmlnSExPL3pj8T+vGZvOpZ8wIWMDgk4/6sQcmwiPM8JtpoAaPkwJoYqlu2LaI4pQkyY5DsFdPPkvqZWK7nnRuT3Ll0uzOLLoAB2iAnLRBSqjG1RBVUTRI3pGr+jNerJerHfrY9qasWYz++gXrM8fQDmeuA==</latexit>

Spec k["]/("p)

<latexit sha1_base64="9EeqLWT6ONMm6gcsGDiKaWJ/nmg=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQilJUfQiFDzosYK1hSaUzXbbLt1swu6mUEL/iRcPinj1n3jz37hpc9DWBwOP92aYmRfEnCntON9WYW19Y3OruF3a2d3bP7APj55UlEhCWyTikewEWFHOBG1ppjntxJLiMOC0HYxvM789oVKxSDzqaUz9EA8FGzCCtZF6tn1XGZ971RuvirzU9Walnl12as4caJW4OSlDjmbP/vL6EUlCKjThWKmu68TaT7HUjHA6K3mJojEmYzykXUMFDqny0/nlM3RmlD4aRNKU0Giu/p5IcajUNAxMZ4j1SC17mfif10304NpPmYgTTQVZLBokHOkIZTGgPpOUaD41BBPJzK2IjLDERJuwshDc5ZdXyVO95l7WnIeLcqOex1GEEziFCrhwBQ24hya0gMAEnuEV3qzUerHerY9Fa8HKZ47hD6zPH4kpkZo=</latexit>

G(k) = {1}

(non-reduced)

associated abstract group 



16

connected-étale sequence

<latexit sha1_base64="KIl10bgkXjywhSVjNqJBzC0MWJE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoicpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD8mN2y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3qXVff+olKv5XEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfISo1q</latexit>

p > 0 G finite group scheme over k

canonical and split exact sequence

<latexit sha1_base64="sT1RgUN1hOMANNx944063+hsdt8=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwUcpMUXRZcKHLCvYBnbFk0kwbmswMyR2hDP0PN/6KGxeKuBJc+DemL9DWAxdOzrmX3HuCRHANjvNt5VZW19Y38puFre2d3T17/6Ch41RRVqexiFUrIJoJHrE6cBCslShGZCBYMxhcjf3mA1Oax9EdDBPmS9KLeMgpASN17IrrlTyIvdL1feZRruho/v6lK4kZzA23YxedsjMBXibujBTRDLWO/el1Y5pKFgEVROu26yTgZ0QBp4KNCl6qWULogPRY29CISKb9bHLbCJ8YpYvDWJmKAE/U3xMZkVoPZWA6JYG+XvTG4n9eO4Xw0s94lKTAIjr9KEwFhhiPg8JdrhgFMTSEUMXNrpj2iSIUTJwFE4K7ePIyaVTK7nnZuT0rViuzOPLoCB2jU+SiC1RFN6iG6oiiR/SMXtGb9WS9WO/Wx7Q1Z81mDtEfWF8/qaef4w==</latexit>

1 ! G� ! G ! Get ! 1

<latexit sha1_base64="o4l0OO9ecg75ern5S6lXjOG8eTM=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KklR9FjwoMcK9gPaWDbTTbt0s4m7G6GU/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqkDUwFrFqB1QzwSVrGG4EayeK0SgQrBWMrjO/9cSU5rG8N+OE+REdSB5ypMZK7ZuHLnKFxV6p7FbcGcgy8XJShhz1Xumr248xjZg0KKjWHc9NjD+hynAUbFrsppolFEd0wDqWShox7U9m907JqVX6JIyVLWnITP09MaGR1uMosJ0RNUO96GXif14nNeGVP+EySQ2TOF8UpoKYmGTPkz5XDI0YW0JRcXsrwSFVFI2NKAvBW3x5mTSrFe+i4t6dl2vVPI4CHMMJnIEHl1CDW6hDAxAEPMMrvDmPzovz7nzMW1ecfOYI/sD5/AFGO49q</latexit>

G�

<latexit sha1_base64="0HVWg2dfpgXxjSfp5m6f/QoNHMc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mKoseCBz1WsB+QxrLZbtqlu9mwOxFK6M/w4kERr/4ab/4bN20O2vpg4PHeDDPzwkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgsesDRwE6yWaERkK1g0nN7nffWLacBU/wDRhgSSjmEecErCSf/uY9bXEDGaVQbXm1t058CrxClJDBVqD6ld/qGgqWQxUEGN8z00gyIgGTgWbVfqpYQmhEzJivqUxkcwE2fzkGT6zyhBHStuKAc/V3xMZkcZMZWg7JYGxWfZy8T/PTyG6DjIeJymwmC4WRanAoHD+Px5yzSiIqSWEam5vxXRMNKFgU8pD8JZfXiWdRt27rLv3F7Vmo4ijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+Vi0lpxi5hj9gfP5A4rDkLc=</latexit>

Get

connected (infinitesimal)

étale (comes from an abstract group)
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Nagata’s theorem

Theorem (Nagata, 1961)

G a finite group scheme over an

algebraically closed field k of  characteristic            . 

<latexit sha1_base64="MsM8ibXC3camdN2sR/XT1bav9u8=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KklR9CQFLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O2vrG5tb26Wd8u7e/sFh5ei4baPEMN5ikYxMN6CWS6F5CwVK3o0NpyqQvBNM7nK/88SNFZF+xGnMfUVHWoSCUcyl+NYtDypVt+bOQVaJV5AqFGgOKl/9YcQSxTUySa3teW6MfkoNCib5rNxPLI8pm9AR72VUU8Wtn85vnZHzTBmSMDJZaSRz9fdESpW1UxVknYri2C57ufif10swvPFToeMEuWaLRWEiCUYkf5wMheEM5TQjlBmR3UrYmBrKMIsnD8FbfnmVtOs176rmPlxWG/UijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8Af04jX4=</latexit>

p > 0

1) G is linearly reductive, that is, every representation 
                          is semi-simple 

2)  a)            is of length prime to p

      b)            is a finite subgroup scheme of some 


<latexit sha1_base64="4ShBrZwV3FI0Sp/tfWKPtC6hN+8=">AAACBXicbZDNSsNAFIUn9a/Wv6hLXQwWwUUpSVEUVwUXdeGigm2FJoTJZNIOnUnCzEQooRs3voobF4q49R3c+TZO2iy09cDAx7n3cuceP2FUKsv6NkpLyyura+X1ysbm1vaOubvXlXEqMOngmMXi3keSMBqRjqKKkftEEMR9Rnr+6Cqv9x6IkDSO7tQ4IS5Hg4iGFCOlLc88dMQwdmqXTq3l1BylMXMEh62biRdUPLNq1a2p4CLYBVRBobZnfjlBjFNOIoUZkrJvW4lyMyQUxYxMKk4qSYLwCA1IX2OEOJFuNr1iAo+1E8AwFvpFCk7d3xMZ4lKOua87OVJDOV/Lzf9q/VSFF25GoyRVJMKzRWHKoIphHgkMqCBYsbEGhAXVf4V4iATCSgeXh2DPn7wI3UbdPqtbt6fVZqOIowwOwBE4ATY4B01wDdqgAzB4BM/gFbwZT8aL8W58zFpLRjGzD/7I+PwBBfKW7w==</latexit>

⇢ : G ! GLd

<latexit sha1_base64="urpTk1ZOBq/eGxDXlGb8MPKZKSA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KklR9FjwoMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz0cPOYdVVE0Ex6pbJbcWcgy8TLSRly1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1ns4sn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rwys+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSiDcFbfHmZNKsV76Li3p2Xa9U8jgIcwwmcgQeXUINbqEMDGEh4hld4c7Tz4rw7H/PWFSefOYI/cD5/AFLUkKM=</latexit>

Get
<latexit sha1_base64="JP+5fzHVcQgzzTHXMA3Pi19iELk=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd2g6DHgQY8RzEOSNcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nvqtJ6oNU/LejhMaCjyQLGYEWyc93DxmXcI0mfRKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbHTxBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoen3qM80JZaPHcFEM3crIkOsMbEuo6ILIVh8eZk0q5XgouLfnZdr1TyOAhzDCZxBAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8A13uQYg==</latexit>

G�
<latexit sha1_base64="vbpFjJKms7TXS38OHD3+pGEJPjg=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRF0WXBha6kgn1AG8NkOmmHTiZhZiLU0C9x40IRt36KO//GSZuFth4YOJxzL/fMCRLOlHacb2tldW19Y7O0Vd7e2d2r2PsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E46vc7zxSqVgs7vUkoV6Eh4KFjGBtJN+uZP0I61EQoOupHz3c+nbVqTkzoGXiFqQKBZq+/dUfxCSNqNCEY6V6rpNoL8NSM8LptNxPFU0wGeMh7RkqcESVl82CT9GJUQYojKV5QqOZ+nsjw5FSkygwk3lKtejl4n9eL9XhpZcxkaSaCjI/FKYc6RjlLaABk5RoPjEEE8lMVkRGWGKiTVdlU4K7+OVl0q7X3POac3dWbdSLOkpwBMdwCi5cQANuoAktIJDCM7zCm/VkvVjv1sd8dMUqdg7hD6zPH1tuktY=</latexit>

GN
m

TFAE
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Nagata’s theorem

<latexit sha1_base64="urpTk1ZOBq/eGxDXlGb8MPKZKSA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KklR9FjwoMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz0cPOYdVVE0Ex6pbJbcWcgy8TLSRly1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1ns4sn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rwys+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSiDcFbfHmZNKsV76Li3p2Xa9U8jgIcwwmcgQeXUINbqEMDGEh4hld4c7Tz4rw7H/PWFSefOYI/cD5/AFLUkKM=</latexit>

Get

<latexit sha1_base64="JP+5fzHVcQgzzTHXMA3Pi19iELk=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd2g6DHgQY8RzEOSNcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nvqtJ6oNU/LejhMaCjyQLGYEWyc93DxmXcI0mfRKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbHTxBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoen3qM80JZaPHcFEM3crIkOsMbEuo6ILIVh8eZk0q5XgouLfnZdr1TyOAhzDCZxBAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8A13uQYg==</latexit>

G� <latexit sha1_base64="vbpFjJKms7TXS38OHD3+pGEJPjg=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRF0WXBha6kgn1AG8NkOmmHTiZhZiLU0C9x40IRt36KO//GSZuFth4YOJxzL/fMCRLOlHacb2tldW19Y7O0Vd7e2d2r2PsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E46vc7zxSqVgs7vUkoV6Eh4KFjGBtJN+uZP0I61EQoOupHz3c+nbVqTkzoGXiFqQKBZq+/dUfxCSNqNCEY6V6rpNoL8NSM8LptNxPFU0wGeMh7RkqcESVl82CT9GJUQYojKV5QqOZ+nsjw5FSkygwk3lKtejl4n9eL9XhpZcxkaSaCjI/FKYc6RjlLaABk5RoPjEEE8lMVkRGWGKiTVdlU4K7+OVl0q7X3POac3dWbdSLOkpwBMdwCi5cQANuoAktIJDCM7zCm/VkvVjv1sd8dMUqdg7hD6zPH1tuktY=</latexit>

GN
m

concerning 2)

is of length prime to p

is a finite subgroup scheme of some

<latexit sha1_base64="RemDSDbMcezPGN7kqTI/aOAuN9s=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BItQL2W3KHoseNBjBfsB7VqyabYNTbJrMlsoS3+HFw+KePXHePPfmLZ70NYHA4/3ZpiZF8SCG3Ddbye3tr6xuZXfLuzs7u0fFA+PmiZKNGUNGolItwNimOCKNYCDYO1YMyIDwVrB6Gbmt8ZMGx6pB5jEzJdkoHjIKQEr+bePaVdLzGBaHp33iiW34s6BV4mXkRLKUO8Vv7r9iCaSKaCCGNPx3Bj8lGjgVLBpoZsYFhM6IgPWsVQRyYyfzo+e4jOr9HEYaVsK8Fz9PZESacxEBrZTEhiaZW8m/ud1Egiv/ZSrOAGm6GJRmAgMEZ4lgPtcMwpiYgmhmttbMR0STSjYnAo2BG/55VXSrFa8y4p7f1GqVbM48ugEnaIy8tAVqqE7VEcNRNETekav6M0ZOy/Ou/OxaM052cwx+gPn8wfq6ZF9</latexit>

Get(k) is a finite group of order prime to p

<latexit sha1_base64="USimQ6IYiyzEAPw9mapsQvutQ3k=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuEuKFoGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t925ZBJoPR0C0Vo99t+JVvTnwKvFzUkE5Gn33qzdQNI2ZBCqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSyWJmQmy+eFTfGqVAY6UtiUBz9XfExmJjZnEoe2MCYzMsjcT//O6KURXQcZlkgKTdLEoSgUGhWcp4AHXjIKYWEKo5vZWTEdEEwo2q5INwV9+eZW0alX/ourdnVfqtTyOIjpGJ+gM+egS1dENaqAmoihFz+gVvTlPzovz7nwsWgtOPnOE/sD5/AE0uJNl</latexit>,

<latexit sha1_base64="USimQ6IYiyzEAPw9mapsQvutQ3k=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuEuKFoGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t925ZBJoPR0C0Vo99t+JVvTnwKvFzUkE5Gn33qzdQNI2ZBCqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSyWJmQmy+eFTfGqVAY6UtiUBz9XfExmJjZnEoe2MCYzMsjcT//O6KURXQcZlkgKTdLEoSgUGhWcp4AHXjIKYWEKo5vZWTEdEEwo2q5INwV9+eZW0alX/ourdnVfqtTyOIjpGJ+gM+egS1dENaqAmoihFz+gVvTlPzovz7nwsWgtOPnOE/sD5/AE0uJNl</latexit>,
<latexit sha1_base64="W8+N/G94vwTGlagyHdTq4HSbVwQ=">AAACEnicbVDLSgMxFM3UV62vqks3wSIolDJTFN0IBRe6kgr2AZ12yGQybWgmGZKMUIb5Bjf+ihsXirh15c6/MX0stPXAhZNz7iX3Hj9mVGnb/rZyS8srq2v59cLG5tb2TnF3r6lEIjFpYMGEbPtIEUY5aWiqGWnHkqDIZ6TlD6/GfuuBSEUFv9ejmHQj1Oc0pBhpI3nFk2voll0seN8tQzeWIvBSeulkvdvxO0q8NO6l3KNZ5hVLdsWeAC4SZ0ZKYIa6V/xyA4GTiHCNGVKq49ix7qZIaooZyQpuokiM8BD1ScdQjiKiuunkpAweGSWAoZCmuIYT9fdEiiKlRpFvOiOkB2reG4v/eZ1EhxfdlPI40YTj6UdhwqAWcJwPDKgkWLORIQhLanaFeIAkwtqkWDAhOPMnL5JmteKcVey701KtOosjDw7AITgGDjgHNXAD6qABMHgEz+AVvFlP1ov1bn1MW3PWbGYf/IH1+QPe85z3</latexit>

G ⇠=
NY

i=1

µpni
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linearly reductive group schemes

Definition (finite) group schemes G over k, such that all


finite-dimensional representations are


semi-simple are called linearly reductive

characteristic zero: 

positive characteristic:

all are linearly reductive

see Nagata’s theorem
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positive characteristic

equivalence of categories between


             finite and linearly reductive group schemes over 


and

 

            finite (abstract) groups with a 

            unique and abelian p-Sylow subgroup

<latexit sha1_base64="VKya5sJT/JPyZLJVOEhWmVYCrPs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW966rbvKrUa3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBzweM4w==</latexit>

k

<latexit sha1_base64="Ih+reDP4RCCh+w8knWeaY80ZPrI=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O2vrG5tb26Wd8u7e/sFh5ei4baPEMN5ikYxMN6CWS6F5CwVK3o0NpyqQvBNM7nK/88SNFZF+xGnMfUVHWoSCUcyl+NYtDypVt+bOQVaJV5AqFGgOKl/9YcQSxTUySa3teW6MfkoNCib5rNxPLI8pm9AR72VUU8Wtn85vnZHzTBmSMDJZaSRz9fdESpW1UxVknYri2C57ufif10swvPFToeMEuWaLRWEiCUYkf5wMheEM5TQjlBmR3UrYmBrKMIsnD8FbfnmVtOs176rmPlxWG/UijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8Af2MjX8=</latexit>

p > 0
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quotient singularities

Definition A (finite and isolated) quotient singularity over k


a k-scheme that is formally isomorphic to

<latexit sha1_base64="7vatCVfk3XL9MaSy4jWmdG2xPH8=">AAACFnicbVBNS8NAEN34bf2qevSyWIQKNSZFVDwJHvSoaFVIQthsJ+3SzQe7E7GE/gov/hUvHhTxKt78N6YfB60+GHi8N8PMvCCVQqNlfRkTk1PTM7Nz86WFxaXllfLq2rVOMsWhwROZqNuAaZAihgYKlHCbKmBRIOEm6Jz0/Zs7UFok8RV2U/Ai1opFKDjDQvLLO66EEKu5qyJ6mQLvuUe04zj3vl0zTbN27zc9z1Wi1cbt3dOSX65YpjUA/UvsEamQEc798qfbTHgWQYxcMq0d20rRy5lCwSX0Sm6mIWW8w1rgFDRmEWgvH7zVo1uF0qRhooqKkQ7UnxM5i7TuRkHRGTFs63GvL/7nORmGh14u4jRDiPlwUZhJigntZ0SbQgFH2S0I40oUt1LeZopxLJLsh2CPv/yXXNdNe9+0LvYqx/VRHHNkg2ySKrHJATkmZ+ScNAgnD+SJvJBX49F4Nt6M92HrhDGaWSe/YHx8A/Y+nUg=</latexit>

(Spec k[[x1, ..., xd]]) /G

where G is a finite k-group scheme that


acts on


freely outside the closed point.

<latexit sha1_base64="piDPah8/Dd2JlDryTQ3c85NYPCE=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclJAUUXFVcOOyon1AEsJkMmmHTh7MTKQldOfGX3HjQhG3/oI7/8ZJm4W2HrhwOOde7r3HTxkV0jS/taXlldW19cpGdXNre2dX39vviCTjmLRxwhLe85EgjMakLalkpJdygiKfka4/vC787gPhgibxvRynxI1QP6YhxUgqydOPcodH8C4leOJcwaFtjzyrbhhGfeQFrlv19JppmFPARWKVpAZKtDz9ywkSnEUklpghIWzLTKWbIy4pZmRSdTJBUoSHqE9sRWMUEeHm0z8m8EQpAQwTriqWcKr+nshRJMQ48lVnhORAzHuF+J9nZzK8dHMap5kkMZ4tCjMGZQKLUGBAOcGSjRVBmFN1K8QDxBGWKroiBGv+5UXSaRjWuWHentWajTKOCjgEx+AUWOACNMENaIE2wOARPINX8KY9aS/au/Yxa13SypkD8Afa5w8Czpdq</latexit>

Spec k[[x1, ..., xd]]
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linearisation

Definition G a finite k-group scheme


a G-action on


is linear if it factors through 

<latexit sha1_base64="BdLctvRPY+kJRPS3joO5VsaEVv8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclJAUUZcFNy4r2AekIUwmk3boZBJmJtoS+yluXCji1i9x5984abPQ1gMXDufcy733BCmjUtn2t7G2vrG5tV3Zqe7u7R8cmrWjrkwygUkHJywR/QBJwignHUUVI/1UEBQHjPSC8U3h9x6IkDTh92qaEi9GQ04jipHSkm/Wxq478Z2GZVmNiR96XtU367ZlzwFXiVOSOijR9s2vQZjgLCZcYYakdB07VV6OhKKYkVl1kEmSIjxGQ+JqylFMpJfPT5/BM62EMEqELq7gXP09kaNYymkc6M4YqZFc9grxP8/NVHTt5ZSnmSIcLxZFGYMqgUUOMKSCYMWmmiAsqL4V4hESCCudVhGCs/zyKuk2LefSsu8u6q1mGUcFnIBTcA4ccAVa4Ba0QQdg8AiewSt4M56MF+Pd+Fi0rhnlzDH4A+PzB8LdklQ=</latexit>

k[[x1, ..., xd]]

<latexit sha1_base64="AH/B41+Lf2o2mFNxlVldkKOrXlo=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkRdRlwUVduKhgH9CEMJlM2qEzkzAzEUoobvwVNy4UcetXuPNvTNostPXAhcM593LvPX7MqNKW9W2UVlbX1jfKm5Wt7Z3dPXP/oKuiRGLSwRGLZN9HijAqSEdTzUg/lgRxn5GeP77O/d4DkYpG4l5PYuJyNBQ0pBjpTPLMoxZ0ao6OnBpMHclh63bqpUFtPK14ZtWqWzPAZWIXpAoKtD3zywkinHAiNGZIqYFtxdpNkdQUMzKtOIkiMcJjNCSDjArEiXLT2QtTeJopAQwjmZXQcKb+nkgRV2rC/ayTIz1Si14u/ucNEh1euSkVcaKJwPNFYcKgjmCeBwyoJFizSUYQljS7FeIRkgjrLLU8BHvx5WXSbdTti7p1d15tNoo4yuAYnIAzYINL0AQ3oA06AINH8AxewZvxZLwY78bHvLVkFDOH4A+Mzx/BU5Wy</latexit>

G ! GLd,k

w.r.t. the usual               - action on 
<latexit sha1_base64="UiXAz7Ue2mux5IRzeZ8A5SZap3U=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwISUpoi4LLnThooJ9QBvCZDJph85MwsxEqCFf4saFIm79FHf+jZM2C209cOFwzr3ce0+QMKq043xbK6tr6xubla3q9s7uXs3eP+iqOJWYdHDMYtkPkCKMCtLRVDPSTyRBPGCkF0yuC7/3SKSisXjQ04R4HI0EjShG2ki+XcuGksObu9zPwrNJXvXtutNwZoDLxC1JHZRo+/bXMIxxyonQmCGlBq6TaC9DUlPMSF4dpookCE/QiAwMFYgT5WWzw3N4YpQQRrE0JTScqb8nMsSVmvLAdHKkx2rRK8T/vEGqoysvoyJJNRF4vihKGdQxLFKAIZUEazY1BGFJza0Qj5FEWJusihDcxZeXSbfZcC8azv15vdUs46iAI3AMToELLkEL3II26AAMUvAMXsGb9WS9WO/Wx7x1xSpnDsEfWJ8/ya+SeA==</latexit>

GLd,k

<latexit sha1_base64="BdLctvRPY+kJRPS3joO5VsaEVv8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclJAUUZcFNy4r2AekIUwmk3boZBJmJtoS+yluXCji1i9x5984abPQ1gMXDufcy733BCmjUtn2t7G2vrG5tV3Zqe7u7R8cmrWjrkwygUkHJywR/QBJwignHUUVI/1UEBQHjPSC8U3h9x6IkDTh92qaEi9GQ04jipHSkm/Wxq478Z2GZVmNiR96XtU367ZlzwFXiVOSOijR9s2vQZjgLCZcYYakdB07VV6OhKKYkVl1kEmSIjxGQ+JqylFMpJfPT5/BM62EMEqELq7gXP09kaNYymkc6M4YqZFc9grxP8/NVHTt5ZSnmSIcLxZFGYMqgUUOMKSCYMWmmiAsqL4V4hESCCudVhGCs/zyKuk2LefSsu8u6q1mGUcFnIBTcA4ccAVa4Ba0QQdg8AiewSt4M56MF+Pd+Fi0rhnlzDH4A+PzB8LdklQ=</latexit>

k[[x1, ..., xd]]
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linearisation

Definition let G be a finite k-group scheme


a G-action on


is linearisable if it becomes 


linear after a change of coordinates

<latexit sha1_base64="BdLctvRPY+kJRPS3joO5VsaEVv8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclJAUUZcFNy4r2AekIUwmk3boZBJmJtoS+yluXCji1i9x5984abPQ1gMXDufcy733BCmjUtn2t7G2vrG5tV3Zqe7u7R8cmrWjrkwygUkHJywR/QBJwignHUUVI/1UEBQHjPSC8U3h9x6IkDTh92qaEi9GQ04jipHSkm/Wxq478Z2GZVmNiR96XtU367ZlzwFXiVOSOijR9s2vQZjgLCZcYYakdB07VV6OhKKYkVl1kEmSIjxGQ+JqylFMpJfPT5/BM62EMEqELq7gXP09kaNYymkc6M4YqZFc9grxP8/NVHTt5ZSnmSIcLxZFGYMqgUUOMKSCYMWmmiAsqL4V4hESCCudVhGCs/zyKuk2LefSsu8u6q1mGUcFnIBTcA4ccAVa4Ba0QQdg8AiewSt4M56MF+Pd+Fi0rhnlzDH4A+PzB8LdklQ=</latexit>

k[[x1, ..., xd]]
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linearisation

Proposition G a finite k-group scheme 


that acts on


such that the action is free outside the closed


point and fixes the closed point 

<latexit sha1_base64="BdLctvRPY+kJRPS3joO5VsaEVv8=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclJAUUZcFNy4r2AekIUwmk3boZBJmJtoS+yluXCji1i9x5984abPQ1gMXDufcy733BCmjUtn2t7G2vrG5tV3Zqe7u7R8cmrWjrkwygUkHJywR/QBJwignHUUVI/1UEBQHjPSC8U3h9x6IkDTh92qaEi9GQ04jipHSkm/Wxq478Z2GZVmNiR96XtU367ZlzwFXiVOSOijR9s2vQZjgLCZcYYakdB07VV6OhKKYkVl1kEmSIjxGQ+JqylFMpJfPT5/BM62EMEqELq7gXP09kaNYymkc6M4YqZFc9grxP8/NVHTt5ZSnmSIcLxZFGYMqgUUOMKSCYMWmmiAsqL4V4hESCCudVhGCs/zyKuk2LefSsu8u6q1mGUcFnIBTcA4ccAVa4Ba0QQdg8AiewSt4M56MF+Pd+Fi0rhnlzDH4A+PzB8LdklQ=</latexit>

k[[x1, ..., xd]]

TFAE:

1) the G-action is linearisable 

2) G is linearly reductive
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linearisation

if
<latexit sha1_base64="qMTeJOkXh+ug+ccNI1UYbr+XjHg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgopSkiLoRCt24rGAf0IQymU7aoZNJmJkIIdRfceNCEbd+iDv/xkmbhbYeGDiccy/3zPFjRqWy7W+jtLG5tb1T3q3s7R8cHpnHJz0ZJQKTLo5YJAY+koRRTrqKKkYGsSAo9Bnp+7N27vcfiZA04g8qjYkXogmnAcVIaWlkVmdu/datZ26I1NT3s/Z8XhmZNbthL2CtE6cgNSjQGZlf7jjCSUi4wgxJOXTsWHkZEopiRuYVN5EkRniGJmSoKUchkV62CD+3zrUytoJI6MeVtVB/b2QolDINfT2ZZ5SrXi7+5w0TFdx4GeVxogjHy0NBwiwVWXkT1pgKghVLNUFYUJ3VwlMkEFa6r7wEZ/XL66TXbDhXDfv+stZqFnWU4RTO4AIcuIYW3EEHuoAhhWd4hTfjyXgx3o2P5WjJKHaq8AfG5w+0T5Qd</latexit>

k = C then all finite group schemes are linearly


reductive and this result is a 


classical lemma of Cartan

the implication                     is ``well-known to the experts’’
<latexit sha1_base64="FfAlHnaF0libjSOeQY9KBmTSrdQ=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyChVKSIuqy4MZlFfuAJpTJdNIOncyEmYlSYhf+ihsXirj1N9z5N07aLLT1wIXDOfdy7z1BzKjSjvNtLS2vrK6tFzaKm1vbO7v23n5LiURi0sSCCdkJkCKMctLUVDPSiSVBUcBIOxhdZX77nkhFBb/T45j4ERpwGlKMtJF69mGtDL2Kd0sHQ42kFA9eBbrlYs8uOVVnCrhI3JyUQI5Gz/7y+gInEeEaM6RU13Vi7adIaooZmRS9RJEY4REakK6hHEVE+en0/gk8MUofhkKa4hpO1d8TKYqUGkeB6YyQHqp5LxP/87qJDi/9lPI40YTj2aIwYVALmIUB+1QSrNnYEIQlNbdCPEQSYW0iy0Jw519eJK1a1T2vOjdnpXotj6MAjsAxOAUuuAB1cA0aoAkweATP4BW8WU/Wi/Vufcxal6x85gD8gfX5A+4zlBA=</latexit>

2) ) 1)
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lrq singularities

Observation let G be a finite and linearly reductive k-group scheme


given a G-action on


that is free outside the closed point

without loss of generality, G acts linearly,


say via the representation

<latexit sha1_base64="dKI4xN2jIWbG9+pFTrFbBMSUdiI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mKqMeCF49V7Ac0oWy2m3bpZjfsTpQS+je8eFDEq3/Gm//GTZuDtj4YeLw3w8y8MBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJTe53H5k2XMkHmCYsiMlI8ohTAlby/Xs+GgPRWj1VBtWaW3fnwKvEK0gNFWgNql/+UNE0ZhKoIMb0PTeBICMaOBVsVvFTwxJCJ2TE+pZKEjMTZPObZ/jMKkMcKW1LAp6rvycyEhszjUPbGRMYm2UvF//z+ilE10HGZZICk3SxKEoFBoXzAPCQa0ZBTC0hVHN7K6ZjogkFG1Megrf88irpNOreZd29u6g1G0UcZXSCTtE58tAVaqJb1EJtRFGCntErenNS58V5dz4WrSWnmDlGf+B8/gDGlpF2</latexit>)

<latexit sha1_base64="LqdXjQTtfFaoRIC7BcN4Seef31I=">AAACCHicbZDNSsNAFIUn9a/Wv6hLFw4WwUUoSREVVwUXdeGigm2FJoTJZNIOnUnCzEQooUs3voobF4q49RHc+TZO2yy09cDAx7n3cueeIGVUKtv+NkpLyyura+X1ysbm1vaOubvXkUkmMGnjhCXiPkCSMBqTtqKKkftUEMQDRrrB8GpS7z4QIWkS36lRSjyO+jGNKEZKW7556IpB4lqXrtV0LVdpzF3BYfNm7OehNRz7ZtWu2VPBRXAKqIJCLd/8csMEZ5zECjMkZc+xU+XlSCiKGRlX3EySFOEh6pOexhhxIr18esgYHmsnhFEi9IsVnLq/J3LEpRzxQHdypAZyvjYx/6v1MhVdeDmN00yRGM8WRRmDKoGTVGBIBcGKjTQgLKj+K8QDJBBWOruKDsGZP3kROvWac1azb0+rjXoRRxkcgCNwAhxwDhrgGrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkD4X6Ykw==</latexit>

⇢ : G ! GLd,k

<latexit sha1_base64="Pz0Y1ALZufs9XRRzEU28NI2vMpk=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KCEpouKq4MZlRfuAJITJZNoOnUzCzERaQjdu/BU3LhRx6z+482+ctllo64ELh3Pu5d57wpRRqWz721haXlldWy9tlDe3tnd2zb39lkwygUkTJywRnRBJwignTUUVI51UEBSHjLTDwfXEbz8QIWnC79UoJX6Mepx2KUZKS4F5lHsihncpwWPvauC6w8CpWpZVHQaR7wdmxbbsKeAicQpSAQUagfnlRQnOYsIVZkhK17FT5edIKIoZGZe9TJIU4QHqEVdTjmIi/Xz6xRieaCWC3UTo4gpO1d8TOYqlHMWh7oyR6st5byL+57mZ6l76OeVppgjHs0XdjEGVwEkkMKKCYMVGmiAsqL4V4j4SCCsdXFmH4My/vEhaNcs5t+zbs0q9VsRRAofgGJwCB1yAOrgBDdAEGDyCZ/AK3own48V4Nz5mrUtGMXMA/sD4/AFom5cs</latexit>

Spec k[[x1, ..., xd]]
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lrq singularities

given a representation 
<latexit sha1_base64="LqdXjQTtfFaoRIC7BcN4Seef31I=">AAACCHicbZDNSsNAFIUn9a/Wv6hLFw4WwUUoSREVVwUXdeGigm2FJoTJZNIOnUnCzEQooUs3voobF4q49RHc+TZO2yy09cDAx7n3cueeIGVUKtv+NkpLyyura+X1ysbm1vaOubvXkUkmMGnjhCXiPkCSMBqTtqKKkftUEMQDRrrB8GpS7z4QIWkS36lRSjyO+jGNKEZKW7556IpB4lqXrtV0LVdpzF3BYfNm7OehNRz7ZtWu2VPBRXAKqIJCLd/8csMEZ5zECjMkZc+xU+XlSCiKGRlX3EySFOEh6pOexhhxIr18esgYHmsnhFEi9IsVnLq/J3LEpRzxQHdypAZyvjYx/6v1MhVdeDmN00yRGM8WRRmDKoGTVGBIBcGKjTQgLKj+K8QDJBBWOruKDsGZP3kROvWac1azb0+rjXoRRxkcgCNwAhxwDhrgGrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkD4X6Ykw==</latexit>

⇢ : G ! GLd,k

the action is free outside the closed point

<latexit sha1_base64="YXSZBXhxj9diZJggExhq1dmfupI=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuEuiFoGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t925ZBJoPR0C0Vo99t+JVvTnwKvFzUkE5Gn33qzdQNI2ZBCqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSyWJmQmy+eFTfGqVAY6UtiUBz9XfExmJjZnEoe2MCYzMsjcT//O6KURXQcZlkgKTdLEoSgUGhWcp4AHXjIKYWEKo5vZWTEdEEwo2q5INwV9+eZW0alX/ourdnVfqtTyOIjpGJ+gM+egS1dENaqAmoihFz+gVvTlPzovz7nwsWgtOPnOE/sD5/AE1DJNm</latexit>, <latexit sha1_base64="2VoEXSsowZgiIg4N8Mzo5sq4mlI=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBAixLAbRL0IAS8eI5gHZGOYncwmQ2Zml5leISz5Ci/+ihcPingVb/6Nk8dBEwsaiqpuuruCWHADrvvtLC2vrK6tZzaym1vbO7u5vf26iRJNWY1GItLNgBgmuGI14CBYM9aMyECwRjC4HvuNB6YNj9QdDGPWlqSneMgpASt1cqepryXucjnCvmAhFHBhcN89uU99mXSUFTXv9eEE+8Urv+h2cnm35E6AF4k3I3k0Q7WT+/K7EU0kU0AFMabluTG0U6KBU8FGWT8xLCZ0QHqsZakikpl2OnlrhI+t0sVhpG0pwBP190RKpDFDGdhOSaBv5r2x+J/XSiC8bKdcxQkwRaeLwkRgiPA4IxuHZhTE0BJCNbe3YtonmlCwSWZtCN78y4ukXi555yX39ixfKc/iyKBDdIQKyEMXqIJuUBXVEEWP6Bm9ojfnyXlx3p2PaeuSM5s5QH/gfP4AfmmdnQ==</latexit>

dim
�
(kd)µn

�
= 0

<latexit sha1_base64="TP3ugs/CAFVD+6re0l745sqNuks=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi6rLgQpcV7AOaECbTm3boZBLmIdTSL3HjQhG3foo7/8Zpm4W2HrhwOOde7r0nzjlT2vO+nbX1jc2t7dJOeXdv/6DiHh61VWYkhRbNeCa7MVHAmYCWZppDN5dA0phDJx7dzPzOI0jFMvGgxzmEKRkIljBKtJUitxKkJhKBMrECjW9x5Fa9mjcHXiV+QaqoQDNyv4J+Rk0KQlNOlOr5Xq7DCZGaUQ7TcmAU5ISOyAB6lgqSggon88On+MwqfZxk0pbQeK7+npiQVKlxGtvOlOihWvZm4n9ez+jkOpwwkRsNgi4WJYZjneFZCrjPJFDNx5YQKpm9FdMhkYRqm1XZhuAvv7xK2vWaf1nz7i+qjXoRRwmdoFN0jnx0hRroDjVRC1Fk0DN6RW/Ok/PivDsfi9Y1p5g5Rn/gfP4AMT6Sug==</latexit>

µn ⇢ Gfor all                 with

(``no eigenvalue 1’’)

<latexit sha1_base64="22UbYb2mYVu3atXkn3a13901QHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqCcpePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWelA3br9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVb3Lqnt/UanX8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QPFko1p</latexit>

n > 0
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lrq singularities

a representation 
<latexit sha1_base64="LqdXjQTtfFaoRIC7BcN4Seef31I=">AAACCHicbZDNSsNAFIUn9a/Wv6hLFw4WwUUoSREVVwUXdeGigm2FJoTJZNIOnUnCzEQooUs3voobF4q49RHc+TZO2yy09cDAx7n3cueeIGVUKtv+NkpLyyura+X1ysbm1vaOubvXkUkmMGnjhCXiPkCSMBqTtqKKkftUEMQDRrrB8GpS7z4QIWkS36lRSjyO+jGNKEZKW7556IpB4lqXrtV0LVdpzF3BYfNm7OehNRz7ZtWu2VPBRXAKqIJCLd/8csMEZ5zECjMkZc+xU+XlSCiKGRlX3EySFOEh6pOexhhxIr18esgYHmsnhFEi9IsVnLq/J3LEpRzxQHdypAZyvjYx/6v1MhVdeDmN00yRGM8WRRmDKoGTVGBIBcGKjTQgLKj+K8QDJBBWOruKDsGZP3kROvWac1azb0+rjXoRRxkcgCNwAhxwDhrgGrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkD4X6Ykw==</latexit>

⇢ : G ! GLd,k

<latexit sha1_base64="2VoEXSsowZgiIg4N8Mzo5sq4mlI=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBAixLAbRL0IAS8eI5gHZGOYncwmQ2Zml5leISz5Ci/+ihcPingVb/6Nk8dBEwsaiqpuuruCWHADrvvtLC2vrK6tZzaym1vbO7u5vf26iRJNWY1GItLNgBgmuGI14CBYM9aMyECwRjC4HvuNB6YNj9QdDGPWlqSneMgpASt1cqepryXucjnCvmAhFHBhcN89uU99mXSUFTXv9eEE+8Urv+h2cnm35E6AF4k3I3k0Q7WT+/K7EU0kU0AFMabluTG0U6KBU8FGWT8xLCZ0QHqsZakikpl2OnlrhI+t0sVhpG0pwBP190RKpDFDGdhOSaBv5r2x+J/XSiC8bKdcxQkwRaeLwkRgiPA4IxuHZhTE0BJCNbe3YtonmlCwSWZtCN78y4ukXi555yX39ixfKc/iyKBDdIQKyEMXqIJuUBXVEEWP6Bm9ojfnyXlx3p2PaeuSM5s5QH/gfP4AfmmdnQ==</latexit>

dim
�
(kd)µn

�
= 0

<latexit sha1_base64="TP3ugs/CAFVD+6re0l745sqNuks=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi6rLgQpcV7AOaECbTm3boZBLmIdTSL3HjQhG3foo7/8Zpm4W2HrhwOOde7r0nzjlT2vO+nbX1jc2t7dJOeXdv/6DiHh61VWYkhRbNeCa7MVHAmYCWZppDN5dA0phDJx7dzPzOI0jFMvGgxzmEKRkIljBKtJUitxKkJhKBMrECjW9x5Fa9mjcHXiV+QaqoQDNyv4J+Rk0KQlNOlOr5Xq7DCZGaUQ7TcmAU5ISOyAB6lgqSggon88On+MwqfZxk0pbQeK7+npiQVKlxGtvOlOihWvZm4n9ez+jkOpwwkRsNgi4WJYZjneFZCrjPJFDNx5YQKpm9FdMhkYRqm1XZhuAvv7xK2vWaf1nz7i+qjXoRRwmdoFN0jnx0hRroDjVRC1Fk0DN6RW/Ok/PivDsfi9Y1p5g5Rn/gfP4AMT6Sug==</latexit>

µn ⇢ Gfor all                  with
<latexit sha1_base64="22UbYb2mYVu3atXkn3a13901QHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqCcpePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWelA3br9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVb3Lqnt/UanX8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QPFko1p</latexit>

n > 0

Definition

is very small if 
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lrq singularities

<latexit sha1_base64="SNMoB1NT3KTt6c5XVTMfY5Kgl3A=">AAACG3icbVBNS8NAEN34bf2qevSyWIQKWpIi6lHw4rGCrYUmls1m0y7d3cTdiVBC/4cX/4oXD4p4Ejz4b9zWHNT6YODx3gwz88JUcAOu++nMzM7NLywuLZdWVtfWN8qbWy2TZJqyJk1EotshMUxwxZrAQbB2qhmRoWDX4eB87F/fMW14oq5gmLJAkp7iMacErNQt13NfSxxxOcK+YDFUcXVwE+3f5L7MusqKmvf6sI/9A2vf+gfRYb1brrg1dwI8TbyCVFCBRrf87kcJzSRTQAUxpuO5KQQ50cCpYKOSnxmWEjogPdaxVBHJTJBPfhvhPatEOE60LQV4ov6cyIk0ZihD2ykJ9M1fbyz+53UyiE+DnKs0A6bo96I4ExgSPA7KZqIZBTG0hFDN7a2Y9okmFGycJRuC9/fladKq17zjmnt5VDmrF3EsoR20i6rIQyfoDF2gBmoiiu7RI3pGL86D8+S8Om/frTNOMbONfsH5+AKCY5/D</latexit>

dim
�
(kd)µn

�
 d� 2

a representation 
<latexit sha1_base64="LqdXjQTtfFaoRIC7BcN4Seef31I=">AAACCHicbZDNSsNAFIUn9a/Wv6hLFw4WwUUoSREVVwUXdeGigm2FJoTJZNIOnUnCzEQooUs3voobF4q49RHc+TZO2yy09cDAx7n3cueeIGVUKtv+NkpLyyura+X1ysbm1vaOubvXkUkmMGnjhCXiPkCSMBqTtqKKkftUEMQDRrrB8GpS7z4QIWkS36lRSjyO+jGNKEZKW7556IpB4lqXrtV0LVdpzF3BYfNm7OehNRz7ZtWu2VPBRXAKqIJCLd/8csMEZ5zECjMkZc+xU+XlSCiKGRlX3EySFOEh6pOexhhxIr18esgYHmsnhFEi9IsVnLq/J3LEpRzxQHdypAZyvjYx/6v1MhVdeDmN00yRGM8WRRmDKoGTVGBIBcGKjTQgLKj+K8QDJBBWOruKDsGZP3kROvWac1azb0+rjXoRRxkcgCNwAhxwDhrgGrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkD4X6Ykw==</latexit>

⇢ : G ! GLd,k

Definition

is small or contains no pseudo-reflection 

<latexit sha1_base64="TP3ugs/CAFVD+6re0l745sqNuks=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi6rLgQpcV7AOaECbTm3boZBLmIdTSL3HjQhG3foo7/8Zpm4W2HrhwOOde7r0nzjlT2vO+nbX1jc2t7dJOeXdv/6DiHh61VWYkhRbNeCa7MVHAmYCWZppDN5dA0phDJx7dzPzOI0jFMvGgxzmEKRkIljBKtJUitxKkJhKBMrECjW9x5Fa9mjcHXiV+QaqoQDNyv4J+Rk0KQlNOlOr5Xq7DCZGaUQ7TcmAU5ISOyAB6lgqSggon88On+MwqfZxk0pbQeK7+npiQVKlxGtvOlOihWvZm4n9ez+jkOpwwkRsNgi4WJYZjneFZCrjPJFDNx5YQKpm9FdMhkYRqm1XZhuAvv7xK2vWaf1nz7i+qjXoRRwmdoFN0jnx0hRroDjVRC1Fk0DN6RW/Ok/PivDsfi9Y1p5g5Rn/gfP4AMT6Sug==</latexit>

µn ⇢ Gfor all                  with
<latexit sha1_base64="22UbYb2mYVu3atXkn3a13901QHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqCcpePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWelA3br9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVb3Lqnt/UanX8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QPFko1p</latexit>

n > 0
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very small representations

very small representation


of a finite group G

1)        is faithful 
 

2) if                 is an abelian subgroup of G, 
 
then H is cyclic

<latexit sha1_base64="hjBcakgHPw32qYAsdNVUTSRIaCg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY8BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218G2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOo16cF33H65qzUYRRxnO4BwuIYAbaMI9tKANBCbwDK/w5gnvxXv3PpatJa+YOYU/8D5/AByCjjw=</latexit>⇢

<latexit sha1_base64="0hQinrk7jyyUTJmK4Oiq+1UiARk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgoZSkiHoseLDHCvYDmlA22027dLOJu5NCKf0dXjwo4tUf481/47bNQVsfDDzem2FmXpAIrtFxvq3cxubW9k5+t7C3f3B4VDw+aek4VZQ1aSxi1QmIZoJL1kSOgnUSxUgUCNYORndzvz1mSvNYPuIkYX5EBpKHnBI0kl/3yp5OA83QK9/3iiWn4ixgrxM3IyXI0OgVv7x+TNOISaSCaN11nQT9KVHIqWCzgpdqlhA6IgPWNVSSiGl/ujh6Zl8YpW+HsTIl0V6ovyemJNJ6EgWmMyI41KveXPzP66YY3vpTLpMUmaTLRWEqbIzteQJ2nytGUUwMIVRxc6tNh0QRiianggnBXX15nbSqFfe64jxclWrVLI48nME5XIILN1CDOjSgCRSe4Ble4c0aWy/Wu/WxbM1Z2cwp/IH1+QPwEZGC</latexit>

H ⇢ G

<latexit sha1_base64="iRc9t/rSuKmHXdlR1mMV/JunmWI=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARK5QyU0TFVaGLunBRwV6gKUMmk7ahmcmQZIQy9BHc+CpuXCji1qU738b0stDWHwIf/zmHnPP7MWdKO863lVlZXVvfyG7mtrZ3dvfs/YOmEokktEEEF7LtY0U5i2hDM81pO5YUhz6nLX9YndRbD1QqJqJ7PYppN8T9iPUYwdpYnn2K5ECg4jUq1lARaYMpkiGs3Y69oIBCrAe+n1bHZ56dd0rOVHAZ3DnkwVx1z/5CgSBJSCNNOFaq4zqx7qZYakY4HedQomiMyRD3acdghEOquun0oDE8MU4Ae0KaF2k4dX9PpDhUahT6pnOyolqsTcz/ap1E9666KYviRNOIzD7qJRxqASfpwIBJSjQfGcBEMrMrJAMsMdEmw5wJwV08eRma5ZJ7UXLuzvOV8jyOLDgCx6AAXHAJKuAG1EEDEPAInsEreLOerBfr3fqYtWas+cwh+CPr8wegeJuq</latexit>

⇢ : G ! GLd(C)
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very small representations

Theorem (classical? Zassenhaus? Cartan-Eilenberg?)

G a finite group 

TFAE

1) every abelian subgroup of G is cyclic 

2) G has periodic cohomology  

3) every p-Sylowsubgroup is cyclic 
 
or             and generalised quaternionic

<latexit sha1_base64="z087UMlt7/5DEGLY7Jc3oa50mEs=">AAACCXicbVDLSgNBEJyNrxhfqx69DAYhgoTdIOox4MEcI5gHZtcwO5kkQ2YfzPQqYdmrF3/FiwdFvPoH3vwbZ5McNLGgoajqprvLiwRXYFnfRm5peWV1Lb9e2Njc2t4xd/eaKowlZQ0ailC2PaKY4AFrAAfB2pFkxPcEa3mjy8xv3TOpeBjcwDhirk8GAe9zSkBLXRM7D7zHhgSSWnrnEAWlq5PE8QkMPS+5TdPjrlm0ytYEeJHYM1JEM9S75pfTC2nsswCoIEp1bCsCNyESOBUsLTixYhGhIzJgHU0D4jPlJpNPUnyklR7uh1JXAHii/p5IiK/U2Pd0Z3ajmvcy8T+vE0P/wk14EMXAAjpd1I8FhhBnseAel4yCGGtCqOT6VkyHRBIKOryCDsGef3mRNCtl+6xsXZ8Wq5VZHHl0gA5RCdnoHFVRDdVRA1H0iJ7RK3oznowX4934mLbmjNnMPvoD4/MHoNuaPA==</latexit>

bH⇤(G,Z)

<latexit sha1_base64="QylmcW6jHWHuEM2xJBK2lZiNP+w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqBeh4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG5qfXLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWtWtW7rLr3F5V6LY+jCCdwCufgwRXU4Q4a0AQGQ3iGV3hzpPPivDsfi9aCk88cwx84nz/KIY1s</latexit>

p = 2
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very small representations

finite groups that admit a very small representation 
 
have been essentially classified by work of

Zassenhaus (1935 - in connection with near fields) 

Suzuki


differential topologists in connection with the Clifford-Klein 
spherical space form problem (Milnor, Thomas, Wall, Wolf)
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very small representations

solvable case (Zassenhaus)

cyclic 
 
metacyclic


groups related to the binary tetrahedral group


groups related to the binary octahedral group
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very small representations

non-solvable case (Suzuki and differential topologists)

groups related to the binary icosahedral group


a perfect group of order 120 isomorphic to

Remark:  one can use this classification to recover the 
                 classification of finite and very small subgroups of 
                                   (Klein) 
                                   (Brieskorn?) 

                 (admittedly, a complete overkill)

<latexit sha1_base64="MEEY17BrTOmeFP+8eUQ2+/SknGE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkRdRloRsXLiraBzQhTKaTduhMEmYmQolZ+CtuXCji1t9w5984abPQ1gMDh3Pu5Z45fsyoVJb1bZRWVtfWN8qbla3tnd09c/+gK6NEYNLBEYtE30eSMBqSjqKKkX4sCOI+Iz1/0sr93gMRkkbhvZrGxOVoFNKAYqS05JlHqSM4vLvJvEbN4UiNfT9tZWeeWbXq1gxwmdgFqYICbc/8coYRTjgJFWZIyoFtxcpNkVAUM5JVnESSGOEJGpGBpiHiRLrpLH8GT7UyhEEk9AsVnKm/N1LEpZxyX0/mEeWil4v/eYNEBVduSsM4USTE80NBwqCKYF4GHFJBsGJTTRAWVGeFeIwEwkpXVtEl2ItfXibdRt2+qFu359Vmo6ijDI7BCagBG1yCJrgGbdABGDyCZ/AK3own48V4Nz7moyWj2DkEf2B8/gDmtZVV</latexit>

SL2(C)
<latexit sha1_base64="mS2BngtbWIBlOpmV7gYZlMzU0Ls=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkRdRloQtduKhgH9CEMJlO2qGTSZiZCCVm4a+4caGIW3/DnX/jpM1CWw8MHM65l3vm+DGjUlnWt1FaWV1b3yhvVra2d3b3zP2DrowSgUkHRywSfR9JwignHUUVI/1YEBT6jPT8SSv3ew9ESBrxezWNiRuiEacBxUhpyTOPUkeE8Po28xo1J0Rq7PtpKzvzzKpVt2aAy8QuSBUUaHvmlzOMcBISrjBDUg5sK1ZuioSimJGs4iSSxAhP0IgMNOUoJNJNZ/kzeKqVIQwioR9XcKb+3khRKOU09PVkHlEuern4nzdIVHDlppTHiSIczw8FCYMqgnkZcEgFwYpNNUFYUJ0V4jESCCtdWUWXYC9+eZl0G3X7om7dnVebjaKOMjgGJ6AGbHAJmuAGtEEHYPAInsEreDOejBfj3fiYj5aMYucQ/IHx+QPTxZVJ</latexit>

GL2(C)

<latexit sha1_base64="f2z6hlyy/W9/ljeD1O96wcV8QoQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZSk+FoWBHHhoqJ9QBPCZDpph84kYWYilBA3/oobF4q49S/c+TdO2iy09cCFwzn3cu89fsyoVJb1bSwsLi2vrJbWyusbm1vb5s5uW0aJwKSFIxaJro8kYTQkLUUVI91YEMR9Rjr+6DL3Ow9ESBqF92ocE5ejQUgDipHSkmfup47g8O4m8+pVhyM19P30KvNOjz2zYtWsCeA8sQtSAQWanvnl9COccBIqzJCUPduKlZsioShmJCs7iSQxwiM0ID1NQ8SJdNPJBxk80kofBpHQFSo4UX9PpIhLOea+7syPlLNeLv7n9RIVXLgpDeNEkRBPFwUJgyqCeRywTwXBio01QVhQfSvEQyQQVjq0sg7Bnn15nrTrNfusZt2eVBr1Io4SOACHoApscA4a4Bo0QQtg8AiewSt4M56MF+Pd+Ji2LhjFzB74A+PzByZqlgA=</latexit>

SL2(F5)
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lrq singularities

quotient singularities by linearly reductive group schemes

arise from 

very small representations of linearly reductive group schemes
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lrq singularities

given an lrq singularity

<latexit sha1_base64="q+M/+rmUy1wjo7WkMSY45uaUSs8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF49V7AekoWy2m3bpJht2J0op/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVpxptMSaU7ITVcioQ3UaDknVRzGoeSt8PRzcxvP3JthEoecJzyIKaDRESCUbSS370XgyFSrdVTr1xxq+4cZJV4OalAjkav/NXtK5bFPEEmqTG+56YYTKhGwSSflrqZ4SllIzrgvqUJjbkJJvOTp+TMKn0SKW0rQTJXf09MaGzMOA5tZ0xxaJa9mfif52cYXQcTkaQZ8oQtFkWZJKjI7H/SF5ozlGNLKNPC3krYkGrK0KZUsiF4yy+vklat6l1W3buLSr2Wx1GEEziFc/DgCupwCw1oAgMFz/AKbw46L86787FoLTj5zDH8gfP5A43xkWI=</latexit>) there exists G linearly reductive group scheme

                      very small representation 

<latexit sha1_base64="OpE/fvx+TSfYj4nPoRa0YesYQe4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRFVFwVXNSFiwr2AU0Ik8m0HTqZCTMTIYT6K25cKOLWD3Hn3zhts9DWAxcO59zLvfeECaNKO863VVpb39jcKm9Xdnb39g/sw6OuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5mfm9RyIVFfxBZwnxYzTidEgx0kYK7Konx+K65WmRezKGrbtpEAV2zak7c8BV4hakBgq0A/vLiwROY8I1Zkipgesk2s+R1BQzMq14qSIJwhM0IgNDOYqJ8vP58VN4apQIDoU0xTWcq78nchQrlcWh6YyRHqtlbyb+5w1SPbzyc8qTVBOOF4uGKYNawFkSMKKSYM0yQxCW1NwK8RhJhLXJq2JCcJdfXiXdRt29qDv357Vmo4ijDI7BCTgDLrgETXAL2qADMMjAM3gFb9aT9WK9Wx+L1pJVzFTBH1ifPzDwlGw=</latexit>

⇢ : G ! GLd

<latexit sha1_base64="Iq45liHT2XkSD+p4+Bw2MkrGfAo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7RdRjwYvHCvZDukvJptk2NMkuSVYsS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJxzczv/NIlWaxvDeThAYCDyWLGMHGSg9PftVn0q92++WKW3PnQKvEy0kFcjT75S9/EJNUUGkIx1r3PDcxQYaVYYTTaclPNU0wGeMh7VkqsaA6yOYHT9GZVQYoipUtadBc/T2RYaH1RIS2U2Az0sveTPzP66Umug4yJpPUUEkWi6KUIxOj2fdowBQlhk8swUQxeysiI6wwMTajkg3BW355lbTrNe+y5t5dVBr1PI4inMApnIMHV9CAW2hCCwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifPwqXj9w=</latexit>

x 2 X

such that
<latexit sha1_base64="4s5Sa6YjtHyl1ArShVbs1+s+Y90=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgotSkiLqsuNBlBfuAJpbJZFKHTmbCzEQoIeDGX3HjQhG3/oQ7/8ZJm4W2HrhwOOde7r3HjymRyra/jdLC4tLySnm1sra+sbllbu90JE8Ewm3EKRc9H0pMCcNtRRTFvVhgGPkUd/3RZe53H7CQhLNbNY6xF8EhIyFBUGlpYO713JqLOBu6tdSNoLr3/fQiy+6C46uBWbXr9gTWPHEKUgUFWgPzyw04SiLMFKJQyr5jx8pLoVAEUZxV3ETiGKIRHOK+pgxGWHrp5IfMOtRKYIVc6GLKmqi/J1IYSTmOfN2ZnylnvVz8z+snKjz3UsLiRGGGpovChFqKW3kgVkAERoqONYFIEH2rhe6hgEjp2Co6BGf25XnSadSd07p9c1JtNoo4ymAfHIAj4IAz0ATXoAXaAIFH8AxewZvxZLwY78bHtLVkFDO74A+Mzx9OxpdC</latexit>

X ⇠= Ad/G

Questions 1) is G unique (up to isomorphism)? 

2) is     unique (up to conjugation)?<latexit sha1_base64="hjBcakgHPw32qYAsdNVUTSRIaCg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY8BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218G2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOo16cF33H65qzUYRRxnO4BwuIYAbaMI9tKANBCbwDK/w5gnvxXv3PpatJa+YOYU/8D5/AByCjjw=</latexit>⇢
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invariants of lrq singularities

Proposition
<latexit sha1_base64="KAsbTTxUWA/J6Yklt2ds2bYw3A4=">AAACBHicbZDLSgMxFIYzXmu9jbrsJlgEF6XMFFFxVXBRFy4q2At0hiGTSdvQZDIkGaEMXbjxVdy4UMStD+HOtzFtZ6GtPwQ+/nMOJ+cPE0aVdpxva2V1bX1js7BV3N7Z3du3Dw7bSqQSkxYWTMhuiBRhNCYtTTUj3UQSxENGOuHoelrvPBCpqIjv9TghPkeDmPYpRtpYgV3y5FB4lSuv0vAqnjaYeZLDxu0kiAK77FSdmeAyuDmUQa5mYH95kcApJ7HGDCnVc51E+xmSmmJGJkUvVSRBeIQGpGcwRpwoP5sdMYEnxolgX0jzYg1n7u+JDHGlxjw0nRzpoVqsTc3/ar1U9y/9jMZJqkmM54v6KYNawGkiMKKSYM3GBhCW1PwV4iGSCGuTW9GE4C6evAztWtU9rzp3Z+V6LY+jAErgGJwCF1yAOrgBTdACGDyCZ/AK3qwn68V6tz7mrStWPnME/sj6/AHIqpbc</latexit>

⇢ : G ! GLd very small representation of a 

linearly reductive group scheme

<latexit sha1_base64="66mn99tFwcq10/Yd/AV+0zIHQ3M=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KLUpIiKIFRc6LKCfUATy2QyaYdOJmFmIpSQjb/ixoUibv0Md/6N0zYLbT1w4XDOvdx7jxczKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGQJIxy0lRUMdKJBUGhx0jbG16P/fYjEZJG/F6NYuKGqM9pQDFSWuqZex2ncnHpVFInRGrgeelVlj34xzc9s2xVrQngPLFzUgY5Gj3zy/EjnISEK8yQlF3bipWbIqEoZiQrOYkkMcJD1CddTTkKiXTTyQMZPNSKD4NI6OIKTtTfEykKpRyFnu4cnylnvbH4n9dNVHDuppTHiSIcTxcFCYMqguM0oE8FwYqNNEFYUH0rxAMkEFY6s5IOwZ59eZ60alX7tGrdnZTrtTyOItgHB+AI2OAM1MEtaIAmwCADz+AVvBlPxovxbnxMWwtGPrML/sD4/AFks5WY</latexit>

X := Ad/G associated lrq singularity

1) normal, Cohen-Macaulay, log terminal,      -Gorenstein, 
 

2)            
      
   


3)   

<latexit sha1_base64="AOTQzLAMURfVyzOJrOV7idBDkTw=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZcFNy5bsA9sh5JJb9vQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJeeeIBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLpXeZ3nlBpHskHM4vRD+lY8hFn1FjpsR9SMwmCtDkflCtu1V2ArBMvJxXI0RiUv/rDiCUhSsME1brnubHxU6oMZwLnpX6iMaZsSsfYs1TSELWfLhLPyYVVhmQUKfukIQv190ZKQ61nYWAns4R61cvE/7xeYka3fsplnBiUbPnRKBHERCQ7nwy5QmbEzBLKFLdZCZtQRZmxJZVsCd7qyeukXat611W3eVWp1/I6inAG53AJHtxAHe6hAS1gIOEZXuHN0c6L8+58LEcLTr5zCn/gfP4AuLCQ5g==</latexit>

Q

<latexit sha1_base64="jbP/5f2ypjRhHmFIaS6EEH+cqxU=">AAACG3icbVBNS0JBFJ3Xp9mX1bLNkAQKIu9JVEvBhS4N8gN8IvPGUQfn4zEzL5DH+x9t+ittWhTRKmjRv2nUtyjtwIXDOfdy7z1ByKg2rvvtbGxube/sZvay+weHR8e5k9O2lpHCpIUlk6obIE0YFaRlqGGkGyqCeMBIJ5jW5n7ngShNpbg3s5D0ORoLOqIYGSsNcpXYVxzWWFLoFqFf8rEUY78Eswu5IXlSqJdinyMzCYK4ngx4Uhzk8m7ZXQCuEy8leZCiOch9+kOJI06EwQxp3fPc0PRjpAzFjCRZP9IkRHiKxqRnqUCc6H68+C2Bl1YZwpFUtoSBC/X3RIy41jMe2M75lXrVm4v/eb3IjG77MRVhZIjAy0WjiEEj4TwoOKSKYMNmliCsqL0V4glSCBsbZ9aG4K2+vE7albJ3XXbvrvLVShpHBpyDC1AAHrgBVdAATdACGDyCZ/AK3pwn58V5dz6WrRtOOnMG/sD5+gEzsJ+k</latexit>

Cl(X) ⇠= Hom(G,Gm)

<latexit sha1_base64="+HX6RoSWLet3DYGUfAy7S1SJZbw=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARKpQyU0RdFlzosoK9QGccMmnahmaSIckIZZj3cOOruHGhiCvBhW9j2s5CW38IfPznHE7OH8aMKu0431ZhZXVtfaO4Wdra3tnds/cP2kokEpMWFkzIbogUYZSTlqaakW4sCYpCRjrh+Gpa7zwQqajgd3oSEz9CQ04HFCNtrMCuezEN0tSTEWQCZ9n9nInOskr31Kt6WPChV73+5Qd22ak5M8FlcHMog1zNwP70+gInEeEaM6RUz3Vi7adIaooZyUpeokiM8BgNSc8gRxFRfjq7LYMnxunDgZDmcQ1n7u+JFEVKTaLQdEZIj9RibWr+V+slenDpp5THiSYczxcNEga1gNOgYJ9KgjWbGEBYUvNXiEdIIqxNnCUTgrt48jK06zX3vObcnpUb9TyOIjgCx6ACXHABGuAGNEELYPAInsEreLOerBfr3fqYtxasfOYQ/JH19QOidaG4</latexit>

⇡et
loc(X) ⇠= Get
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invariants of lrq singularities

if 
<latexit sha1_base64="T25888nJ3Of2r7sKzdw6F49pHgY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD8mN2y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3qXVff+olKv5XEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfIno1r</latexit>

p > 0

4) F-regular

 

5) F-signature 
 
 
6) Hilbert-Kunz multiplicity

<latexit sha1_base64="M0mOqrw1zwMecMdbMfJSzTRXjCQ=">AAACAXicbVDLSgNBEOz1GeNr1YvgZTAIEULYDaJehIAHPUYwD8guYXYymwyZfTAzK4RNvPgrXjwo4tW/8ObfOEn2oIkFDUVVN91dXsyZVJb1bSwtr6yurec28ptb2zu75t5+Q0aJILROIh6Jlocl5SykdcUUp61YUBx4nDa9wfXEbz5QIVkU3qthTN0A90LmM4KVljrmoSy2TpFTunJKyPEFJqk9Tkc3o3HHLFhlawq0SOyMFCBDrWN+Od2IJAENFeFYyrZtxcpNsVCMcDrOO4mkMSYD3KNtTUMcUOmm0w/G6EQrXeRHQleo0FT9PZHiQMph4OnOAKu+nPcm4n9eO1H+pZuyME4UDclskZ9wpCI0iQN1maBE8aEmmAimb0Wkj3UOSoeW1yHY8y8vkkalbJ+XrbuzQrWSxZGDIziGIthwAVW4hRrUgcAjPMMrvBlPxovxbnzMWpeMbOYA/sD4/AFrG5WR</latexit>

s(X) =
1

|G|

<latexit sha1_base64="xrEtpYL3r8Whmmaytzmb9mYXJSM=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCixCSIiqCUHChyyr2AUkMk8mkHTp5MDORllDc+CtuXCji1q9w5984bbPQ1gMXDufcy733+CklXJjmt1JaWFxaXimvVtbWNza31O2dFk8yhnATJTRhHR9yTEmMm4IIijspwzDyKW77/cux337AjJMkvhPDFLsR7MYkJAgKKXnq3q2jn184et+2B56lG4ahD7zAde+vPLVqGuYE2jyxClIFBRqe+uUECcoiHAtEIee2ZabCzSETBFE8qjgZxylEfdjFtqQxjDB388kLI+1QKoEWJkxWLLSJ+nsihxHnw8iXnREUPT7rjcX/PDsT4ZmbkzjNBI7RdFGYUU0k2jgPLSAMI0GHkkDEiLxVQz3IIBIytYoMwZp9eZ60aoZ1Ypg3x9V6rYijDPbBATgCFjgFdXANGqAJEHgEz+AVvClPyovyrnxMW0tKMbML/kD5/AHQ1JUY</latexit>

R := k[[x1, ..., xd]]
Gwhere

<latexit sha1_base64="35lyWsZSmrnzBmT2G+Mn/onVMAk="></latexit>

eHK(X) =
1

|G| length k[[x1, ..., xd]]/mR
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reminder on F-invariants

F-signature
define             to be the maximal rank of a 


free summand of R over considered as a 


module over itself via the e-fold Frobenius

<latexit sha1_base64="9vAS7wCEE2++OEUt/8yQbNMs8Tk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHgxWME84BkDbOTTjJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1wwZLRKLbETUouMSG5VZgW2mkcSSwFY1vZ37rCbXhiXywE4VhTIeSDzij1kkt2svUI057pbJf8ecgqyTISRly1Hulr24/YWmM0jJBjekEvrJhRrXlTOC02E0NKsrGdIgdRyWN0YTZ/NwpOXdKnwwS7UpaMld/T2Q0NmYSR64zpnZklr2Z+J/XSe3gJsy4VKlFyRaLBqkgNiGz30mfa2RWTByhTHN3K2EjqimzLqGiCyFYfnmVNKuV4Kri31+Wa9U8jgKcwhlcQADXUIM7qEMDGIzhGV7hzVPei/fufSxa17x85gT+wPv8AX+aj6A=</latexit>ape

<latexit sha1_base64="aQ26AMkI5UrBnQxxQpW4bUHogJo=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6BQyoz4QhAENy5VbBU6dcikd2poJjMkd4QyzJe48VfcuFBEcKV/Y/pY+DqQ3MM595LcE6ZSGHTdT2dsfGJyanpmtjQ3v7C4VF5eaZgk0xzqPJGJvg6ZASkU1FGghOtUA4tDCVdh96TvX92BNiJRl9hLoRWzjhKR4AytFJR3zebFFvWrh0d+lZZ8KeIgBx8TX6gIewX1I814zoI8vYGisHeubA3KFbfmDkD/Em9EKmSEs6D87rcTnsWgkEtmTNNzU2zlTKPgEoqSnxlIGe+yDjQtVSwG08oH6xV0wyptGiXaHoV0oH6fyFlsTC8ObWfM8Nb89vrif14zw+iglQuVZgiKDx+KMkkxof2saFto4Ch7ljCuhf0r5bfMBoI20ZINwfu98l/S2K55ezX3fKdyvD2KY4askXWySTyyT47JKTkjdcLJPXkkz+TFeXCenFfnbdg65oxmVskPOB9fo8KiRA==</latexit>

s(R) := lim
e!1

ape

pne

R a local ring over algebraically closed field of positive characteristic p
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reminder on F-invariants

F-signature

properties

<latexit sha1_base64="aQ26AMkI5UrBnQxxQpW4bUHogJo=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6BQyoz4QhAENy5VbBU6dcikd2poJjMkd4QyzJe48VfcuFBEcKV/Y/pY+DqQ3MM595LcE6ZSGHTdT2dsfGJyanpmtjQ3v7C4VF5eaZgk0xzqPJGJvg6ZASkU1FGghOtUA4tDCVdh96TvX92BNiJRl9hLoRWzjhKR4AytFJR3zebFFvWrh0d+lZZ8KeIgBx8TX6gIewX1I814zoI8vYGisHeubA3KFbfmDkD/Em9EKmSEs6D87rcTnsWgkEtmTNNzU2zlTKPgEoqSnxlIGe+yDjQtVSwG08oH6xV0wyptGiXaHoV0oH6fyFlsTC8ObWfM8Nb89vrif14zw+iglQuVZgiKDx+KMkkxof2saFto4Ch7ljCuhf0r5bfMBoI20ZINwfu98l/S2K55ezX3fKdyvD2KY4askXWySTyyT47JKTkjdcLJPXkkz+TFeXCenFfnbdg65oxmVskPOB9fo8KiRA==</latexit>

s(R) := lim
e!1

ape

pne

<latexit sha1_base64="y42Tz5tIr3TDljJLb6oUEB0FvdI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iECqUkRdRlwY3LKvYBTSiT6aQdOpnEmYlQQ7/EjQtF3Pop7vwbp4+Fth64cDjnXu69J0g4U9pxvq3c2vrG5lZ+u7Czu7dftA8OWypOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoORtdTv/1IpWKxuNfjhPoRHggWMoK1kXp2UZXvzpBX8Th98Cou6tklp+rMgFaJuyAlWKDRs7+8fkzSiApNOFaq6zqJ9jMsNSOcTgpeqmiCyQgPaNdQgSOq/Gx2+ASdGqWPwliaEhrN1N8TGY6UGkeB6YywHqplbyr+53VTHV75GRNJqqkg80VhypGO0TQF1GeSEs3HhmAimbkVkSGWmGiTVcGE4C6/vEpatap7UXVuz0v12iKOPBzDCZTBhUuoww00oAkEUniGV3iznqwX6936mLfmrMXMEfyB9fkDKRyRaw==</latexit>

s(R)  1

R regular
<latexit sha1_base64="f2JJmL8U6WA+J4Sbzt8xRJ2bxwo=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUmSLqRii4cVmLfUBnKJk004ZmkiHJKGXoxl9x40IRt36GO//GtJ2Fth64cDjnXu69J4gZVdpxvq3cyura+kZ+s7C1vbO7Z+8ftJRIJCZNLJiQnQApwignTU01I51YEhQFjLSD0c3Ubz8Qqajg93ocEz9CA05DipE2Us8+8hp0MNRISvHolVWpceaVr72y27OLTsWZAS4TNyNFkKHes7+8vsBJRLjGDCnVdZ1Y+ymSmmJGJgUvUSRGeIQGpGsoRxFRfjp7YAJPjdKHoZCmuIYz9fdEiiKlxlFgOiOkh2rRm4r/ed1Eh1d+SnmcaMLxfFGYMKgFnKYB+1QSrNnYEIQlNbdCPEQSYW0yK5gQ3MWXl0mrWnEvKs7debFWzeLIg2NwAkrABZegBm5BHTQBBhPwDF7Bm/VkvVjv1se8NWdlM4fgD6zPH8IZlSc=</latexit>

) s(R) = 1

the limit exists (Tucker)

<latexit sha1_base64="q+M/+rmUy1wjo7WkMSY45uaUSs8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF49V7AekoWy2m3bpJht2J0op/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVpxptMSaU7ITVcioQ3UaDknVRzGoeSt8PRzcxvP3JthEoecJzyIKaDRESCUbSS370XgyFSrdVTr1xxq+4cZJV4OalAjkav/NXtK5bFPEEmqTG+56YYTKhGwSSflrqZ4SllIzrgvqUJjbkJJvOTp+TMKn0SKW0rQTJXf09MaGzMOA5tZ0xxaJa9mfif52cYXQcTkaQZ8oQtFkWZJKjI7H/SF5ozlGNLKNPC3krYkGrK0KZUsiF4yy+vklat6l1W3buLSr2Wx1GEEziFc/DgCupwCw1oAgMFz/AKbw46L86787FoLTj5zDH8gfP5A43xkWI=</latexit>) F is flat

in general
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reminder on F-invariants

Hilbert-Kunz multiplicity 

<latexit sha1_base64="F20pCh06YrNaT+1bQr9CroR/3Tk="></latexit>

eHK(R) := lim
e!1

length(R/m[pe
])

pe dim(R)

R a local ring over algebraically closed field of positive characteristic p
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lrq singularities

<latexit sha1_base64="KAsbTTxUWA/J6Yklt2ds2bYw3A4=">AAACBHicbZDLSgMxFIYzXmu9jbrsJlgEF6XMFFFxVXBRFy4q2At0hiGTSdvQZDIkGaEMXbjxVdy4UMStD+HOtzFtZ6GtPwQ+/nMOJ+cPE0aVdpxva2V1bX1js7BV3N7Z3du3Dw7bSqQSkxYWTMhuiBRhNCYtTTUj3UQSxENGOuHoelrvPBCpqIjv9TghPkeDmPYpRtpYgV3y5FB4lSuv0vAqnjaYeZLDxu0kiAK77FSdmeAyuDmUQa5mYH95kcApJ7HGDCnVc51E+xmSmmJGJkUvVSRBeIQGpGcwRpwoP5sdMYEnxolgX0jzYg1n7u+JDHGlxjw0nRzpoVqsTc3/ar1U9y/9jMZJqkmM54v6KYNawGkiMKKSYM3GBhCW1PwV4iGSCGuTW9GE4C6evAztWtU9rzp3Z+V6LY+jAErgGJwCF1yAOrgBTdACGDyCZ/AK3qwn68V6tz7mrStWPnME/sj6/AHIqpbc</latexit>

⇢ : G ! GLd very small representation of a 

linearly reductive group scheme G

<latexit sha1_base64="66mn99tFwcq10/Yd/AV+0zIHQ3M=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KLUpIiKIFRc6LKCfUATy2QyaYdOJmFmIpSQjb/ixoUibv0Md/6N0zYLbT1w4XDOvdx7jxczKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGQJIxy0lRUMdKJBUGhx0jbG16P/fYjEZJG/F6NYuKGqM9pQDFSWuqZex2ncnHpVFInRGrgeelVlj34xzc9s2xVrQngPLFzUgY5Gj3zy/EjnISEK8yQlF3bipWbIqEoZiQrOYkkMcJD1CddTTkKiXTTyQMZPNSKD4NI6OIKTtTfEykKpRyFnu4cnylnvbH4n9dNVHDuppTHiSIcTxcFCYMqguM0oE8FwYqNNEFYUH0rxAMkEFY6s5IOwZ59eZ60alX7tGrdnZTrtTyOItgHB+AI2OAM1MEtaIAmwCADz+AVvBlPxovxbnxMWwtGPrML/sD4/AFks5WY</latexit>

X := Ad/G associated lrq singularity

<latexit sha1_base64="+HX6RoSWLet3DYGUfAy7S1SJZbw=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARKpQyU0RdFlzosoK9QGccMmnahmaSIckIZZj3cOOruHGhiCvBhW9j2s5CW38IfPznHE7OH8aMKu0431ZhZXVtfaO4Wdra3tnds/cP2kokEpMWFkzIbogUYZSTlqaakW4sCYpCRjrh+Gpa7zwQqajgd3oSEz9CQ04HFCNtrMCuezEN0tSTEWQCZ9n9nInOskr31Kt6WPChV73+5Qd22ak5M8FlcHMog1zNwP70+gInEeEaM6RUz3Vi7adIaooZyUpeokiM8BgNSc8gRxFRfjq7LYMnxunDgZDmcQ1n7u+JFEVKTaLQdEZIj9RibWr+V+slenDpp5THiSYczxcNEga1gNOgYJ9KgjWbGEBYUvNXiEdIIqxNnCUTgrt48jK06zX3vObcnpUb9TyOIjgCx6ACXHABGuAGNEELYPAInsEreLOerBfr3fqYtxasfOYQ/JH19QOidaG4</latexit>

⇡et
loc(X) ⇠= Get <latexit sha1_base64="dKI4xN2jIWbG9+pFTrFbBMSUdiI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mKqMeCF49V7Ac0oWy2m3bpZjfsTpQS+je8eFDEq3/Gm//GTZuDtj4YeLw3w8y8MBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJTe53H5k2XMkHmCYsiMlI8ohTAlby/Xs+GgPRWj1VBtWaW3fnwKvEK0gNFWgNql/+UNE0ZhKoIMb0PTeBICMaOBVsVvFTwxJCJ2TE+pZKEjMTZPObZ/jMKkMcKW1LAp6rvycyEhszjUPbGRMYm2UvF//z+ilE10HGZZICk3SxKEoFBoXzAPCQa0ZBTC0hVHN7K6ZjogkFG1Megrf88irpNOreZd29u6g1G0UcZXSCTtE58tAVaqJb1EJtRFGCntErenNS58V5dz4WrSWnmDlGf+B8/gDGlpF2</latexit>) if p=0 or if G is étale, 


then X determines G and


the G-action  on the 


universal étale cover
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lrq singularities

<latexit sha1_base64="dKI4xN2jIWbG9+pFTrFbBMSUdiI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mKqMeCF49V7Ac0oWy2m3bpZjfsTpQS+je8eFDEq3/Gm//GTZuDtj4YeLw3w8y8MBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJTe53H5k2XMkHmCYsiMlI8ohTAlby/Xs+GgPRWj1VBtWaW3fnwKvEK0gNFWgNql/+UNE0ZhKoIMb0PTeBICMaOBVsVvFTwxJCJ2TE+pZKEjMTZPObZ/jMKkMcKW1LAp6rvycyEhszjUPbGRMYm2UvF//z+ilE10HGZZICk3SxKEoFBoXzAPCQa0ZBTC0hVHN7K6ZjogkFG1Megrf88irpNOreZd29u6g1G0UcZXSCTtE58tAVaqJb1EJtRFGCntErenNS58V5dz4WrSWnmDlGf+B8/gDGlpF2</latexit>)

assume p>0

<latexit sha1_base64="D2lldnqiy70YbuQAT+w9ZqaLgdo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQoZSkiLoRCi50WcE+oAllMp20QyeTMDMRShrc+CtuXCji1q9w5984abPQ1gMXDufcy733eBGjUlnWt7G0vLK6tl7YKG5ube/smnv7LRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7o+vMbz8QIWnI79U4Im6ABpz6FCOlpZ55KMudU+hUrpwKdHyBcGKnyeRmkhZ7ZsmqWlPARWLnpARyNHrml9MPcRwQrjBDUnZtK1JugoSimJG06MSSRAiP0IB0NeUoINJNpi+k8EQrfeiHQhdXcKr+nkhQIOU48HRngNRQznuZ+J/XjZV/6SaUR7EiHM8W+TGDKoRZHrBPBcGKjTVBWFB9K8RDpINQOrUsBHv+5UXSqlXt86p1d1aq1/I4CuAIHIMysMEFqINb0ABNgMEjeAav4M14Ml6Md+Nj1rpk5DMH4A+Mzx+ndZWl</latexit>

s(X) =
1

|G|
the length of G is determined


by X

<latexit sha1_base64="KAsbTTxUWA/J6Yklt2ds2bYw3A4=">AAACBHicbZDLSgMxFIYzXmu9jbrsJlgEF6XMFFFxVXBRFy4q2At0hiGTSdvQZDIkGaEMXbjxVdy4UMStD+HOtzFtZ6GtPwQ+/nMOJ+cPE0aVdpxva2V1bX1js7BV3N7Z3du3Dw7bSqQSkxYWTMhuiBRhNCYtTTUj3UQSxENGOuHoelrvPBCpqIjv9TghPkeDmPYpRtpYgV3y5FB4lSuv0vAqnjaYeZLDxu0kiAK77FSdmeAyuDmUQa5mYH95kcApJ7HGDCnVc51E+xmSmmJGJkUvVSRBeIQGpGcwRpwoP5sdMYEnxolgX0jzYg1n7u+JDHGlxjw0nRzpoVqsTc3/ar1U9y/9jMZJqkmM54v6KYNawGkiMKKSYM3GBhCW1PwV4iGSCGuTW9GE4C6evAztWtU9rzp3Z+V6LY+jAErgGJwCF1yAOrgBTdACGDyCZ/AK3qwn68V6tz7mrStWPnME/sj6/AHIqpbc</latexit>

⇢ : G ! GLd very small representation of a 

linearly reductive group scheme G

<latexit sha1_base64="66mn99tFwcq10/Yd/AV+0zIHQ3M=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KLUpIiKIFRc6LKCfUATy2QyaYdOJmFmIpSQjb/ixoUibv0Md/6N0zYLbT1w4XDOvdx7jxczKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGQJIxy0lRUMdKJBUGhx0jbG16P/fYjEZJG/F6NYuKGqM9pQDFSWuqZex2ncnHpVFInRGrgeelVlj34xzc9s2xVrQngPLFzUgY5Gj3zy/EjnISEK8yQlF3bipWbIqEoZiQrOYkkMcJD1CddTTkKiXTTyQMZPNSKD4NI6OIKTtTfEykKpRyFnu4cnylnvbH4n9dNVHDuppTHiSIcTxcFCYMqguM0oE8FwYqNNEFYUH0rxAMkEFY6s5IOwZ59eZ60alX7tGrdnZTrtTyOItgHB+AI2OAM1MEtaIAmwCADz+AVvBlPxovxbnxMWwtGPrML/sD4/AFks5WY</latexit>

X := Ad/G associated lrq singularity
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lrq singularities

<latexit sha1_base64="dKI4xN2jIWbG9+pFTrFbBMSUdiI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mKqMeCF49V7Ac0oWy2m3bpZjfsTpQS+je8eFDEq3/Gm//GTZuDtj4YeLw3w8y8MBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJTe53H5k2XMkHmCYsiMlI8ohTAlby/Xs+GgPRWj1VBtWaW3fnwKvEK0gNFWgNql/+UNE0ZhKoIMb0PTeBICMaOBVsVvFTwxJCJ2TE+pZKEjMTZPObZ/jMKkMcKW1LAp6rvycyEhszjUPbGRMYm2UvF//z+ilE10HGZZICk3SxKEoFBoXzAPCQa0ZBTC0hVHN7K6ZjogkFG1Megrf88irpNOreZd29u6g1G0UcZXSCTtE58tAVaqJb1EJtRFGCntErenNS58V5dz4WrSWnmDlGf+B8/gDGlpF2</latexit>)

assume p>0

<latexit sha1_base64="D2lldnqiy70YbuQAT+w9ZqaLgdo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQoZSkiLoRCi50WcE+oAllMp20QyeTMDMRShrc+CtuXCji1q9w5984abPQ1gMXDufcy733eBGjUlnWt7G0vLK6tl7YKG5ube/smnv7LRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7o+vMbz8QIWnI79U4Im6ABpz6FCOlpZ55KMudU+hUrpwKdHyBcGKnyeRmkhZ7ZsmqWlPARWLnpARyNHrml9MPcRwQrjBDUnZtK1JugoSimJG06MSSRAiP0IB0NeUoINJNpi+k8EQrfeiHQhdXcKr+nkhQIOU48HRngNRQznuZ+J/XjZV/6SaUR7EiHM8W+TGDKoRZHrBPBcGKjTVBWFB9K8RDpINQOrUsBHv+5UXSqlXt86p1d1aq1/I4CuAIHIMysMEFqINb0ABNgMEjeAav4M14Ml6Md+Nj1rpk5DMH4A+Mzx+ndZWl</latexit>

s(X) =
1

|G|

the length of G is determined


by X

<latexit sha1_base64="jbP/5f2ypjRhHmFIaS6EEH+cqxU=">AAACG3icbVBNS0JBFJ3Xp9mX1bLNkAQKIu9JVEvBhS4N8gN8IvPGUQfn4zEzL5DH+x9t+ittWhTRKmjRv2nUtyjtwIXDOfdy7z1ByKg2rvvtbGxube/sZvay+weHR8e5k9O2lpHCpIUlk6obIE0YFaRlqGGkGyqCeMBIJ5jW5n7ngShNpbg3s5D0ORoLOqIYGSsNcpXYVxzWWFLoFqFf8rEUY78Eswu5IXlSqJdinyMzCYK4ngx4Uhzk8m7ZXQCuEy8leZCiOch9+kOJI06EwQxp3fPc0PRjpAzFjCRZP9IkRHiKxqRnqUCc6H68+C2Bl1YZwpFUtoSBC/X3RIy41jMe2M75lXrVm4v/eb3IjG77MRVhZIjAy0WjiEEj4TwoOKSKYMNmliCsqL0V4glSCBsbZ9aG4K2+vE7albJ3XXbvrvLVShpHBpyDC1AAHrgBVdAATdACGDyCZ/AK3pwn58V5dz6WrRtOOnMG/sD5+gEzsJ+k</latexit>

Cl(X) ⇠= Hom(G,Gm)

<latexit sha1_base64="dKI4xN2jIWbG9+pFTrFbBMSUdiI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mKqMeCF49V7Ac0oWy2m3bpZjfsTpQS+je8eFDEq3/Gm//GTZuDtj4YeLw3w8y8MBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJTe53H5k2XMkHmCYsiMlI8ohTAlby/Xs+GgPRWj1VBtWaW3fnwKvEK0gNFWgNql/+UNE0ZhKoIMb0PTeBICMaOBVsVvFTwxJCJ2TE+pZKEjMTZPObZ/jMKkMcKW1LAp6rvycyEhszjUPbGRMYm2UvF//z+ilE10HGZZICk3SxKEoFBoXzAPCQa0ZBTC0hVHN7K6ZjogkFG1Megrf88irpNOreZd29u6g1G0UcZXSCTtE58tAVaqJb1EJtRFGCntErenNS58V5dz4WrSWnmDlGf+B8/gDGlpF2</latexit>)
if, for example,


then 

<latexit sha1_base64="SKMntql5JTeUB/Hz8xRDmPHTjns=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCCykzRdRlwYUuK9gHdMYhk2ba0CQzJBmhDsVfceNCEbf+hzv/xkw7C209cLmHc+4lNydMGFXacb6t0tLyyupaeb2ysbm1vWPv7rVVnEpMWjhmseyGSBFGBWlpqhnpJpIgHjLSCUdXud95IFLRWNzpcUJ8jgaCRhQjbaTAPrj2Tj0ci4FpPA2y5F5MKoFddWrOFHCRuAWpggLNwP7y+jFOOREaM6RUz3US7WdIaooZmVS8VJEE4REakJ6hAnGi/Gx6/QQeG6UPo1iaEhpO1d8bGeJKjXloJjnSQzXv5eJ/Xi/V0aWfUZGkmgg8eyhKGdQxzKOAfSoJ1mxsCMKSmlshHiKJsDaB5SG4819eJO16zT2vObdn1Ua9iKMMDsEROAEuuAANcAOaoAUweATP4BW8WU/Wi/VufcxGS1axsw/+wPr8AZPwlJ0=</latexit>

G ⇠= µpn

<latexit sha1_base64="0lB51eLRxwM3Qp67ApYuu+B3Szk=">AAACFnicbVBNS8MwGE7n15xfVY9egkOYoLMdoh4Hu3ic4D5wrSPN0i0sTUuSCqP0V3jxr3jxoIhX8ea/MZ0FdfOBkCfP877kfR8vYlQqy/o0CguLS8srxdXS2vrG5pa5vdOWYSwwaeGQhaLrIUkY5aSlqGKkGwmCAo+RjjduZH7njghJQ36tJhFxAzTk1KcYKS31zePEEQFssLTSPXSOHBzyob4CpEael9ykJ9Et/3mV+mbZqlpTwHli56QMcjT75oczCHEcEK4wQ1L2bCtSboKEopiRtOTEkkQIj9GQ9DTlKCDSTaZrpfBAKwPoh0IfruBU/d2RoEDKSeDpymxEOetl4n9eL1b+hZtQHsWKcPz9kR8zqEKYZQQHVBCs2EQThAXVs0I8QgJhpZPMQrBnV54n7VrVPqtaV6flei2Powj2wD6oABucgzq4BE3QAhjcg0fwDF6MB+PJeDXevksLRt6zC/7AeP8CTMqezQ==</latexit>

Cl(X) ⇠= Z/pnZ
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lrq singularities

if, for example,


then 


moreover, then, X is a toric singularity and thus,


uniqueness of the G-action follow from 


Demushkin’s theorem 

<latexit sha1_base64="SKMntql5JTeUB/Hz8xRDmPHTjns=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCCykzRdRlwYUuK9gHdMYhk2ba0CQzJBmhDsVfceNCEbf+hzv/xkw7C209cLmHc+4lNydMGFXacb6t0tLyyupaeb2ysbm1vWPv7rVVnEpMWjhmseyGSBFGBWlpqhnpJpIgHjLSCUdXud95IFLRWNzpcUJ8jgaCRhQjbaTAPrj2Tj0ci4FpPA2y5F5MKoFddWrOFHCRuAWpggLNwP7y+jFOOREaM6RUz3US7WdIaooZmVS8VJEE4REakJ6hAnGi/Gx6/QQeG6UPo1iaEhpO1d8bGeJKjXloJjnSQzXv5eJ/Xi/V0aWfUZGkmgg8eyhKGdQxzKOAfSoJ1mxsCMKSmlshHiKJsDaB5SG4819eJO16zT2vObdn1Ua9iKMMDsEROAEuuAANcAOaoAUweATP4BW8WU/Wi/VufcxGS1axsw/+wPr8AZPwlJ0=</latexit>

G ⇠= µpn

<latexit sha1_base64="0lB51eLRxwM3Qp67ApYuu+B3Szk=">AAACFnicbVBNS8MwGE7n15xfVY9egkOYoLMdoh4Hu3ic4D5wrSPN0i0sTUuSCqP0V3jxr3jxoIhX8ea/MZ0FdfOBkCfP877kfR8vYlQqy/o0CguLS8srxdXS2vrG5pa5vdOWYSwwaeGQhaLrIUkY5aSlqGKkGwmCAo+RjjduZH7njghJQ36tJhFxAzTk1KcYKS31zePEEQFssLTSPXSOHBzyob4CpEael9ykJ9Et/3mV+mbZqlpTwHli56QMcjT75oczCHEcEK4wQ1L2bCtSboKEopiRtOTEkkQIj9GQ9DTlKCDSTaZrpfBAKwPoh0IfruBU/d2RoEDKSeDpymxEOetl4n9eL1b+hZtQHsWKcPz9kR8zqEKYZQQHVBCs2EQThAXVs0I8QgJhpZPMQrBnV54n7VrVPqtaV6flei2Powj2wD6oABucgzq4BE3QAhjcg0fwDF6MB+PJeDXevksLRt6zC/7AeP8CTMqezQ==</latexit>

Cl(X) ⇠= Z/pnZ
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uniqueness theorem

Theorem an lrq singularity 

(in particular,        is linearly reductive

 and acts linearly)

<latexit sha1_base64="rPQcmTCO9zG4kV5QeRstf+VixrY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4qkkRdVlxocsK9gFtDJPJpB06eTAzUUrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+Z4CWdSWda3sbS8srq2Xtoob25t7+yalb22jFNBaIvEPBZdD0vKWURbiilOu4mgOPQ47Xijq9zvPFAhWRzdqXFCnRAPIhYwgpWWXLPSD7Eael52Obn3T65du+yaVatmTYEWiV2QKhRouuZX349JGtJIEY6l7NlWopwMC8UIp5NyP5U0wWSEB7SnaYRDKp1sGn2CjrTioyAW+kUKTdXfGxkOpRyHnp7Mg8p5Lxf/83qpCi6cjEVJqmhEZoeClCMVo7wH5DNBieJjTTARTGdFZIgFJkq3lZdgz395kbTrNfusZt2eVhv1oo4SHMAhHIMN59CAG2hCCwg8wjO8wpvxZLwY78bHbHTJKHb24Q+Mzx8Ah5Mf</latexit>

Ad/G1
<latexit sha1_base64="0FvAshx9Vsnv3sTyYgui2G7GiNU=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VjwoMcK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6Lrfztr6xubWdmmnvLu3f3BYOTpu2ygxjLdYJCPTDajlUmjeQoGSd2PDqQok7wST29zvPHFjRaQfcRpzX9GRFqFgFHPpbuCVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWad1VzHy6rjXoRRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+APK4jXg=</latexit>

G1

assume
<latexit sha1_base64="HT3QnxyXnT6iOsBLvWMDusQYQak=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgotSkiLqsuNBlBfuAJobJZFqHTiZhZiKUkJUbf8WNC0Xc+g3u/BsnbRbaeuDC4Zx7ufceP2ZUKsv6NkoLi0vLK+XVytr6xuaWub3TkVEiMGnjiEWi5yNJGOWkrahipBcLgkKfka4/usz97gMRkkb8Vo1j4oZoyOmAYqS05Jn7Pafm4IgPnVrqhEjd+356kd0F2fGV16h4ZtWqWxPAeWIXpAoKtDzzywkinISEK8yQlH3bipWbIqEoZiSrOIkkMcIjNCR9TTkKiXTTyRsZPNRKAAeR0MUVnKi/J1IUSjkOfd2ZXypnvVz8z+snanDuppTHiSIcTxcNEgZVBPNMYEAFwYqNNUFYUH0rxPdIIKx0cnkI9uzL86TTqNundevmpNpsFHGUwR44AEfABmegCa5BC7QBBo/gGbyCN+PJeDHejY9pa8koZnbBHxifP8b4l/s=</latexit>

X ⇠= Ad/G2
<latexit sha1_base64="vVaqKG0ZDLgu/FIqv0NPbrMhan4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VjwoMcK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6Lrfztr6xubWdmmnvLu3f3BYOTpu2ygxjLdYJCPTDajlUmjeQoGSd2PDqQok7wST29zvPHFjRaQfcRpzX9GRFqFgFHPpblAvDypVt+bOQVaJV5AqFGgOKl/9YcQSxTUySa3teW6MfkoNCib5rNxPLI8pm9AR72VUU8Wtn85vnZHzTBmSMDJZaSRz9fdESpW1UxVknYri2C57ufif10swvPFToeMEuWaLRWEiCUYkf5wMheEM5TQjlBmR3UrYmBrKMIsnD8FbfnmVtOs176rmPlxWG/UijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8AfQ9jXk=</latexit>

G2where is a finite 

k-group scheme that acts freely outside the 


closed point and fixes the origin

Remark   we do not assume that         is linearly reductive

                nor that it acts linearly

<latexit sha1_base64="vVaqKG0ZDLgu/FIqv0NPbrMhan4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VjwoMcK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6Lrfztr6xubWdmmnvLu3f3BYOTpu2ygxjLdYJCPTDajlUmjeQoGSd2PDqQok7wST29zvPHFjRaQfcRpzX9GRFqFgFHPpblAvDypVt+bOQVaJV5AqFGgOKl/9YcQSxTUySa3teW6MfkoNCib5rNxPLI8pm9AR72VUU8Wtn85vnZHzTBmSMDJZaSRz9fdESpW1UxVknYri2C57ufif10swvPFToeMEuWaLRWEiCUYkf5wMheEM5TQjlBmR3UrYmBrKMIsnD8FbfnmVtOs176rmPlxWG/UijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8AfQ9jXk=</latexit>

G2
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uniqueness theorem

then

<latexit sha1_base64="NeOiJyCMuLjPKNqZEs4vZC5FdjE=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgopSkiLosuKjLCvYBTQiT6aQdOpkJMxOxhP6KGxeKuPVH3Pk3TtostPXAhcM593LvPWHCqNKO822VNja3tnfKu5W9/YPDI/u42lMilZh0sWBCDkKkCKOcdDXVjAwSSVAcMtIPp7e5338kUlHBH/QsIX6MxpxGFCNtpMCutgMXenUPCz726rAdNCuBXXMazgJwnbgFqYECncD+8kYCpzHhGjOk1NB1Eu1nSGqKGZlXvFSRBOEpGpOhoRzFRPnZ4vY5PDfKCEZCmuIaLtTfExmKlZrFoemMkZ6oVS8X//OGqY5u/IzyJNWE4+WiKGVQC5gHAUdUEqzZzBCEJTW3QjxBEmFt4spDcFdfXie9ZsO9ajj3l7VWs4ijDE7BGbgALrgGLXAHOqALMHgCz+AVvFlz68V6tz6WrSWrmDkBf2B9/gDtgJJg</latexit>

G1
⇠= G21)                   as finite k-group schemes 

 

2) the          - action is linearisable 
 

3) with respect to linearisations,        and 
 
are conjugate as subgroup schemes of  

<latexit sha1_base64="vVaqKG0ZDLgu/FIqv0NPbrMhan4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VjwoMcK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6Lrfztr6xubWdmmnvLu3f3BYOTpu2ygxjLdYJCPTDajlUmjeQoGSd2PDqQok7wST29zvPHFjRaQfcRpzX9GRFqFgFHPpblAvDypVt+bOQVaJV5AqFGgOKl/9YcQSxTUySa3teW6MfkoNCib5rNxPLI8pm9AR72VUU8Wtn85vnZHzTBmSMDJZaSRz9fdESpW1UxVknYri2C57ufif10swvPFToeMEuWaLRWEiCUYkf5wMheEM5TQjlBmR3UrYmBrKMIsnD8FbfnmVtOs176rmPlxWG/UijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8AfQ9jXk=</latexit>

G2

<latexit sha1_base64="vVaqKG0ZDLgu/FIqv0NPbrMhan4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VjwoMcK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6Lrfztr6xubWdmmnvLu3f3BYOTpu2ygxjLdYJCPTDajlUmjeQoGSd2PDqQok7wST29zvPHFjRaQfcRpzX9GRFqFgFHPpblAvDypVt+bOQVaJV5AqFGgOKl/9YcQSxTUySa3teW6MfkoNCib5rNxPLI8pm9AR72VUU8Wtn85vnZHzTBmSMDJZaSRz9fdESpW1UxVknYri2C57ufif10swvPFToeMEuWaLRWEiCUYkf5wMheEM5TQjlBmR3UrYmBrKMIsnD8FbfnmVtOs176rmPlxWG/UijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8AfQ9jXk=</latexit>

G2
<latexit sha1_base64="0FvAshx9Vsnv3sTyYgui2G7GiNU=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VjwoMcK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6Lrfztr6xubWdmmnvLu3f3BYOTpu2ygxjLdYJCPTDajlUmjeQoGSd2PDqQok7wST29zvPHFjRaQfcRpzX9GRFqFgFHPpbuCVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWad1VzHy6rjXoRRwlO4QwuwINraMA9NKEFDMbwDK/w5ijnxXl3Phata04xcwJ/4Hz+APK4jXg=</latexit>

G1

<latexit sha1_base64="O3odxtH8cBrUlftpF/dH/xRj4lg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mKqMeCBz14qGA/IA1ls9m2S3ezYXcilNCf4cWDIl79Nd78N27aHLT1wcDjvRlm5oWJ4AZc99spra1vbG6Vtys7u3v7B9XDo45RqaasTZVQuhcSwwSPWRs4CNZLNCMyFKwbTm5yv/vEtOEqfoRpwgJJRjEfckrASn7W1xLf3s8GUWVQrbl1dw68SryC1FCB1qD61Y8UTSWLgQpijO+5CQQZ0cCpYLNKPzUsIXRCRsy3NCaSmSCbnzzDZ1aJ8FBpWzHgufp7IiPSmKkMbackMDbLXi7+5/kpDK+DjMdJCiymi0XDVGBQOP8fR1wzCmJqCaGa21sxHRNNKNiU8hC85ZdXSadR9y7r7sNFrdko4iijE3SKzpGHrlAT3aEWaiOKFHpGr+jNAefFeXc+Fq0lp5g5Rn/gfP4ATqeQkA==</latexit>

GLd
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rigidity of lrq singularities

Schlessinger over the complex numbers,


(isolated and finite) quotient singularities


in dimension at least 3 


are infinitesimally rigid

Remark   also true for finite quotient singularities by 

                groups of order prime to the characteristic
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rigidity of lrq singularities

Proposition lrq singularities


are infinitesimally rigid 

1) in dimension at least 4 or 
 

2) in dimension 3 if the quotient is by an  
 
étale group scheme 
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rigidity of lrq singularities

what about infinitesimal rigidity of lrq singularities 


in dimension 3?

<latexit sha1_base64="ZupK9uK25OkrzR2rnNZjcnKEt24=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEUJWkIGAsYoCxSPQhNaFyXKe16tiR7SBVUQcWfoWFAYRY+Qg2/gan7QAtR7rS0Tn36t57gphRpR3n28otLa+sruXXCxubW9s79u5eU4lEYtLAggnZDpAijHLS0FQz0o4lQVHASCsYXmV+64FIRQW/06OY+BHqcxpSjLSRunaxDb2yhwXve2XoRUgPgiC9HN+fHF8XunbJqTgTwEXizkgJzFDv2l9eT+AkIlxjhpTquE6s/RRJTTEj44KXKBIjPER90jGUo4goP508MYaHRunBUEhTXMOJ+nsiRZFSoygwndmZat7LxP+8TqLDCz+lPE404Xi6KEwY1AJmicAelQRrNjIEYUnNrRAPkERYm9yyENz5lxdJs1pxzyrO7WmpVp3FkQdFcACOgAvOQQ3cgDpoAAwewTN4BW/Wk/VivVsf09acNZvZB39gff4AHsSWbQ==</latexit>

X ⇠= A3/G
<latexit sha1_base64="ZCwpV7nPA6DDH6UC4p5CDFZ7crA=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KKUpIq6LLioCxcV7AOaECbTSTt0MgkzE6GEbPwVNy4UcetnuPNvnLRZaOuBC4dz7uXee/yYUaks69sorayurW+UNytb2zu7e+b+QVdGicCkgyMWib6PJGGUk46iipF+LAgKfUZ6/uQm93uPREga8Qc1jYkbohGnAcVIackzj1pOzZGJL4lyaqkjQti6y7zzimdWrbo1A1wmdkGqoEDbM7+cYYSTkHCFGZJyYFuxclMkFMWMZBUnkSRGeIJGZKApRyGRbjp7IIOnWhnCIBK6uIIz9fdEikIpp6GvO0OkxnLRy8X/vEGigms3pTxOFOF4vihIGFQRzNOAQyoIVmyqCcKC6lshHiOBsNKZ5SHYiy8vk26jbl/WrfuLarNRxFEGx+AEnAEbXIEmuAVt0AEYZOAZvII348l4Md6Nj3lryShmDsEfGJ8//l+VUQ==</latexit>

G ⇢ GL3

if                     , then        is infinitesimally rigid, 
 
thus, we may assume          is non-trivial

<latexit sha1_base64="VXzDAjXO2JHAx+IlcqzZCb47zJQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwUEpSRL0IBQ96rGA/oIlls920SzebsLsRS8hf8eJBEa/+EW/+G5M2B219MPB4b4aZeV7EmdKW9W2srK6tb2yWtsrbO7t7++ZBpaPCWBLaJiEPZc/DinImaFszzWkvkhQHHqddb3Kd+91HKhULxb2eRtQN8EgwnxGsM2lgVm4eHMIkcWpXTs1JqJOWB2bVqlszoGViF6QKBVoD88sZhiQOqNCEY6X6thVpN8FSM8JpWnZiRSNMJnhE+xkVOKDKTWa3p+gkU4bID2VWQqOZ+nsiwYFS08DLOgOsx2rRy8X/vH6s/Us3YSKKNRVkvsiPOdIhyoNAQyYp0XyaEUwky25FZIwlJjqLKw/BXnx5mXQadfu8bt2dVZuNIo4SHMExnIINF9CEW2hBGwg8wTO8wpuRGi/Gu/Exb10xiplD+APj8wd8aJNi</latexit>

G� = {e}
<latexit sha1_base64="eQXL0mLTPHP/cAmi2YunbCR6Dms=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vjw4rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctDlo64OBx3szzMwLEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlaPOE24H9GREqFgFK300C0PKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/m186I+dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J442dCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXtes27qrn3l9VGvYijBKdwBhfgwTU04A6a0AIGITzDK7w5E+fFeXc+Fq1rTjFzAn/gfP4A5vOM5Q==</latexit>

X

<latexit sha1_base64="f+qekwpyv5obMOp8DTK8XVoC9XE=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VjwoMcK9gPaWDbTTbt0s4m7G6GU/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqkDUwFrFqB1QzwSVrGG4EayeK0SgQrBWMrjO/9cSU5rG8N+OE+REdSB5ypMZK7ZuHLnKFxV6p7FbcGcgy8XJShhz1Xumr248xjZg0KKjWHc9NjD+hynAUbFrsppolFEd0wDqWShox7U9m907JqVX6JIyVLWnITP09MaGR1uMosJ0RNUO96GXif14nNeGVP+EySQ2TOF8UpoKYmGTPkz5XDI0YW0JRcXsrwSFVFI2NKAvBW3x5mTSrFe+i4t6dl2vVPI4CHMMJnIEHl1CDW6hDAxAEPMMrvDmPzovz7nzMW1ecfOYI/sD5/AFGj49r</latexit>

G�
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<latexit sha1_base64="dKI4xN2jIWbG9+pFTrFbBMSUdiI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mKqMeCF49V7Ac0oWy2m3bpZjfsTpQS+je8eFDEq3/Gm//GTZuDtj4YeLw3w8y8MBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJTe53H5k2XMkHmCYsiMlI8ohTAlby/Xs+GgPRWj1VBtWaW3fnwKvEK0gNFWgNql/+UNE0ZhKoIMb0PTeBICMaOBVsVvFTwxJCJ2TE+pZKEjMTZPObZ/jMKkMcKW1LAp6rvycyEhszjUPbGRMYm2UvF//z+ilE10HGZZICk3SxKEoFBoXzAPCQa0ZBTC0hVHN7K6ZjogkFG1Megrf88irpNOreZd29u6g1G0UcZXSCTtE58tAVaqJb1EJtRFGCntErenNS58V5dz4WrSWnmDlGf+B8/gDGlpF2</latexit>)

<latexit sha1_base64="f+qekwpyv5obMOp8DTK8XVoC9XE=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VjwoMcK9gPaWDbTTbt0s4m7G6GU/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqkDUwFrFqB1QzwSVrGG4EayeK0SgQrBWMrjO/9cSU5rG8N+OE+REdSB5ypMZK7ZuHLnKFxV6p7FbcGcgy8XJShhz1Xumr248xjZg0KKjWHc9NjD+hynAUbFrsppolFEd0wDqWShox7U9m907JqVX6JIyVLWnITP09MaGR1uMosJ0RNUO96GXif14nNeGVP+EySQ2TOF8UpoKYmGTPkz5XDI0YW0JRcXsrwSFVFI2NKAvBW3x5mTSrFe+i4t6dl2vVPI4CHMMJnIEHl1CDW6hDAxAEPMMrvDmPzovz7nzMW1ecfOYI/sD5/AFGj49r</latexit>

G� non-trivial

<latexit sha1_base64="mGtRZTgbvZKw+DkEiZ2SYjXUGa4=">AAACA3icbVDLSsNAFJ34rPUVdaebYBFcSEmKqMuCC11WsA9o0jCZTtqh8wgzE6GEght/xY0LRdz6E+78GydtFtp64HIP59zLzD1RQonSrvttLS2vrK6tlzbKm1vbO7v23n5LiVQi3ESCCtmJoMKUcNzURFPcSSSGLKK4HY2uc7/9gKUigt/rcYIDBgecxARBbaTQPrzp+YhI5J/5SPCBaSwNs6THJ+XQrrhVdwpnkXgFqYACjdD+8vsCpQxzjShUquu5iQ4yKDVBFE/KfqpwAtEIDnDXUA4ZVkE2vWHinBil78RCmuLamaq/NzLIlBqzyEwyqIdq3svF/7xuquOrICM8STXmaPZQnFJHCycPxOkTiZGmY0MgksT81UFDKCHSJrY8BG/+5EXSqlW9i6p7d16p14o4SuAIHINT4IFLUAe3oAGaAIFH8AxewZv1ZL1Y79bHbHTJKnYOwB9Ynz85WZc0</latexit>

G� ⇠= µpn

embedded into            via 
<latexit sha1_base64="Kg3f1PFevNa03J84NeQO2ZNhfng=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9VjwoAcPFewHpKFstpt26WY37E6EEvozvHhQxKu/xpv/xk2bg7Y+GHi8N8PMvDAR3IDrfjsrq2vrG5ulrfL2zu7efuXgsG1UqilrUSWU7obEMMElawEHwbqJZiQOBeuE45vc7zwxbbiSjzBJWBCToeQRpwSs5Gc9HePb+2n/vNyvVN2aOwNeJl5BqqhAs1/56g0UTWMmgQpijO+5CQQZ0cCpYNNyLzUsIXRMhsy3VJKYmSCbnTzFp1YZ4EhpWxLwTP09kZHYmEkc2s6YwMgsern4n+enEF0HGZdJCkzS+aIoFRgUzv/HA64ZBTGxhFDN7a2YjogmFGxKeQje4svLpF2veZc19+Gi2qgXcZTQMTpBZ8hDV6iB7lATtRBFCj2jV/TmgPPivDsf89YVp5g5Qn/gfP4ABDKQXw==</latexit>

GL3

<latexit sha1_base64="/T1Lqonuw8ZM78RwNxB+XoA1o0A="></latexit>0

@
⇣pn

⇣a2
pn

⇣a3
pn

1

A

weights
<latexit sha1_base64="uF12Z29pHN2qXl4k1TrM5ISivso=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcpuFfVY8OKxgv2A7VKyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYW9/Y3Cpul3Z29/YPyodHbaNSTVmLKqF0NySGCS5ZCzgI1k00I3EoWCcc3838zhPThiv5CJOEBTEZSh5xSsBKftW7IP26rcvzfrni1tw58CrxclJBOZr98ldvoGgaMwlUEGN8z00gyIgGTgWblnqpYQmhYzJkvqWSxMwE2fzkKT6zygBHStuSgOfq74mMxMZM4tB2xgRGZtmbif95fgrRbZBxmaTAJF0silKBQeHZ/3jANaMgJpYQqrm9FdMR0YSCTalkQ/CWX14l7XrNu665D1eVRj2Po4hO0CmqIg/doAa6R03UQhQp9Ixe0ZsDzovz7nwsWgtOPnOM/sD5/AHVgI+c</latexit>

(1, a2, a3)

rigidity of lrq singularities
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rigidity of lrq singularities

1)  adjoint representation

2) determinant of the action 

<latexit sha1_base64="cRpIh7K4gwWcN54rX69D72nHOME="></latexit>

�ad : G ! GL(Lie(G))| {z }
⇠=Gm

<latexit sha1_base64="7IA2tBv/QsJob+jp4jXS6fuLkJc="></latexit>

�det : G
⇢! GL3

det! Gm
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rigidity of lrq singularities

Theorem a 3-dimensional lrq singularity


is infinitesimally rigid if and only if

<latexit sha1_base64="spA9rU20vPtJfK41X7pGtoELVW4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiZV1GXFhS4r2Ae0sUymk3boZBJmJoUS8iduXCji1j9x5984bbPQ1gMDh3Pu5Z45fsyZ0o7zbRVWVtfWN4qbpa3tnd09e/+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDv1W2MqFYvEo57E1AvxQLCAEayN1LPttBtiPfT99CbLns7P7np22ak4M6Bl4uakDDnqPfur249IElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZfOkmfoxCh9FETSPKHRTP29keJQqUnom8lpTLXoTcX/vE6ig2svZSJONBVkfihIONIRmtaA+kxSovnEEEwkM1kRGWKJiTZllUwJ7uKXl0mzWnEvK87DRblWzesowhEcwym4cAU1uIc6NIDAGJ7hFd6s1Hqx3q2P+WjByncO4Q+szx8bxJNC</latexit>

A3/G

1)              is trivial 

 

2)                         and 

<latexit sha1_base64="f+qekwpyv5obMOp8DTK8XVoC9XE=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VjwoMcK9gPaWDbTTbt0s4m7G6GU/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqkDUwFrFqB1QzwSVrGG4EayeK0SgQrBWMrjO/9cSU5rG8N+OE+REdSB5ypMZK7ZuHLnKFxV6p7FbcGcgy8XJShhz1Xumr248xjZg0KKjWHc9NjD+hynAUbFrsppolFEd0wDqWShox7U9m907JqVX6JIyVLWnITP09MaGR1uMosJ0RNUO96GXif14nNeGVP+EySQ2TOF8UpoKYmGTPkz5XDI0YW0JRcXsrwSFVFI2NKAvBW3x5mTSrFe+i4t6dl2vVPI4CHMMJnIEHl1CDW6hDAxAEPMMrvDmPzovz7nzMW1ecfOYI/sD5/AFGj49r</latexit>

G�

<latexit sha1_base64="CcPNOIjGDO5AKjycdTCqBCnRYnc=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJAYUJVUCBgrMcBYJPqQmjRyXKe16tiR7SBVUQcWfoWFAYRY+Qg2/ganzQAtR7q6R+fcK/ueMGFUacf5tlZW19Y3Nktb5e2d3b19++CwrUQqMWlhwYTshkgRRjlpaaoZ6SaSoDhkpBOOr3O/80CkooLf60lC/BgNOY0oRtpIgV256XuYSuydeVjwoWlxGmRJn09hObCrTs2ZAS4TtyBVUKAZ2F/eQOA0JlxjhpTquU6i/QxJTTEj07KXKpIgPEZD0jOUo5goP5sdMYUnRhnASEhTXMOZ+nsjQ7FSkzg0kzHSI7Xo5eJ/Xi/V0ZWfUZ6kmnA8fyhKGdQC5onAAZUEazYxBGFJzV8hHiGJsDa55SG4iycvk3a95l7UnLvzaqNexFECFXAMToELLkED3IImaAEMHsEzeAVv1pP1Yr1bH/PRFavYOQJ/YH3+AJi0l14=</latexit>

G� ⇠= µpn

<latexit sha1_base64="gw7IIE8KCp0EGC75YqNoyllffrc=">AAACDXicbVDLSsNAFJ3UV62vqks3g1VwISUpoi4LblxWsA9oQphMbtuhk0mcmQgl9Afc+CtuXCji1r07/8ZJW0RbD9zL4Zx7mbknSDhT2ra/rMLS8srqWnG9tLG5tb1T3t1rqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WB4lfvte5CKxeJWjxLwItIXrMco0Ubyy0cuHTA/c2WESTh2T10Bd6b/iCHocckvV+yqPQFeJM6MVNAMDb/86YYxTSMQmnKiVNexE+1lRGpGOYxLbqogIXRI+tA1VJAIlJdNrhnjY6OEuBdLU0Ljifp7IyORUqMoMJMR0QM17+Xif1431b1LL2MiSTUIOn2ol3KsY5xHg0MmgWo+MoRQycxfMR0QSag2AeYhOPMnL5JWreqcV+2bs0q9NoujiA7QITpBDrpAdXSNGqiJKHpAT+gFvVqP1rP1Zr1PRwvWbGcf/YH18Q26Q5tI</latexit>

�ad 6= �det
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rigidity of lrq singularities

Example
<latexit sha1_base64="yadQ9SMMMctu3vViBAI2Z3UlMJw=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eAkWoYKUpIp6LHjxWMF+QBvCZrtpl242YXcjlJCLf8WLB0W8+jO8+W/ctDlo64OBx3szzMzzY0alsu1vo7Syura+Ud6sbG3v7O6Z+wcdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6fqT29zvPhIhacQf1DQmbohGnAYUI6UlzzwaBALh1MlSntWcc+Q1dF2cVTyzatftGaxl4hSkCgVanvk1GEY4CQlXmCEp+44dKzdFQlHMSFYZJJLECE/QiPQ15Sgk0k1nD2TWqVaGVhAJXVxZM/X3RIpCKaehrztDpMZy0cvF/7x+ooIbN6U8ThTheL4oSJilIitPwxpSQbBiU00QFlTfauEx0okonVkegrP48jLpNOrOVd2+v6w2G0UcZTiGE6iBA9fQhDtoQRswZPAMr/BmPBkvxrvxMW8tGcXMIfyB8fkDRXuU1g==</latexit>

1

n
(1, a2, a3) is infinitesimally rigid


if and only if

1)                      or 
 
 
2)                      and

<latexit sha1_base64="WPExiwuEVVP9RXD0QQoqfhm0UlU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgoZSkiHosePFYwX5AE8pms2mX7m6W3Y1QSv+GFw+KePXPePPfuGlz0NYHA4/3ZpiZF0lGtfG8b6e0sbm1vVPereztHxweVY9PujrNFCYdnLJU9SOkCaOCdAw1jPSlIohHjPSiyV3u956I0jQVj2YqScjRSNCEYmSsFMigHghO46AuKsNqzWt4C7jrxC9IDQq0h9WvIE5xxokwmCGtB74nTThDylDMyLwSZJpIhCdoRAaWCsSJDmeLm+fuhVViN0mVLWHchfp7Yoa41lMe2U6OzFivern4nzfITHIbzqiQmSECLxclGXNN6uYBuDFVBBs2tQRhRe2tLh4jhbCxMeUh+Ksvr5Nus+FfN7yHq1qrWcRRhjM4h0vw4QZacA9t6AAGCc/wCm9O5rw4787HsrXkFDOn8AfO5w/lnZDj</latexit>

p - n

<latexit sha1_base64="x04rmixPnozDTKimMQDPLy8bYvE=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwUUpSRF0W3LisYB+QhDKZTNqh8wgzE6GEfoYbF4q49Wvc+TdO2iy09cCFwzn3cu89UcqoNq777VQ2Nre2d6q7tb39g8Oj+vFJX8tMYdLDkkk1jJAmjArSM9QwMkwVQTxiZBBN7wp/8ESUplI8mllKQo7GgiYUI2MlPw2aAadx0BS1Ub3httwF4DrxStIAJbqj+lcQS5xxIgxmSGvfc1MT5kgZihmZ14JMkxThKRoT31KBONFhvjh5Di+sEsNEKlvCwIX6eyJHXOsZj2wnR2aiV71C/M/zM5PchjkVaWaIwMtFScagkbD4H8ZUEWzYzBKEFbW3QjxBCmFjUypC8FZfXif9dsu7brkPV41Ou4yjCs7AObgEHrgBHXAPuqAHMJDgGbyCN8c4L86787FsrTjlzCn4A+fzBxWXkGs=</latexit>

p | n
<latexit sha1_base64="Z13J2byN+48LosSjWNPO+yn5FDU=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIFUtJqqjLghuXFewDmhAmk0k7dGYSZiZCiV34K25cKOLW33Dn3zhps9DqgQuHc+7l3nuChBKpbPvLKC0tr6yuldcrG5tb2zvm7l5XxqlAuINiGot+ACWmhOOOIorifiIwZAHFvWB8nfu9eywkifmdmiTYY3DISUQQVFryzQPu1l3OSOjWa84p9Ju6zk4qvlm1G/YM1l/iFKQKCrR989MNY5QyzBWiUMqBYyfKy6BQBFE8rbipxAlEYzjEA005ZFh62ez+qXWsldCKYqGLK2um/pzIIJNywgLdyaAayUUvF//zBqmKrryM8CRVmKP5oiilloqtPAwrJAIjRSeaQCSIvtVCIyggUjqyPARn8eW/pNtsOBcN+/a82moWcZTBITgCNeCAS9ACN6ANOgCBB/AEXsCr8Wg8G2/G+7y1ZBQz++AXjI9vf+CTxQ==</latexit>

n - (1 + a2 + a3)
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rigidity of lrq singularities

Theorem if a 3-dimensional lrq singularity


is not infinitesimally rigid, then

<latexit sha1_base64="mGtRZTgbvZKw+DkEiZ2SYjXUGa4=">AAACA3icbVDLSsNAFJ34rPUVdaebYBFcSEmKqMuCC11WsA9o0jCZTtqh8wgzE6GEght/xY0LRdz6E+78GydtFtp64HIP59zLzD1RQonSrvttLS2vrK6tlzbKm1vbO7v23n5LiVQi3ESCCtmJoMKUcNzURFPcSSSGLKK4HY2uc7/9gKUigt/rcYIDBgecxARBbaTQPrzp+YhI5J/5SPCBaSwNs6THJ+XQrrhVdwpnkXgFqYACjdD+8vsCpQxzjShUquu5iQ4yKDVBFE/KfqpwAtEIDnDXUA4ZVkE2vWHinBil78RCmuLamaq/NzLIlBqzyEwyqIdq3svF/7xuquOrICM8STXmaPZQnFJHCycPxOkTiZGmY0MgksT81UFDKCHSJrY8BG/+5EXSqlW9i6p7d16p14o4SuAIHINT4IFLUAe3oAGaAIFH8AxewZv1ZL1Y79bHbHTJKnYOwB9Ynz85WZc0</latexit>

G� ⇠= µpn for some                  and then
<latexit sha1_base64="UQ+uk+vNBGAt0OVGECAF2GAxO9Q=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBQylJEfUkBS8eK9gPaELZbDft0s0m7m6EEvonvHhQxKt/x5v/xk2ag7Y+GHi8N8PMPD/mTGnb/rZKa+sbm1vl7crO7t7+QfXwqKuiRBLaIRGPZN/HinImaEczzWk/lhSHPqc9f3qb+b0nKhWLxIOexdQL8ViwgBGsjdQXbv3GrduVYbVmN+wcaJU4BalBgfaw+uWOIpKEVGjCsVIDx461l2KpGeF0XnETRWNMpnhMB4YKHFLlpfm9c3RmlBEKImlKaJSrvydSHCo1C33TGWI9UcteJv7nDRIdXHspE3GiqSCLRUHCkY5Q9jwaMUmJ5jNDMJHM3IrIBEtMtIkoC8FZfnmVdJsN57Jh31/UWs0ijjKcwCmcgwNX0II7aEMHCHB4hld4sx6tF+vd+li0lqxi5hj+wPr8ATFDjrU=</latexit>

n > 0

<latexit sha1_base64="O/FFJ3XEdudxjE9il7rtuu8eSsg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBRalJFRVBqLjQZQX7gCaWyXTaDp1MwsxEKCHgxl9x40IRt/6EO//GSZuFth64cDjnXu69xwsZlcqyvo3c3PzC4lJ+ubCyura+YW5uNWQQCUzqOGCBaHlIEkY5qSuqGGmFgiDfY6TpDa9Sv/lAhKQBv1OjkLg+6nPaoxgpLXXMnRZ0SucXTgnGjo/UwPPiyyS5Pzq8LnTMolW2xoCzxM5IEWSodcwvpxvgyCdcYYakbNtWqNwYCUUxI0nBiSQJER6iPmlrypFPpBuPf0jgvla6sBcIXVzBsfp7Ika+lCPf053pnXLaS8X/vHakemduTHkYKcLxZFEvYlAFMA0EdqkgWLGRJggLqm+FeIAEwkrHloZgT788SxqVsn1Stm6Pi9VKFkce7II9cABscAqq4AbUQB1g8AiewSt4M56MF+Pd+Ji05oxsZhv8gfH5AwkPlc8=</latexit>

X := A3/G

<latexit sha1_base64="7h6ajoplB8Eq4NyRliwwnJB3bIw="></latexit>

DefX ⇠= SpecW (k)["]/("2, pn")
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dimension 2

for a normal surface singularity                  over the complex numbers 

TFAE

1)  X is a quotient singularity 
 
 by a finite subgroup of 
 
 


2) X is klt

<latexit sha1_base64="AhstNiS93xQRv1wnswF9G5p3yw8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBQylJEfVY8OKxgv3AJpTNdtMu3WzC7kYsof/CiwdFvPpvvPlv3KQ5aOuDgcd7M8zM82POlLbtb6u0tr6xuVXeruzs7u0fVA+PuipKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzpzeZ33ukUrFI3OtZTL0QjwULGMHaSA9Pbt1lwq33K8NqzW7YOdAqcQpSgwLtYfXLHUUkCanQhGOlBo4day/FUjPC6bziJorGmEzxmA4MFTikykvzi+fozCgjFETSlNAoV39PpDhUahb6pjPEeqKWvUz8zxskOrj2UibiRFNBFouChCMdoex9NGKSEs1nhmAimbkVkQmWmGgTUhaCs/zyKuk2G85lw767qLWaRRxlOIFTOAcHrqAFt9CGDhAQ8Ayv8GYp68V6tz4WrSWrmDmGP7A+fwBBxo/w</latexit>

x 2 X

<latexit sha1_base64="BTc887eBdNPTA7N+HPm89VeNr9s=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkRdRloQtduKhgH9CEMJlO26EzkzAzEUrIxl9x40IRt36GO//GSZuFth64cDjnXu69J4wZVdpxvq2V1bX1jc3SVnl7Z3dv3z447KgokZi0ccQi2QuRIowK0tZUM9KLJUE8ZKQbTpq5330kUtFIPOhpTHyORoIOKUbaSIF9nHqSw5u7LKhXPY70OAzTZnZeDuyKU3NmgMvELUgFFGgF9pc3iHDCidCYIaX6rhNrP0VSU8xIVvYSRWKEJ2hE+oYKxIny09kDGTwzygAOI2lKaDhTf0+kiCs15aHpzG9Ui14u/uf1Ez289lMq4kQTgeeLhgmDOoJ5GnBAJcGaTQ1BWFJzK8RjJBHWJrM8BHfx5WXSqdfcy5pzf1Fp1Is4SuAEnIIqcMEVaIBb0AJtgEEGnsEreLOerBfr3fqYt65YxcwR+APr8wcP9pVd</latexit>

GL2(C)
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dimension 2

1)  X is a quotient singularity 
 
by a finite subgroup of 
  

2) X is canonical 
 

3) X is a rational double point

<latexit sha1_base64="tX1xFBnZ+ACfxSLJ53gEk5jmX5c=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkRdRloRsXLiraBzShTKaTdujMJMxMhBKy8VfcuFDErZ/hzr9x0mahrQcuHM65l3vvCWJGlXacb2tldW19Y7O0Vd7e2d3btw8OOypKJCZtHLFI9gKkCKOCtDXVjPRiSRAPGOkGk2budx+JVDQSD3oaE5+jkaAhxUgbaWAfp57k8P42G9SrHkd6HARpMzsvD+yKU3NmgMvELUgFFGgN7C9vGOGEE6ExQ0r1XSfWfoqkppiRrOwlisQIT9CI9A0ViBPlp7MHMnhmlCEMI2lKaDhTf0+kiCs15YHpzG9Ui14u/uf1Ex1e+ykVcaKJwPNFYcKgjmCeBhxSSbBmU0MQltTcCvEYSYS1ySwPwV18eZl06jX3subcXVQa9SKOEjgBp6AKXHAFGuAGtEAbYJCBZ/AK3qwn68V6tz7mrStWMXME/sD6/AEi8pVp</latexit>

SL2(C)

for a normal surface singularity                  over the complex numbers 

TFAE

<latexit sha1_base64="AhstNiS93xQRv1wnswF9G5p3yw8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBQylJEfVY8OKxgv3AJpTNdtMu3WzC7kYsof/CiwdFvPpvvPlv3KQ5aOuDgcd7M8zM82POlLbtb6u0tr6xuVXeruzs7u0fVA+PuipKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzpzeZ33ukUrFI3OtZTL0QjwULGMHaSA9Pbt1lwq33K8NqzW7YOdAqcQpSgwLtYfXLHUUkCanQhGOlBo4day/FUjPC6bziJorGmEzxmA4MFTikykvzi+fozCgjFETSlNAoV39PpDhUahb6pjPEeqKWvUz8zxskOrj2UibiRFNBFouChCMdoex9NGKSEs1nhmAimbkVkQmWmGgTUhaCs/zyKuk2G85lw767qLWaRRxlOIFTOAcHrqAFt9CGDhAQ8Ayv8GYp68V6tz4WrSWrmDmGP7A+fwBBxo/w</latexit>

x 2 X
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dimension 2

Theorem Let X be a normal surface singularity


in characteristic 
<latexit sha1_base64="Ih+reDP4RCCh+w8knWeaY80ZPrI=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O2vrG5tb26Wd8u7e/sFh5ei4baPEMN5ikYxMN6CWS6F5CwVK3o0NpyqQvBNM7nK/88SNFZF+xGnMfUVHWoSCUcyl+NYtDypVt+bOQVaJV5AqFGgOKl/9YcQSxTUySa3teW6MfkoNCib5rNxPLI8pm9AR72VUU8Wtn85vnZHzTBmSMDJZaSRz9fdESpW1UxVknYri2C57ufif10swvPFToeMEuWaLRWEiCUYkf5wMheEM5TQjlBmR3UrYmBrKMIsnD8FbfnmVtOs176rmPlxWG/UijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8Af2MjX8=</latexit>

p > 0

TFAE
1) X is an lrq singularity by a 

 
finite subgroup scheme of 

2) X is an F-regular singularity 
 
 
 

3) X is klt

moreover, if             then this is equivalent to 
<latexit sha1_base64="WZXW0qQV8hwujX+ZnZ2rGrF+I3c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKWI8FLx4r2A9oQ9lsJ+3SzWbd3Qgl9Ed48aCIV3+PN/+NaZuDtj4YeLw3w8y8QAlurOt+O4WNza3tneJuaW//4PCofHzSNnGiGbZYLGLdDahBwSW2LLcCu0ojjQKBnWByO/c7T6gNj+WDnSr0IzqSPOSM2kzqqP4IH+ulQbniVt0FyDrxclKBHM1B+as/jFkSobRMUGN6nqusn1JtORM4K/UTg4qyCR1hL6OSRmj8dHHujFxkypCEsc5KWrJQf0+kNDJmGgVZZ0Tt2Kx6c/E/r5fY8MZPuVSJRcmWi8JEEBuT+e9kyDUyK6YZoUzz7FbCxlRTZrOE5iF4qy+vk3at6l1X3furSqOWx1GEMziHS/CgDg24gya0gMEEnuEV3hzlvDjvzseyteDkM6fwB87nD4tZjv8=</latexit>

p � 7

<latexit sha1_base64="jBZTCIMmFhC8Ms6JmAhJHSKscaM=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd2g6DHgQQ8eIpgHJkuYncwmQ+axzMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3RQlnxvr+t7eyura+sVnYKm7v7O7tlw4Om0almtAGUVzpdoQN5UzShmWW03aiKRYRp61odD31W09UG6bkgx0nNBR4IFnMCLZOesy6WqCbu0mv2iuV/Yo/A1omQU7KkKPeK311+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx28QSdOqWPYqVdSYtm6u+JDAtjxiJynQLboVn0puJ/Xie18VWYMZmklkoyXxSnHFmFpu+jPtOUWD52BBPN3K2IDLHGxLqQii6EYPHlZdKsVoKLin9/Xq5V8zgKcAwncAYBXEINbqEODSAg4Rle4c0z3ov37n3MW1e8fOYI/sD7/AHKtZBJ</latexit>

GL2
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dimension 2

Theorem Let X be a normal surface singularity


in characteristic 
<latexit sha1_base64="Ih+reDP4RCCh+w8knWeaY80ZPrI=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O2vrG5tb26Wd8u7e/sFh5ei4baPEMN5ikYxMN6CWS6F5CwVK3o0NpyqQvBNM7nK/88SNFZF+xGnMfUVHWoSCUcyl+NYtDypVt+bOQVaJV5AqFGgOKl/9YcQSxTUySa3teW6MfkoNCib5rNxPLI8pm9AR72VUU8Wtn85vnZHzTBmSMDJZaSRz9fdESpW1UxVknYri2C57ufif10swvPFToeMEuWaLRWEiCUYkf5wMheEM5TQjlBmR3UrYmBrKMIsnD8FbfnmVtOs176rmPlxWG/UijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8Af2MjX8=</latexit>

p > 0

TFAE
1) X is an lrq singularity by a 

 
finite subgroup scheme of 

2) X is an F-regular Gorenstein singularity 
 
 
 

3) X is canonical

moreover, if             then this is equivalent to 
<latexit sha1_base64="WZXW0qQV8hwujX+ZnZ2rGrF+I3c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKWI8FLx4r2A9oQ9lsJ+3SzWbd3Qgl9Ed48aCIV3+PN/+NaZuDtj4YeLw3w8y8QAlurOt+O4WNza3tneJuaW//4PCofHzSNnGiGbZYLGLdDahBwSW2LLcCu0ojjQKBnWByO/c7T6gNj+WDnSr0IzqSPOSM2kzqqP4IH+ulQbniVt0FyDrxclKBHM1B+as/jFkSobRMUGN6nqusn1JtORM4K/UTg4qyCR1hL6OSRmj8dHHujFxkypCEsc5KWrJQf0+kNDJmGgVZZ0Tt2Kx6c/E/r5fY8MZPuVSJRcmWi8JEEBuT+e9kyDUyK6YZoUzz7FbCxlRTZrOE5iF4qy+vk3at6l1X3furSqOWx1GEMziHS/CgDg24gya0gMEEnuEV3hzlvDjvzseyteDkM6fwB87nD4tZjv8=</latexit>

p � 7

<latexit sha1_base64="zH5Q/aZzrpPaJovmWJjfjsB195s=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHgxYOHivYD26Vk02wbmmSXJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCxPBjfW8b7Syura+sVnYKm7v7O7tlw4OmyZONWUNGotYt0NimOCKNSy3grUTzYgMBWuFo+up33pi2vBYPdhxwgJJBopHnBLrpMesqyW+v530qr1S2at4M+Bl4uekDDnqvdJXtx/TVDJlqSDGdHwvsUFGtOVUsEmxmxqWEDoiA9ZxVBHJTJDNLp7gU6f0cRRrV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtP3cZ9rRq0YO0Ko5u5WTIdEE2pdSEUXgr/48jJpViv+RcW7Oy/XqnkcBTiGEzgDHy6hBjdQhwZQUPAMr/CGDHpB7+hj3rqC8pkj+AP0+QPdaZBW</latexit>

SL2
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to be continued…
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