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Executive Summary
We classify homomorphisms: 

and 

New tools: totally symmetric sets, periodics

Bn ! B2n
<latexit sha1_base64="PrbjRI11a1cq6w04UkQtfwO5pFA=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8hgniMYB6QrMvsZDYZMjuzzMwqYQn4GV48KOLVf/Hm3zh5HDSxoKGo6qa7K0w408Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fw6uJ33qgSjMp7swooX6M+4JFjGBjpftaIFDXSFQLsooYB8WSW3anQMvEm5MSzFEPil/dniRpTIUhHGvd8dzE+BlWhhFOx4VuqmmCyRD3acdSgWOq/Wx69RidWKWHIqlsCYOm6u+JDMdaj+LQdsbYDPSiNxH/8zqpiS79jIkkNVSQ2aIo5cj+OYkA9ZiixPCRJZgoZm9FZIAVJsYGVbAheIsvL5NmpeydlSu356Xq9dMsjjwcwTGcggcXUIUbqEMDCCh4hld4cx6dF+fd+Zi15px5hIfwB87nD5SkklU=</latexit>

B0
n ! Bn

<latexit sha1_base64="4p9XXRcugn1XwN8bs6YIBvfV1AA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA9hd0o6DFEEI8RzAOSdZmdzCZDZmaXmVklLAE/w4sHRbz6L978GyePgyYWNBRV3XR3hQln2rjut7O0vLK6tp7byG9ube/sFvb2GzpOFaF1EvNYtUKsKWeS1g0znLYSRbEIOW2Gg6ux33ygSrNY3plhQn2Be5JFjGBjpftqIE9Qx8SoGmRyFBSKbsmdAC0Sb0aKMEMtKHx1ujFJBZWGcKx123MT42dYGUY4HeU7qaYJJgPco21LJRZU+9nk6hE6tkoXRbGyJQ2aqL8nMiy0HorQdgps+nreG4v/ee3URJd+xmSSGirJdFGUcmTfHEeAukxRYvjQEkwUs7ci0scKE2ODytsQvPmXF0mjXPLOSuXb82Ll+mkaRw4O4QhOwYMLqMAN1KAOBBQ8wyu8OY/Oi/PufExbl5xZhAfwB87nD4J/kko=</latexit>



Connection to polynomials

Polyn = space of monic, square free polynomials 
of degree n 

Our theorems constrain maps 

⇡1(Polyn) ⇠= Bn
<latexit sha1_base64="HHKWsxwm7n2dm4Sr8jwac1EiO+Q=">AAACCXicbVDLSgMxFM3UV62vqks3wSLUTZmpgi6LgrisYB/QKUMmTdvQTDIkd8QyFFy58VfcuFDErX/gzr8xfSy09cCFwznnktwTxoIbcN1vJ7O0vLK6ll3PbWxube/kd/fqRiWashpVQulmSAwTXLIacBCsGWtGolCwRji4HPuNO6YNV/IWhjFrR6QneZdTAlYK8tiPeeAVfWD3oKO0qsRwFMhj7FMle/gisJGCW3InwIvEm5ECmqEa5L/8jqJJxCRQQYxpeW4M7ZRo4FSwUc5PDIsJHZAea1kqScRMO51cMsJHVungrtJ2JOCJ+nsjJZExwyi0yYhA38x7Y/E/r5VA97ydchknwCSdPtRNBAaFx7XgDteMghhaQqjm9q+Y9okmFGx5OVuCN3/yIqmXS95JqXxzWqhcPUzryKIDdIiKyENnqIKuURXVEEWP6Bm9ojfnyXlx3p2PaTTjzCrcR3/gfP4A8tGaRA==</latexit>

Polyn ! Polym
<latexit sha1_base64="GzDje7b/2YzYSiPBd6p3x3Og9Ww=">AAACDHicbVBLSwMxGMzWV62vqkcvwSJ4KrtV0GNBEI8V7AO6pWTTbBuaZJfkW3FZCl69+Fe8eFDEqz/Am//G9HGwrQOBYWZCMhPEghtw3R8nt7K6tr6R3yxsbe/s7hX3DxomSjRldRqJSLcCYpjgitWBg2CtWDMiA8GawfBq7DfvmTY8UneQxqwjSV/xkFMCVuoWSz6wB9Ayq0UiHXUV9iHC85q0KbfsToCXiTcjJTRDrVv89nsRTSRTQAUxpu25MXQyooFTwUYFPzEsJnRI+qxtqSKSmU42KTPCJ1bp4TDS9ijAE/XvjYxIY1IZ2KQkMDCL3lj8z2snEF52Mq7iBJii04fCRGBbeLwM7nHNKIjUEkI1t3/FdEA0oWD3K9gRvMXKy6RRKXtn5crteal6/TidI4+O0DE6RR66QFV0g2qojih6Qi/oDb07z86r8+F8TqM5ZzbhIZqD8/ULY1ac4Q==</latexit>



Connection to polynomials

Polyn = space of monic, square free polynomials 
of degree n 

Resolution of the quartic is an algebraic map 

We show every              is cyclic or factors 
through the standard map, so no other maps

⇡1(Polyn) ⇠= Bn
<latexit sha1_base64="HHKWsxwm7n2dm4Sr8jwac1EiO+Q=">AAACCXicbVDLSgMxFM3UV62vqks3wSLUTZmpgi6LgrisYB/QKUMmTdvQTDIkd8QyFFy58VfcuFDErX/gzr8xfSy09cCFwznnktwTxoIbcN1vJ7O0vLK6ll3PbWxube/kd/fqRiWashpVQulmSAwTXLIacBCsGWtGolCwRji4HPuNO6YNV/IWhjFrR6QneZdTAlYK8tiPeeAVfWD3oKO0qsRwFMhj7FMle/gisJGCW3InwIvEm5ECmqEa5L/8jqJJxCRQQYxpeW4M7ZRo4FSwUc5PDIsJHZAea1kqScRMO51cMsJHVungrtJ2JOCJ+nsjJZExwyi0yYhA38x7Y/E/r5VA97ydchknwCSdPtRNBAaFx7XgDteMghhaQqjm9q+Y9okmFGx5OVuCN3/yIqmXS95JqXxzWqhcPUzryKIDdIiKyENnqIKuURXVEEWP6Bm9ojfnyXlx3p2PaTTjzCrcR3/gfP4A8tGaRA==</latexit>

Poly4 ! Poly3
<latexit sha1_base64="0evi7HrtizvkmRbGJhlS6qS6cAs=">AAACDHicbVBLSwMxGMzWV62vqkcvwSJ4KrttQY8FQTxWsA/oLiWbZtvQbHZJvhWXpeDVi3/FiwdFvPoDvPlvTB8H2zoQGGYmJDN+LLgG2/6xcmvrG5tb+e3Czu7e/kHx8Kilo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9dTfz2PVOaR/IO0ph5IRlIHnBKwEi9YskF9gAqzBqRSMe9GnYhwota1aTssj0FXiXOnJTQHI1e8dvtRzQJmQQqiNZdx47By4gCTgUbF9xEs5jQERmwrqGShEx72bTMGJ8ZpY+DSJkjAU/VvzcyEmqdhr5JhgSGetmbiP953QSCSy/jMk6ASTp7KEgENoUny+A+V4yCSA0hVHHzV0yHRBEKZr+CGcFZrrxKWpWyUy1Xbmul+vXjbI48OkGn6Bw56ALV0Q1qoCai6Am9oDf0bj1br9aH9TmL5qz5hMdoAdbXL67vnG0=</latexit>

B4 ! B3
<latexit sha1_base64="mVDw9hg13BRkK9rsU134v+YJ+bM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV2WCuKygn1AOwyZNNOGZpIhyQhlKPgTblwo4tavceffmD4W2nogcDjnhnvPCRPOtHHdbye3sbm1vZPfLeztHxweFY9P2lqmitAWkVyqbog15UzQlmGG026iKI5DTjvh+Gbmdx6p0kyKBzNJqB/joWARI9hYqdcIaqhvJGoE1aBYcsvuHGideEtSgiWaQfGrP5AkjakwhGOte56bGD/DyjDC6bTQTzVNMBnjIe1ZKnBMtZ/NT56iC6sMUCSVfcKgufr7R4ZjrSdxaCdjbEZ61ZuJ/3m91ETXfsZEkhoqyGJRlHJkQ87yowFTlBg+sQQTxeytiIywwsTYlgq2BG818jppV8petVy5r5Xqt0+LOvJwBudwCR5cQR3uoAktICDhGV7hzTHOi/PufCxGc86ywlP4A+fzB6LtkJg=</latexit>



Braid groups



Braid groups

Braid images: 
Ester Dalvit

�3�
�1
1 ��1

2 ��1
2 �3�1�3

<latexit sha1_base64="Y8EUTVpfkyxRn0OxH8wTf++e10M=">AAACN3icfVDLSsNAFJ3UV62vqEs3g0VwY0laQZcFQVxJBfuANobJdNIOnUnCzEQooeBHufE33OnGhSJu/QMnbXy14oGBc8+5lzv3eBGjUlnWg5Gbm19YXMovF1ZW19Y3zM2thgxjgUkdhywULQ9JwmhA6ooqRlqRIIh7jDS9wUnqN6+JkDQMLtUwIg5HvYD6FCOlJdc870ja48itwIzYV8mBPfqsyv9U3yNfSsE1i1bJGgPOEjsjRZCh5pr3nW6IY04ChRmSsm1bkXISJBTFjIwKnViSCOEB6pG2pgHiRDrJ+O4R3NNKF/qh0C9QcKz+nEgQl3LIPd3JkerLaS8V//LasfKPnYQGUaxIgCeL/JhBFcI0RNilgmDFhpogLKj+K8R9JBBWOuo0BHv65FnSKJfsSql8cVisnt5M4siDHbAL9oENjkAVnIEaqAMMbsEjeAYvxp3xZLwab5PWnJFFuA1+wXj/ANhDqxg=</latexit>

�i�j = �j�i
<latexit sha1_base64="lhyTXw1m9gjqBJpcTMKYLRxVlO8=">AAACCnicbZDLSgMxFIbP1Futt1GXbkaL4KrMqKAboSCIywr2Au0wZNK0jU0yQ5IRylBw58ZXceNCEbc+gTvfxrSdgrYeCPn4/3NIzh/GjCrtut9WbmFxaXklv1pYW9/Y3LK3d2oqSiQmVRyxSDZCpAijglQ11Yw0YkkQDxmph/3LkV+/J1LRSNzqQUx8jrqCdihG2kiBvd9StMtRQLP77mIKUyOwi27JHZczD14GRciqEthfrXaEE06Exgwp1fTcWPspkppiRoaFVqJIjHAfdUnToECcKD8drzJ0Do3SdjqRNEdoZ6z+nkgRV2rAQ9PJke6pWW8k/uc1E90591Mq4kQTgScPdRLm6MgZ5eK0qSRYs4EBhCU1f3VwD0mEtUmvYELwZleeh9pxyTspHd+cFstXD5M48rAHB3AEHpxBGa6hAlXA8AjP8Apv1pP1Yr1bH5PWnJVFuAt/yvr8ARbPm5A=</latexit>

|i� j| > 1
<latexit sha1_base64="J5MXAsmNQmf3e0M9eLxK5JtLNDo=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT1JQBCPEcxDkiXMTmaTMTOzy8ysEDYB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVpeWV3Lruc2Nre2d/K7ezUdJYrQKol4pBoB1pQzSauGGU4bsaJYBJzWg/7V2K8/UqVZJO/MIKa+wF3JQkawsdL9kJ08DNEl8tr5glt0J0CLxJuRAsxQaee/Wp2IJIJKQzjWuum5sfFTrAwjnI5yrUTTGJM+7tKmpRILqv10cvAIHVmlg8JI2ZIGTdTfEykWWg9EYDsFNj09743F/7xmYsILP2UyTgyVZLooTDgyERp/jzpMUWL4wBJMFLO3ItLDChNjM8rZELz5lxdJrVT0Toul27NC+fppGkcWDuAQjsGDcyjDDVSgCgQEPMMrvDnKeXHenY9pa8aZRbgPf+B8/gCSZZAD</latexit>

�i�i+1�i =
<latexit sha1_base64="yL/rWt/gedNEOwDxchopQfqte8w=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCIJSZKuhGKAjisoJ9QDuUTJppQ5OZIckIZSgIbvwVNy4Uces3uPNvTNsRtPXA5R7OuZfkHj/mTGnH+bJyC4tLyyv51cLa+sbmlr29U1dRIgmtkYhHsuljRTkLaU0zzWkzlhQLn9OGP7gc+407KhWLwls9jKkncC9kASNYG6lj77cV6wncYVlP2bE7+tEuOnbRKTkToHniZqQIGaod+7PdjUgiaKgJx0q1XCfWXoqlZoTTUaGdKBpjMsA92jI0xIIqL52cMUKHRumiIJKmQo0m6u+NFAulhsI3kwLrvpr1xuJ/XivRwbmXsjBONA3J9KEg4UhHaJwJ6jJJieZDQzCRzPwVkT6WmGiTXMGE4M6ePE/q5ZJ7UirfnBYrV/fTOPKwBwdwBC6cQQWuoQo1IPAAT/ACr9aj9Wy9We/T0ZyVRbgLf2B9fAN0QpmF</latexit>

�i+1�i�i+1
<latexit sha1_base64="bWUXIcN4HdASMLJEVjIrK6T1Hm8=">AAACCXicbZBLSwMxFIXv1Fetr1GXboJFEIQyUwVdFgRxWcE+oB2GTJppQ5OZIckIZSi4cuNfceNCEbf+A3f+G9N2FrX1QODjnBuSe4KEM6Ud58cqrKyurW8UN0tb2zu7e/b+QVPFqSS0QWIey3aAFeUsog3NNKftRFIsAk5bwfB6krceqFQsju71KKGewP2IhYxgbSzfRl3F+gL7GTtzxzmzec+3y07FmQotg5tDGXLVffu724tJKmikCcdKdVwn0V6GpWaE03GpmyqaYDLEfdoxGGFBlZdNNxmjE+P0UBhLcyKNpu78jQwLpUYiMJMC64FazCbmf1kn1eGVl7EoSTWNyOyhMOVIx2hSC+oxSYnmIwOYSGb+isgAS0y0Ka9kSnAXV16GZrXinleqdxfl2s3jrI4iHMExnIILl1CDW6hDAwg8wQu8wbv1bL1aH9bnbLRg5RUewh9ZX7+ropq6</latexit>

Theorems.          
Bn

⇠= MCG(Dn)
<latexit sha1_base64="PRVhu/+WbKtS84/OZfW8ACyoWSc=">AAACBHicbZBLSwMxFIUz9VXra9RlN8Ei1E2ZqYIuixV1I1SwrdCWIZOmbWgmMyR3xDIUdONfceNCEbf+CHf+G9PHQlsPBD7OuSG5x48E1+A431ZqYXFpeSW9mllb39jcsrd3ajqMFWVVGopQ3fpEM8ElqwIHwW4jxUjgC1b3++VRXr9jSvNQ3sAgYq2AdCXvcErAWJ6dPfUkbtJQdnET2D2oILkqXwzzZ5488OycU3DGwvPgTiGHpqp49lezHdI4YBKoIFo3XCeCVkIUcCrYMNOMNYsI7ZMuaxiUJGC6lYyXGOJ947RxJ1TmSMBj9/eNhARaDwLfTAYEeno2G5n/ZY0YOiethMsoBibp5KFOLDCEeNQIbnPFKIiBAUIVN3/FtEcUoWB6y5gS3NmV56FWLLiHheL1Ua50/jCpI42yaA/lkYuOUQldogqqIooe0TN6RW/Wk/VivVsfk9GUNa1wF/2R9fkDfMqXxA==</latexit> ⇠= ⇡1Confn(C)

<latexit sha1_base64="kuAXL5ZQf2W5nqz5pT+PCck752E=">AAACD3icbVBNS8NAEN34bf2KevSyWJR6KUkV9Cj04lHBVqEJYbPdtIub3bA7EUvoP/DiX/HiQRGvXr35b9y2OWjrg4HHezPMzIszwQ143rczN7+wuLS8slpZW9/Y3HK3d9pG5ZqyFlVC6duYGCa4ZC3gINhtphlJY8Fu4rvmyL+5Z9pwJa9hkLEwJT3JE04JWClyDwOqZA8HGY/8ANgD6LRoKpkMI1kLUgL9OC6aw6PIrXp1bww8S/ySVFGJy8j9CrqK5imTQAUxpuN7GYQF0cCpYMNKkBuWEXpHeqxjqSQpM2Ex/meID6zSxYnStiTgsfp7oiCpMYM0tp2jE820NxL/8zo5JGdhwWWWA5N0sijJBQaFR+HgLteMghhYQqjm9lZM+0QTCjbCig3Bn355lrQbdf+43rg6qZ5fl3GsoD20j2rIR6foHF2gS9RCFD2iZ/SK3pwn58V5dz4mrXNOObOL/sD5/AEiYJzG</latexit>



The squared lantern relation

Math: 
Brendle–M

Art: 
Buriakova



Maps of braid groups: 
what was known



Artin's question

In 1947 Artin classified all homomorphisms 

and asked about automorphisms of Bn. 

Uses Bertrand's postulate!

Bn ! ⌃n
<latexit sha1_base64="cgRazeq5+anv+qRt6v+5jpvgBfc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4CrtR0GNQEI8RzQOyyzI7mSRDZmaXmdlAWAJ+iBcPinj1T7z5N04eB00saCiquunuilPOtPG8b2dldW19Y7OwVdze2d3bdw8OGzrJFKF1kvBEtWKsKWeS1g0znLZSRbGIOW3Gg5uJ3xxSpVkiH80opaHAPcm6jGBjpch1ryOJApOg4IH1BI6sVPLK3hRomfhzUoI5apH7FXQSkgkqDeFY67bvpSbMsTKMcDouBpmmKSYD3KNtSyUWVIf59PIxOrVKB3UTZUsaNFV/T+RYaD0Sse0U2PT1ojcR//PamelehTmTaWaoJLNF3Ywj++kkBtRhihLDR5Zgopi9FZE+VpgYG1bRhuAvvrxMGpWyf16u3F+UqrdPszgKcAwncAY+XEIV7qAGdSAwhGd4hTcnd16cd+dj1rrizCM8gj9wPn8AtjKTew==</latexit>



Geometric automorphisms

Sample automorphisms of Bn: 

• Conjugation (i.e. inner automorphisms) 

• Inversion:  

These are geometric: induced by 

These generate all geometric autos.

f 2 Homeo(Dn)
<latexit sha1_base64="UNzFd51kGmQWhVAqkzjbKizKCDc=">AAACAnicbZBLSwMxFIUzvq2vqitxEyyCbspMFXQpKNJlBatCW0omvaPBPIbkjliGogv/ihsXirj1V7jz35g+Fr4OBD7OuSG5J06lcBiGn8HY+MTk1PTMbGFufmFxqbi8cuZMZjnUuZHGXsTMgRQa6ihQwkVqgalYwnl8fdjPz2/AOmH0KXZTaCl2qUUiOENvtYtrCW0KTZsIt2hVXjUKTG/rqK2328VSWA4Hon8hGkGJjFRrFz+aHcMzBRq5ZM41ojDFVs4sCi6hV2hmDlLGr9klNDxqpsC18sEKPbrpnQ5NjPVHIx2432/kTDnXVbGfVAyv3O+sb/6XNTJM9lu50GmGoPnwoSSTFA3t90E7wgJH2fXAuBX+r5RfMcs4+tYKvoTo98p/4axSjnbKlZPd0sHx/bCOGbJONsgWicgeOSBVUiN1wskdeSTP5CV4CJ6C1+BtODoWjCpcJT8UvH8BngWXWA==</latexit>

�i 7! ��1
i 8 i

<latexit sha1_base64="8kMBd0GOcVcraIG8E8AmYkLBt9A=">AAACGHicbVDLSgMxFM34rPU16tJNsAhurDNV0GVBEJcV7AM643AnTdvQZGZMMkIZCv6EG3/FjQtF3Hbn35g+BG09EDicc8O954QJZ0o7zpe1sLi0vLKaW8uvb2xubds7uzUVp5LQKol5LBshKMpZRKuaaU4biaQgQk7rYe9y5NcfqFQsjm51P6G+gE7E2oyANlJgn3iKdQQEDHsCEqVj/CPcZcfuwLtPoYW9diyBc+xhFtgFp+iMgeeJOyUFNEUlsIdeKyapoJEmHJRquk6i/QykZoTTQd5LFU2A9KBDm4ZGIKjys3GwAT40Sgub7eZFGo/V3z8yEEr1RWgmBeiumvVG4n9eM9XtCz9jUZJqGpHJonbKsck/agm3mKRE874hQCQzt2LSBQlEmy7zpgR3NvI8qZWK7mmxdHNWKF89TurIoX10gI6Qi85RGV2jCqoigp7QC3pD79az9Wp9WJ+T0QVrWuEe+gNr+A1fUaBf</latexit>



Automorphisms are geometric

Thm (Dyer–Grossman '81). All 
automorphisms of Bn are geometric. 

Proof idea:  

Aut(Bn) ! Aut(Bn/Z) ! Aut(Fn�1) ! Homeo(Dn)
<latexit sha1_base64="GS6+2l66/xiFlDQzZYnK7cR3Plg="></latexit>



Some Generalizations
Bell–Margalit '06: Injective  

Castel '08: Homomorphisms 

Bell–Margalit '07: Automorphisms of PBn 

Childers '17: Automorphisms of hyp. Torelli 

McLeay '19:  Automorphisms of deeper terms of 
Johnson filtration

Bn ! Bn+1
<latexit sha1_base64="uaJBauFJ6M50/dokFIyBz6Vc1jQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEQShJK+iyVBCXFewD2hAm00k7dDIJMxOhhoL/4caFIm79FHf+jdPHQlsPXDiccy/33hMknCntON9Wbm19Y3Mrv13Y2d3bL9oHhy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Prqd9+oFKxWNzrcUK9CA8ECxnB2ki+Xaz7AvV0jOp+Js7diW+XnLIzA1ol7oKUYIGGb3/1+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWzwyfo1Ch9FMbSlNBopv6eyHCk1DgKTGeE9VAte1PxP6+b6vDKy5hIUk0FmS8KU47Mo9MUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv88ippVcputVy5uyjVbp7mceThGE7gDFy4hBrcQgOaQCCFZ3iFN+vRerHerY95a85aRHgEf2B9/gB1t5K6</latexit>

Bn ! Bn+2
<latexit sha1_base64="yv7sTKOZdLD8utKCgV3Fm6QIKzY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEQShJK+iyVBCXFewD2hAm00k7dDIJMxOhhoL/4caFIm79FHf+jdPHQlsPXDiccy/33hMknCntON9Wbm19Y3Mrv13Y2d3bL9oHhy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Prqd9+oFKxWNzrcUK9CA8ECxnB2ki+Xaz7AvV0jOp+Js4rE98uOWVnBrRK3AUpwQIN3/7q9WOSRlRowrFSXddJtJdhqRnhdFLopYommIzwgHYNFTiiystmh0/QqVH6KIylKaHRTP09keFIqXEUmM4I66Fa9qbif1431eGVlzGRpJoKMl8UphyZR6cpoD6TlGg+NgQTycytiAyxxESbrAomBHf55VXSqpTdarlyd1Gq3TzN48jDMZzAGbhwCTW4hQY0gUAKz/AKb9aj9WK9Wx/z1py1iPAI/sD6/AF3PJK7</latexit>



Main Theorem 1: 
Expanding the range



Expanding the range
Having a classification of maps 

we would like to classify maps 

for                . 

When m=2n, there are interesting maps...  

Bn ! Bn+1
<latexit sha1_base64="uaJBauFJ6M50/dokFIyBz6Vc1jQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEQShJK+iyVBCXFewD2hAm00k7dDIJMxOhhoL/4caFIm79FHf+jdPHQlsPXDiccy/33hMknCntON9Wbm19Y3Mrv13Y2d3bL9oHhy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Prqd9+oFKxWNzrcUK9CA8ECxnB2ki+Xaz7AvV0jOp+Js7diW+XnLIzA1ol7oKUYIGGb3/1+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWzwyfo1Ch9FMbSlNBopv6eyHCk1DgKTGeE9VAte1PxP6+b6vDKy5hIUk0FmS8KU47Mo9MUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv88ippVcputVy5uyjVbp7mceThGE7gDFy4hBrcQgOaQCCFZ3iFN+vRerHerY95a85aRHgEf2B9/gB1t5K6</latexit>

Bn ! Bm
<latexit sha1_base64="0XUyual2U4gnJ0GlfoMDYrmzjSg=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8hgniMYB6QLMvsZDYZMjO7zswGwhLwL7x4UMSrH+PNv3HyOGhiQUNR1U13V5hwpo3rfju5tfWNza38dmFnd2//oHh41NRxqghtkJjHqh1iTTmTtGGY4bSdKIpFyGkrHN5M/daIKs1i+WDGCfUF7ksWMYKNlfxaIFHXxKgWZGISFEtu2Z0BrRJvQUqwQD0ofnV7MUkFlYZwrHXHcxPjZ1gZRjidFLqppgkmQ9ynHUslFlT72ezoCTqzSg9FsbIlDZqpvycyLLQei9B2CmwGetmbiv95ndRE137GZJIaKsl8UZRyZN+cJoB6TFFi+NgSTBSztyIywAoTY3Mq2BC85ZdXSbNS9i7KlfvLUvX2aR5HHk7gFM7Bgyuowh3UoQEEHuEZXuHNGTkvzrvzMW/NOYsIj+EPnM8fHk2SGA==</latexit>

m > n+ 1
<latexit sha1_base64="IAX1Ws4zs9Z+zI3NjUsnqisXTAc=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiAIQpiJgp4kIIjHCGaBZAg9nZ6kSS9Dd48QhoC/4MWDIl79Hm/+jZ3loIkPCh7vVVFVL0o4M9b3v73cyura+kZ+s7C1vbO7V9w/aBiVakLrRHGlWxE2lDNJ65ZZTluJplhEnDaj4c3Ebz5SbZiSD3aU0FDgvmQxI9g6qSnQNZJnQbdY8sv+FGiZBHNSgjlq3eJXp6dIKqi0hGNj2oGf2DDD2jLC6bjQSQ1NMBniPm07KrGgJsym547RiVN6KFbalbRoqv6eyLAwZiQi1ymwHZhFbyL+57VTG1+FGZNJaqkks0VxypFVaPI76jFNieUjRzDRzN2KyABrTKxLqOBCCBZfXiaNSjk4L1fuL0rV26dZHHk4gmM4hQAuoQp3UIM6EBjCM7zCm5d4L9679zFrzXnzCA/hD7zPH9Jfjv0=</latexit>



Some homomorphisms
Some homomorphisms 

• Diagonal inclusion 

• Flip diagonal inclusion 

• Many cablings  

Bn ! B2n :
<latexit sha1_base64="gBuvgjaqvbljCARjkhbu6faqAp8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpBcVVqSAuK9gHtCFMppN26GQSZiZCDQX/w40LRdz6Ke78G6ePhbYeuHA4517uvSdIOFPacb6t3Nr6xuZWfruws7u3X7QPDlsqTiWhTRLzWHYCrChngjY105x2EklxFHDaDkbXU7/9QKVisbjX44R6ER4IFjKCtZF8u1j3BerpGNX9rCImV75dcsrODGiVuAtSggUavv3V68ckjajQhGOluq6TaC/DUjPC6aTQSxVNMBnhAe0aKnBElZfNDp+gU6P0URhLU0Kjmfp7IsORUuMoMJ0R1kO17E3F/7xuqsNLL2MiSTUVZL4oTDkyj05TQH0mKdF8bAgmkplbERliiYk2WRVMCO7yy6ukVSm75+XKXbVUu3max5GHYziBM3DhAmpwCw1oAoEUnuEV3qxH68V6tz7mrTlrEeER/IH1+QOOFZLK</latexit>



Some homomorphisms
Some homomorphisms 

• Diagonal inclusion 

• Flip diagonal inclusion 

• Many cablings  

Bn ! B2n :
<latexit sha1_base64="gBuvgjaqvbljCARjkhbu6faqAp8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpBcVVqSAuK9gHtCFMppN26GQSZiZCDQX/w40LRdz6Ke78G6ePhbYeuHA4517uvSdIOFPacb6t3Nr6xuZWfruws7u3X7QPDlsqTiWhTRLzWHYCrChngjY105x2EklxFHDaDkbXU7/9QKVisbjX44R6ER4IFjKCtZF8u1j3BerpGNX9rCImV75dcsrODGiVuAtSggUavv3V68ckjajQhGOluq6TaC/DUjPC6aTQSxVNMBnhAe0aKnBElZfNDp+gU6P0URhLU0Kjmfp7IsORUuMoMJ0R1kO17E3F/7xuqsNLL2MiSTUVZL4oTDkyj05TQH0mKdF8bAgmkplbERliiYk2WRVMCO7yy6ukVSm75+XKXbVUu3max5GHYziBM3DhAmpwCw1oAoEUnuEV3qxH68V6tz7mrTlrEeER/IH1+QOOFZLK</latexit>



Some homomorphisms
Some homomorphisms 

• Diagonal inclusion 

• Flip diagonal inclusion 

• Many cablings  

Bn ! B2n :
<latexit sha1_base64="gBuvgjaqvbljCARjkhbu6faqAp8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpBcVVqSAuK9gHtCFMppN26GQSZiZCDQX/w40LRdz6Ke78G6ePhbYeuHA4517uvSdIOFPacb6t3Nr6xuZWfruws7u3X7QPDlsqTiWhTRLzWHYCrChngjY105x2EklxFHDaDkbXU7/9QKVisbjX44R6ER4IFjKCtZF8u1j3BerpGNX9rCImV75dcsrODGiVuAtSggUavv3V68ckjajQhGOluq6TaC/DUjPC6aTQSxVNMBnhAe0aKnBElZfNDp+gU6P0URhLU0Kjmfp7IsORUuMoMJ0R1kO17E3F/7xuqsNLL2MiSTUVZL4oTDkyj05TQH0mKdF8bAgmkplbERliiYk2WRVMCO7yy6ukVSm75+XKXbVUu3max5GHYziBM3DhAmpwCw1oAoEUnuEV3qxH68V6tz7mrTlrEeER/IH1+QOOFZLK</latexit>



Some homomorphisms
Some homomorphisms 

• Diagonal inclusion 

• Flip diagonal inclusion 

• Many cablings  

Bn ! B2n :
<latexit sha1_base64="gBuvgjaqvbljCARjkhbu6faqAp8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpBcVVqSAuK9gHtCFMppN26GQSZiZCDQX/w40LRdz6Ke78G6ePhbYeuHA4517uvSdIOFPacb6t3Nr6xuZWfruws7u3X7QPDlsqTiWhTRLzWHYCrChngjY105x2EklxFHDaDkbXU7/9QKVisbjX44R6ER4IFjKCtZF8u1j3BerpGNX9rCImV75dcsrODGiVuAtSggUavv3V68ckjajQhGOluq6TaC/DUjPC6aTQSxVNMBnhAe0aKnBElZfNDp+gU6P0URhLU0Kjmfp7IsORUuMoMJ0R1kO17E3F/7xuqsNLL2MiSTUVZL4oTDkyj05TQH0mKdF8bAgmkplbERliiYk2WRVMCO7yy6ukVSm75+XKXbVUu3max5GHYziBM3DhAmpwCw1oAoEUnuEV3qxH68V6tz7mrTlrEeER/IH1+QOOFZLK</latexit>

cf. Chen–Salter



Some homomorphisms
Some homomorphisms 

• Diagonal inclusion 

• Flip diagonal inclusion 

• Many cablings  

Bn ! B2n :
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cf. Chen–Salter



Some homomorphisms
Some homomorphisms 

• Diagonal inclusion 

• Flip diagonal inclusion 

• Many cablings  

Bn ! B2n :
<latexit sha1_base64="gBuvgjaqvbljCARjkhbu6faqAp8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpBcVVqSAuK9gHtCFMppN26GQSZiZCDQX/w40LRdz6Ke78G6ePhbYeuHA4517uvSdIOFPacb6t3Nr6xuZWfruws7u3X7QPDlsqTiWhTRLzWHYCrChngjY105x2EklxFHDaDkbXU7/9QKVisbjX44R6ER4IFjKCtZF8u1j3BerpGNX9rCImV75dcsrODGiVuAtSggUavv3V68ckjajQhGOluq6TaC/DUjPC6aTQSxVNMBnhAe0aKnBElZfNDp+gU6P0URhLU0Kjmfp7IsORUuMoMJ0R1kO17E3F/7xuqsNLL2MiSTUVZL4oTDkyj05TQH0mKdF8bAgmkplbERliiYk2WRVMCO7yy6ukVSm75+XKXbVUu3max5GHYziBM3DhAmpwCw1oAoEUnuEV3qxH68V6tz7mrTlrEeER/IH1+QOOFZLK</latexit>

cf. Chen–Salter



...and more homomorphisms

Given                     we can: 

• Post-compose by 

• Transvect by                 : 

These operations generate an equivalence relation.  

⇢ : Bn ! B2n
<latexit sha1_base64="ujPjNn4IIQcnE3zMyNn4ATPu16U=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkpSBcVVURCXFewDmhAm00k7dDIJMxOhhEJ/xY0LRdz6He78G6ePhbYeuNzDOXeYe0+Ycqa043xbhZXVtfWN4mZpa3tnd8/eP2iqJJOENkjCE9kOsaKcCdrQTHPaTiXFcchpKxzcTvzWE5WKJeJRD1Pqx7gnWMQI1kYK7CNP9hN0jW4CgTydmJ5XxSiwy07FmQItE3dOyjBHPbC/vG5CspgKTThWquM6qfZzLDUjnI5KXqZoiskA92jHUIFjqvx8uv4InRqli6JEmhIaTdXfL3IcKzWMQzMZY91Xi95E/M/rZDq68nMm0kxTQWYfRRlH5s5JFqjLJCWaDw3BRDKzKyJ9LDHRJrGSCcFdPHmZNKsV97xSfbgo1+7GsziKcAwncAYuXEIN7qEODSCQwzO8wps1tl6sd+tjNlqw5hEewh9Ynz9s8ZTr</latexit>

⌧ 2 Aut(B2n)
<latexit sha1_base64="eji9CDF7JQkG2WS1L+U2rwy03VQ=">AAACBnicbZBLSwMxFIUz9VXrq+pShGAR6qbMVEGXVUFcVrAP6AxDJk3b0ExmSO6IZSgIbvwrblwo4tbf4M5/Y/pYaOuBwMc5NyT3BLHgGmz728osLC4tr2RXc2vrG5tb+e2duo4SRVmNRiJSzYBoJrhkNeAgWDNWjISBYI2gfznKG3dMaR7JWxjEzAtJV/IOpwSM5ef3XSAJdrnELrB7UGF6nsCweOGnZTk88vMFu2SPhefBmUIBTVX1819uO6JJyCRQQbRuOXYMXkoUcCrYMOcmmsWE9kmXtQxKEjLtpeM1hvjQOG3ciZQ5EvDY/X0jJaHWgzAwkyGBnp7NRuZ/WSuBzpmXchknwCSdPNRJBIYIjzrBba4YBTEwQKji5q+Y9ogiFExzOVOCM7vyPNTLJee4VL45KVSuHiZ1ZNEeOkBF5KBTVEHXqIpqiKJH9Ixe0Zv1ZL1Y79bHZDRjTSvcRX9kff4AypGZGg==</latexit>

⇢z(�i) = ⇢(�i)z
<latexit sha1_base64="EeRErEUSTjv1dHvBhZwf0bbuqto=">AAACDXicbZDNS8MwGMbT+TXnV9Wjl+AU5mW0U9CLMBDE4wT3AWstaZZuYWlTklTYysCzF/8VLx4U8erdm/+N6bbD3Hwg8PB73pC8jx8zKpVl/Ri5peWV1bX8emFjc2t7x9zda0ieCEzqmDMuWj6ShNGI1BVVjLRiQVDoM9L0+1dZ3nwgQlIe3alBTNwQdSMaUIyURp555Igevx+WHEm7IfLoCbyEGZoBcOiZRatsjQUXjT01RTBVzTO/nQ7HSUgihRmSsm1bsXJTJBTFjIwKTiJJjHAfdUlb2wiFRLrpeJsRPNakAwMu9IkUHNPZGykKpRyEvp4MkerJ+SyD/2XtRAUXbkqjOFEkwpOHgoRBxWFWDexQQbBiA20QFlT/FeIeEggrXWBBl2DPr7xoGpWyfVqu3J4Vq9ePkzry4AAcghKwwTmoghtQA3WAwRN4AW/g3Xg2Xo0P43MymjOmFe6DPzK+fgGP45sA</latexit>

z 2 Z(B2n)
<latexit sha1_base64="om2S5RaR/Z8RKX/TnFrRjG0Q/uk=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFqJsyUwVdFgVxWcE+sB2GTJppQzOZIckI7VDwf7hxoYhbf4o7/43pY6GtBwIf59yQmxMknCntON/Wyura+sZmbiu/vbO7V7D3DxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXk7z5SKVisbjXw4R6Ee4JFjKCtbF8uzBCHSbQQ+nKzypifOrbRafsTIWWwZ1DEeaq+fZXpxuTNKJCE46VartOor0MS80Ip+N8J1U0wWSAe7RtUOCIKi+bLj5GJ8bpojCW5giNpu7vGxmOlBpGgZmMsO6rxWxi/pe1Ux1eehkTSaqpILOHwpQjHaNJC6jLJCWaDw1gIpnZFZE+lpho01XelOAufnkZGpWye1au3J0XqzdPszpycATHUAIXLqAKt1CDOhBI4Rle4c0aWS/Wu/UxG12x5hUewh9Znz9EzZKa</latexit>

Charney–Crisp



...and more homomorphisms

Given                     we can: 

• Post-compose by 

• Transvect by                      : 

These operations generate an equivalence relation.  

⇢ : Bn ! B2n
<latexit sha1_base64="ujPjNn4IIQcnE3zMyNn4ATPu16U=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkpSBcVVURCXFewDmhAm00k7dDIJMxOhhEJ/xY0LRdz6He78G6ePhbYeuNzDOXeYe0+Ycqa043xbhZXVtfWN4mZpa3tnd8/eP2iqJJOENkjCE9kOsaKcCdrQTHPaTiXFcchpKxzcTvzWE5WKJeJRD1Pqx7gnWMQI1kYK7CNP9hN0jW4CgTydmJ5XxSiwy07FmQItE3dOyjBHPbC/vG5CspgKTThWquM6qfZzLDUjnI5KXqZoiskA92jHUIFjqvx8uv4InRqli6JEmhIaTdXfL3IcKzWMQzMZY91Xi95E/M/rZDq68nMm0kxTQWYfRRlH5s5JFqjLJCWaDw3BRDKzKyJ9LDHRJrGSCcFdPHmZNKsV97xSfbgo1+7GsziKcAwncAYuXEIN7qEODSCQwzO8wps1tl6sd+tjNlqw5hEewh9Ynz9s8ZTr</latexit>

⌧ 2 Aut(B2n)
<latexit sha1_base64="eji9CDF7JQkG2WS1L+U2rwy03VQ=">AAACBnicbZBLSwMxFIUz9VXrq+pShGAR6qbMVEGXVUFcVrAP6AxDJk3b0ExmSO6IZSgIbvwrblwo4tbf4M5/Y/pYaOuBwMc5NyT3BLHgGmz728osLC4tr2RXc2vrG5tb+e2duo4SRVmNRiJSzYBoJrhkNeAgWDNWjISBYI2gfznKG3dMaR7JWxjEzAtJV/IOpwSM5ef3XSAJdrnELrB7UGF6nsCweOGnZTk88vMFu2SPhefBmUIBTVX1819uO6JJyCRQQbRuOXYMXkoUcCrYMOcmmsWE9kmXtQxKEjLtpeM1hvjQOG3ciZQ5EvDY/X0jJaHWgzAwkyGBnp7NRuZ/WSuBzpmXchknwCSdPNRJBIYIjzrBba4YBTEwQKji5q+Y9ogiFExzOVOCM7vyPNTLJee4VL45KVSuHiZ1ZNEeOkBF5KBTVEHXqIpqiKJH9Ixe0Zv1ZL1Y79bHZDRjTSvcRX9kff4AypGZGg==</latexit>

⇢z(�i) = ⇢(�i)z
<latexit sha1_base64="EeRErEUSTjv1dHvBhZwf0bbuqto=">AAACDXicbZDNS8MwGMbT+TXnV9Wjl+AU5mW0U9CLMBDE4wT3AWstaZZuYWlTklTYysCzF/8VLx4U8erdm/+N6bbD3Hwg8PB73pC8jx8zKpVl/Ri5peWV1bX8emFjc2t7x9zda0ieCEzqmDMuWj6ShNGI1BVVjLRiQVDoM9L0+1dZ3nwgQlIe3alBTNwQdSMaUIyURp555Igevx+WHEm7IfLoCbyEGZoBcOiZRatsjQUXjT01RTBVzTO/nQ7HSUgihRmSsm1bsXJTJBTFjIwKTiJJjHAfdUlb2wiFRLrpeJsRPNakAwMu9IkUHNPZGykKpRyEvp4MkerJ+SyD/2XtRAUXbkqjOFEkwpOHgoRBxWFWDexQQbBiA20QFlT/FeIeEggrXWBBl2DPr7xoGpWyfVqu3J4Vq9ePkzry4AAcghKwwTmoghtQA3WAwRN4AW/g3Xg2Xo0P43MymjOmFe6DPzK+fgGP45sA</latexit>

z 2 CB2n(im ⇢)
<latexit sha1_base64="Ehvg2wWuDH860ywROTifNyWyT38=">AAACDHicbVDLSgMxFM34tr6qLt0Ei1A3ZaYKuiwK4rKCrUJnGDJppg0mmSG5I9ZhwK0bf8WNC0Xc+gHu/BvTx8LXgQuHc84luSdKBTfgup/O1PTM7Nz8wmJpaXllda28vtE2SaYpa9FEJPoyIoYJrlgLOAh2mWpGZCTYRXR1PPQvrpk2PFHnMEhZIElP8ZhTAlYKy5Vb7HOFj8P8KMzrqiiqPrAb0DLnsvCxr/vJrk25NXcE/Jd4E1JBEzTD8offTWgmmQIqiDEdz00hyIkGTgUrSn5mWEroFemxjqWKSGaCfHRMgXes0sVxou0owCP1+0ZOpDEDGdmkJNA3v72h+J/XySA+DHKu0gyYouOH4kxgSPCwGdzlmlEQA0sI1dz+FdM+0YSC7a9kS/B+n/yXtOs1b69WP9uvNE7uxnUsoC20jarIQweogU5RE7UQRffoET2jF+fBeXJenbdxdMqZVLiJfsB5/wJLh5uR</latexit>

Charney–Crisp



Standard homomorphisms

• Trivial 

• Inclusion 

• Diagonal inclusion 

• Flip diagonal inclusion 

• k-twist cabling 

�i 7! 1
<latexit sha1_base64="DZLtMYqiXacOz3nsTL5XdiZyURA=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7AbBT0GBPEYwTwgWZbeyWwyZGZ2mZkVwxLwS7x4UMSrP+LNv3HyOGhiQUNR1U13V5Rypo3nfTuFtfWNza3idmlnd2//wD0st3SSKUKbJOGJ6kSgKWeSNg0znHZSRUFEnLaj0fXUbz9QpVki7804pYGAgWQxI2CsFLrlnmYDASHDPQGpNgn2Q7fiVb0Z8CrxF6SCFmiE7levn5BMUGkIB627vpeaIAdlGOF0UuplmqZARjCgXUslCKqDfHb7BJ9apY/jRNmSBs/U3xM5CK3HIrKdAsxQL3tT8T+vm5n4KsiZTDNDJZkvijOO7YvTIHCfKUoMH1sCRDF7KyZDUECMjatkQ/CXX14lrVrVP6/W7i4q9ZuneRxFdIxO0Bny0SWqo1vUQE1E0CN6Rq/ozZk4L8678zFvLTiLCI/QHzifP3wslH0=</latexit>

�i 7! �i
<latexit sha1_base64="tWYM+5jOkpLOF8EoK/GDHiyK+6k=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpgi4LgrisYB/QhHAznbRDZ5IwMxFKKLrwV9y4UMStX+HOv3H6ELT1wIXDOfcyc06Ycqa043xZhaXlldW14nppY3Nre8fe3WuqJJOENkjCE9kOQVHOYtrQTHPaTiUFEXLaCgeXY791R6ViSXyrhyn1BfRiFjEC2kiBfeAp1hMQMOwJSJVO8I8Q2GWn4kyAF4k7I2U0Qz2wP71uQjJBY004KNVxnVT7OUjNCKejkpcpmgIZQI92DI1BUOXnkwgjfGyULo4SaSbWeKL+vshBKDUUodkUoPtq3huL/3mdTEcXfs7iNNM0JtOHooxjk3TcB+4ySYnmQ0OASGb+ikkfJBBtWiuZEtz5yIukWa24p5XqzVm5dvUwraOIDtEROkEuOkc1dI3qqIEIukdP6AW9Wo/Ws/VmvU9XC9aswn30B9bHN0rNl8c=</latexit>

�i 7! �i�n+i
<latexit sha1_base64="0hJERqdUmCsLvXpoV+NzC6hPydA=">AAACDnicbVBLSwMxGMz6rPW16tFLsBQEoexWQY8FQTxWsA9ol/JtmrahSXZJskJZCt69+Fe8eFDEq2dv/hvTdgVtHQgZZr6PZCaMOdPG876cpeWV1bX13EZ+c2t7Z9fd26/rKFGE1kjEI9UMQVPOJK0ZZjhtxoqCCDlthMPLid+4o0qzSN6aUUwDAX3JeoyAsVLHLbY16wvoMNwWEGsT4R8hu1N5wsYdt+CVvCnwIvEzUkAZqh33s92NSCKoNISD1i3fi02QgjKMcDrOtxNNYyBD6NOWpRIE1UE6jTPGRat0cS9S9kiDp+rvjRSE1iMR2kkBZqDnvYn4n9dKTO8iSJmME0MlmT3USzi2qSfd4C5TlBg+sgSIYvavmAxAATG2wbwtwZ+PvEjq5ZJ/WirfnBUqV/ezOnLoEB2hY+Sjc1RB16iKaoigB/SEXtCr8+g8O2/O+2x0yckqPEB/4Hx8A9P4nQU=</latexit>

�i 7! �i�
�1
n+i

<latexit sha1_base64="ZobvEXiGf8RDiH9wupaulNNJa74=">AAACE3icbVBLSwMxGMz6rPW16tFLsAiiWHaroMeCIB4r2Ad01yWbZtvQJLskWaEsBX+CF/+KFw+KePXizX9j2q6grQMhw8z3kcyECaNKO86XNTe/sLi0XFgprq6tb2zaW9sNFacSkzqOWSxbIVKEUUHqmmpGWokkiIeMNMP+xchv3hGpaCxu9CAhPkddQSOKkTZSYB96inY5Cij0OEqUjuGPkN+ZOKLD2+zYHQZ2ySk7Y8BZ4uakBHLUAvvT68Q45URozJBSbddJtJ8hqSlmZFj0UkUShPuoS9qGCsSJ8rNxpiHcN0oHRrE0R2g4Vn9vZIgrNeChmeRI99S0NxL/89qpjs79jIok1UTgyUNRyqCJPioIdqgkWLOBIQhLav4KcQ9JhLWpsWhKcKcjz5JGpeyelCvXp6Xq5f2kjgLYBXvgALjgDFTBFaiBOsDgATyBF/BqPVrP1pv1Phmds/IKd8AfWB/fbuOe6w==</latexit>

�i 7! �2i�2i�1�2i+1�2i�
k
2i�1

<latexit sha1_base64="XN/ygkGKnV5GrfPKr/9mLifnE2c=">AAACOXicbVBLSwMxGMzWV62vVY9egkUQxLJbBT0WBPFYwT6gXZdsmm1Dk+ySZIWyFPxVXvwX3gQvHhTx6h8wbRfsw4HAfDMTkm+CmFGlHefVyi0tr6yu5dcLG5tb2zv27l5dRYnEpIYjFslmgBRhVJCappqRZiwJ4gEjjaB/NfIbD0QqGok7PYiJx1FX0JBipI3k29W2ol2OfArbHMVKRzAT0jId/tFTd2o4mR5mQ/d93y46JWcMuEjcjBRBhqpvv7Q7EU44ERozpFTLdWLtpUhqihkZFtqJIjHCfdQlLUMF4kR56XjzITwySgeGkTRHaDhWp2+kiCs14IFJcqR7at4bif95rUSHl15KRZxoIvDkoTBh0BQ0qhF2qCRYs4EhCEtq/gpxD0mEtSm7YEpw51deJPVyyT0rlW/Pi5Xrx0kdeXAADsExcMEFqIAbUAU1gMETeAMf4NN6tt6tL+t7Es1ZWYX7YAbWzy+w3a50</latexit>



Standard homomorphisms

• Trivial 

• Inclusion 

• Diagonal inclusion 

• Flip diagonal inclusion 

• k-twist cabling 

�i 7! 1
<latexit sha1_base64="DZLtMYqiXacOz3nsTL5XdiZyURA=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7AbBT0GBPEYwTwgWZbeyWwyZGZ2mZkVwxLwS7x4UMSrP+LNv3HyOGhiQUNR1U13V5Rypo3nfTuFtfWNza3idmlnd2//wD0st3SSKUKbJOGJ6kSgKWeSNg0znHZSRUFEnLaj0fXUbz9QpVki7804pYGAgWQxI2CsFLrlnmYDASHDPQGpNgn2Q7fiVb0Z8CrxF6SCFmiE7levn5BMUGkIB627vpeaIAdlGOF0UuplmqZARjCgXUslCKqDfHb7BJ9apY/jRNmSBs/U3xM5CK3HIrKdAsxQL3tT8T+vm5n4KsiZTDNDJZkvijOO7YvTIHCfKUoMH1sCRDF7KyZDUECMjatkQ/CXX14lrVrVP6/W7i4q9ZuneRxFdIxO0Bny0SWqo1vUQE1E0CN6Rq/ozZk4L8678zFvLTiLCI/QHzifP3wslH0=</latexit>

�i 7! �i
<latexit sha1_base64="tWYM+5jOkpLOF8EoK/GDHiyK+6k=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpgi4LgrisYB/QhHAznbRDZ5IwMxFKKLrwV9y4UMStX+HOv3H6ELT1wIXDOfcyc06Ycqa043xZhaXlldW14nppY3Nre8fe3WuqJJOENkjCE9kOQVHOYtrQTHPaTiUFEXLaCgeXY791R6ViSXyrhyn1BfRiFjEC2kiBfeAp1hMQMOwJSJVO8I8Q2GWn4kyAF4k7I2U0Qz2wP71uQjJBY004KNVxnVT7OUjNCKejkpcpmgIZQI92DI1BUOXnkwgjfGyULo4SaSbWeKL+vshBKDUUodkUoPtq3huL/3mdTEcXfs7iNNM0JtOHooxjk3TcB+4ySYnmQ0OASGb+ikkfJBBtWiuZEtz5yIukWa24p5XqzVm5dvUwraOIDtEROkEuOkc1dI3qqIEIukdP6AW9Wo/Ws/VmvU9XC9aswn30B9bHN0rNl8c=</latexit>

�i 7! �i�n+i
<latexit sha1_base64="0hJERqdUmCsLvXpoV+NzC6hPydA=">AAACDnicbVBLSwMxGMz6rPW16tFLsBQEoexWQY8FQTxWsA9ol/JtmrahSXZJskJZCt69+Fe8eFDEq2dv/hvTdgVtHQgZZr6PZCaMOdPG876cpeWV1bX13EZ+c2t7Z9fd26/rKFGE1kjEI9UMQVPOJK0ZZjhtxoqCCDlthMPLid+4o0qzSN6aUUwDAX3JeoyAsVLHLbY16wvoMNwWEGsT4R8hu1N5wsYdt+CVvCnwIvEzUkAZqh33s92NSCKoNISD1i3fi02QgjKMcDrOtxNNYyBD6NOWpRIE1UE6jTPGRat0cS9S9kiDp+rvjRSE1iMR2kkBZqDnvYn4n9dKTO8iSJmME0MlmT3USzi2qSfd4C5TlBg+sgSIYvavmAxAATG2wbwtwZ+PvEjq5ZJ/WirfnBUqV/ezOnLoEB2hY+Sjc1RB16iKaoigB/SEXtCr8+g8O2/O+2x0yckqPEB/4Hx8A9P4nQU=</latexit>

�i 7! �i�
�1
n+i

<latexit sha1_base64="ZobvEXiGf8RDiH9wupaulNNJa74=">AAACE3icbVBLSwMxGMz6rPW16tFLsAiiWHaroMeCIB4r2Ad01yWbZtvQJLskWaEsBX+CF/+KFw+KePXizX9j2q6grQMhw8z3kcyECaNKO86XNTe/sLi0XFgprq6tb2zaW9sNFacSkzqOWSxbIVKEUUHqmmpGWokkiIeMNMP+xchv3hGpaCxu9CAhPkddQSOKkTZSYB96inY5Cij0OEqUjuGPkN+ZOKLD2+zYHQZ2ySk7Y8BZ4uakBHLUAvvT68Q45URozJBSbddJtJ8hqSlmZFj0UkUShPuoS9qGCsSJ8rNxpiHcN0oHRrE0R2g4Vn9vZIgrNeChmeRI99S0NxL/89qpjs79jIok1UTgyUNRyqCJPioIdqgkWLOBIQhLav4KcQ9JhLWpsWhKcKcjz5JGpeyelCvXp6Xq5f2kjgLYBXvgALjgDFTBFaiBOsDgATyBF/BqPVrP1pv1Phmds/IKd8AfWB/fbuOe6w==</latexit>

�i 7! �2i�2i�1�2i+1�2i�
k
2i�1

<latexit sha1_base64="XN/ygkGKnV5GrfPKr/9mLifnE2c=">AAACOXicbVBLSwMxGMzWV62vVY9egkUQxLJbBT0WBPFYwT6gXZdsmm1Dk+ySZIWyFPxVXvwX3gQvHhTx6h8wbRfsw4HAfDMTkm+CmFGlHefVyi0tr6yu5dcLG5tb2zv27l5dRYnEpIYjFslmgBRhVJCappqRZiwJ4gEjjaB/NfIbD0QqGok7PYiJx1FX0JBipI3k29W2ol2OfArbHMVKRzAT0jId/tFTd2o4mR5mQ/d93y46JWcMuEjcjBRBhqpvv7Q7EU44ERozpFTLdWLtpUhqihkZFtqJIjHCfdQlLUMF4kR56XjzITwySgeGkTRHaDhWp2+kiCs14IFJcqR7at4bif95rUSHl15KRZxoIvDkoTBh0BQ0qhF2qCRYs4EhCEtq/gpxD0mEtSm7YEpw51deJPVyyT0rlW/Pi5Xrx0kdeXAADsExcMEFqIAbUAU1gMETeAMf4NN6tt6tL+t7Es1ZWYX7YAbWzy+w3a50</latexit>



Main Theorem 1

Theorem (Chen–Kordek–M).  Let           
Any                   is equivalent* to exactly 
one of the standard homomorphisms.  

*Transvections + post-composition by autos  

⇢ : Bn ! B2n
<latexit sha1_base64="ujPjNn4IIQcnE3zMyNn4ATPu16U=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkpSBcVVURCXFewDmhAm00k7dDIJMxOhhEJ/xY0LRdz6He78G6ePhbYeuNzDOXeYe0+Ycqa043xbhZXVtfWN4mZpa3tnd8/eP2iqJJOENkjCE9kOsaKcCdrQTHPaTiXFcchpKxzcTvzWE5WKJeJRD1Pqx7gnWMQI1kYK7CNP9hN0jW4CgTydmJ5XxSiwy07FmQItE3dOyjBHPbC/vG5CspgKTThWquM6qfZzLDUjnI5KXqZoiskA92jHUIFjqvx8uv4InRqli6JEmhIaTdXfL3IcKzWMQzMZY91Xi95E/M/rZDq68nMm0kxTQWYfRRlH5s5JFqjLJCWaDw3BRDKzKyJ9LDHRJrGSCcFdPHmZNKsV97xSfbgo1+7GsziKcAwncAYuXEIN7qEODSCQwzO8wps1tl6sd+tjNlqw5hEewh9Ynz9s8ZTr</latexit>

n � 5.
<latexit sha1_base64="9JV9PKMINe6Ew4QJR6LGLcO/lJs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8LbtR0WNAEI8RzEOSJcxOepMhs7PrzKwQQsB/8OJBEa9+jjf/xsnjoIkFDUVVN91dYSq4Np737Swtr6yurec28ptb2zu7hb39mk4yxbDKEpGoRkg1Ci6xargR2EgV0jgUWA/7V2O//ohK80TemUGKQUy7kkecUWOle0laXXwg5267UPRcbwKySPwZKcIMlXbhq9VJWBajNExQrZu+l5pgSJXhTOAo38o0ppT1aReblkoaow6Gk4NH5NgqHRIlypY0ZKL+nhjSWOtBHNrOmJqenvfG4n9eMzPRZTDkMs0MSjZdFGWCmISMvycdrpAZMbCEMsXtrYT1qKLM2IzyNgR//uVFUiu5/qlbuj0rlq+fpnHk4BCO4AR8uIAy3EAFqsAghmd4hTdHOS/Ou/MxbV1yZhEewB84nz+V/ZAG</latexit>



Main Theorem 1

Theorem (Chen–Kordek–M).  Let           
Any                   is equivalent* to exactly 
one of the standard homomorphisms.  

*Transvections + post-composition by autos  

Consequence: classification of 

⇢ : Bn ! B2n
<latexit sha1_base64="ujPjNn4IIQcnE3zMyNn4ATPu16U=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkpSBcVVURCXFewDmhAm00k7dDIJMxOhhEJ/xY0LRdz6He78G6ePhbYeuNzDOXeYe0+Ycqa043xbhZXVtfWN4mZpa3tnd8/eP2iqJJOENkjCE9kOsaKcCdrQTHPaTiXFcchpKxzcTvzWE5WKJeJRD1Pqx7gnWMQI1kYK7CNP9hN0jW4CgTydmJ5XxSiwy07FmQItE3dOyjBHPbC/vG5CspgKTThWquM6qfZzLDUjnI5KXqZoiskA92jHUIFjqvx8uv4InRqli6JEmhIaTdXfL3IcKzWMQzMZY91Xi95E/M/rZDq68nMm0kxTQWYfRRlH5s5JFqjLJCWaDw3BRDKzKyJ9LDHRJrGSCcFdPHmZNKsV97xSfbgo1+7GsziKcAwncAYuXEIN7qEODSCQwzO8wps1tl6sd+tjNlqw5hEewh9Ynz9s8ZTr</latexit>

n � 5.
<latexit sha1_base64="9JV9PKMINe6Ew4QJR6LGLcO/lJs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8LbtR0WNAEI8RzEOSJcxOepMhs7PrzKwQQsB/8OJBEa9+jjf/xsnjoIkFDUVVN91dYSq4Np737Swtr6yurec28ptb2zu7hb39mk4yxbDKEpGoRkg1Ci6xargR2EgV0jgUWA/7V2O//ohK80TemUGKQUy7kkecUWOle0laXXwg5267UPRcbwKySPwZKcIMlXbhq9VJWBajNExQrZu+l5pgSJXhTOAo38o0ppT1aReblkoaow6Gk4NH5NgqHRIlypY0ZKL+nhjSWOtBHNrOmJqenvfG4n9eMzPRZTDkMs0MSjZdFGWCmISMvycdrpAZMbCEMsXtrYT1qKLM2IzyNgR//uVFUiu5/qlbuj0rlq+fpnHk4BCO4AR8uIAy3EAFqsAghmd4hTdHOS/Ou/MxbV1yZhEewB84nz+V/ZAG</latexit>

Bn ! Bm, m  2n
<latexit sha1_base64="l6EJ8p38myfcODVEuFaOwowe0cw=">AAACAXicdVDNSgMxGMz6b/2rehG8BIvgQZbs2qq9FQXxqGBtobss2TSroUl2TbJCKRXBV/HiQRGvvoU338a0VVDRgQ+Gme8jmYkzzrRB6N0ZG5+YnJqemS3MzS8sLhWXV851mitC6yTlqWrGWFPOJK0bZjhtZopiEXPaiDuHA79xTZVmqTwz3YyGAl9IljCCjZWi4tpBJGFgUngQiW0YQAEDTq+gb60ScpG/Xyn7ELl+BVW9qiUV5FV3y9Bz0RAl8ImTqPgWtFOSCyoN4VjrlocyE/awMoxw2i8EuaYZJh18QVuWSiyoDnvDBH24aZU2TFJlRxo4VL9f9LDQuitiuymwudS/vYH4l9fKTbIf9pjMckMlGT2U5BzaxIM6YJspSgzvWoKJYvavkFxihYmxpRVsCV9J4f/k3He9Hdc/LZdqR7ejOmbAOtgAW8ADe6AGjsEJqAMCbsA9eARPzp3z4Dw7L6PVMeezwlXwA87rB/VIlbo=</latexit>



Proof of Main Theorem 1: 
Special maps



Periodic braids

               generates Z(Bn)

↵5
<latexit sha1_base64="Sj7WY7NLli9ubYWGnu0V152ZtOg=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGRY8BQTxGMA9IltA7mU2GzM6uM7NCWAJ+gxcPinj1d7z5N04eB00saCiquunuChLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpOFWV1GotYtQLUTHDJ6oYbwVqJYhgFgjWD4fXEbz4ypXks780oYX6EfclDTtFYqdVBkQywe9EtltyyOwVZJt6clGCOWrf41enFNI2YNFSg1m3PTYyfoTKcCjYudFLNEqRD7LO2pRIjpv1seu+YnFilR8JY2ZKGTNXfExlGWo+iwHZGaAZ60ZuI/3nt1IRXfsZlkhom6WxRmApiYjJ5nvS4YtSIkSVIFbe3EjpAhdTYiAo2BG/x5WXSqJS9s3Ll7rxUvXmaxZGHIziGU/DgEqpwCzWoAwUBz/AKb86D8+K8Ox+z1pwzj/AQ/sD5/AHjY5BI</latexit>

�5
<latexit sha1_base64="T1OmK9BtO4wPhICCwHhYN/IV1nQ=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYSYqegwI4jGCWSAZQk+nJmnSs9BdI4QQ8Be8eFDEq9/jzb+xsxw08UHB470qquoFqZKGXPfbWVldW9/YzG3lt3d29/YLB4d1k2RaYE0kKtHNgBtUMsYaSVLYTDXyKFDYCAY3E7/xiNrIJH6gYYp+xHuxDKXgZKVGO0DinctOoeiW3CnYMvHmpAhzVDuFr3Y3EVmEMQnFjWl5bkr+iGuSQuE4384MplwMeA9blsY8QuOPpueO2alVuixMtK2Y2FT9PTHikTHDKLCdEae+WfQm4n9eK6Pw2h/JOM0IYzFbFGaKUcImv7Ou1ChIDS3hQkt7KxN9rrkgm1DehuAtvrxM6uWSd14q318UK7dPszhycAwncAYeXEEF7qAKNRAwgGd4hTcndV6cd+dj1rrizCM8gj9wPn8AGu+P1A==</latexit>

↵n
n = �n�1

n
<latexit sha1_base64="ZT4wjQ4e15ejv9ihwNz6lftBiuQ=">AAACA3icbZBLSwMxFIUz9VXra9SdboJFcGOZqYJuhIIgLivYB3TGcifNtKGZzJBkhDIUuvGvuHGhiFv/hDv/jeljoa0HAh/n3JDcEyScKe0431ZuaXlldS2/XtjY3NresXf36ipOJaE1EvNYNgNQlDNBa5ppTpuJpBAFnDaC/vU4bzxSqVgs7vUgoX4EXcFCRkAbq20feMCTHrTFg8BX2AuoHnMmTt1h2y46JWcivAjuDIpopmrb/vI6MUkjKjThoFTLdRLtZyA1I5wOC16qaAKkD13aMiggosrPJjsM8bFxOjiMpTlC44n7+0YGkVKDKDCTEeiems/G5n9ZK9XhpZ8xkaSaCjJ9KEw51jEeF4I7TFKi+cAAEMnMXzHpgQSiTW0FU4I7v/Ii1Msl96xUvjsvVm5G0zry6BAdoRPkogtUQbeoimqIoBF6Rq/ozXqyXqx362M6mrNmFe6jP7I+fwAaM5eW</latexit>



Special maps
Thm (Lin). A holomorphic                       
induces a map                that is special: 
periodics map to periodics. 

Thm (Lin). If                             any 
special                is cyclic.    

We give a new proof.

Polyn ! Polym
<latexit sha1_base64="GzDje7b/2YzYSiPBd6p3x3Og9Ww=">AAACDHicbVBLSwMxGMzWV62vqkcvwSJ4KrtV0GNBEI8V7AO6pWTTbBuaZJfkW3FZCl69+Fe8eFDEqz/Am//G9HGwrQOBYWZCMhPEghtw3R8nt7K6tr6R3yxsbe/s7hX3DxomSjRldRqJSLcCYpjgitWBg2CtWDMiA8GawfBq7DfvmTY8UneQxqwjSV/xkFMCVuoWSz6wB9Ayq0UiHXUV9iHC85q0KbfsToCXiTcjJTRDrVv89nsRTSRTQAUxpu25MXQyooFTwUYFPzEsJnRI+qxtqSKSmU42KTPCJ1bp4TDS9ijAE/XvjYxIY1IZ2KQkMDCL3lj8z2snEF52Mq7iBJii04fCRGBbeLwM7nHNKIjUEkI1t3/FdEA0oWD3K9gRvMXKy6RRKXtn5crteal6/TidI4+O0DE6RR66QFV0g2qojih6Qi/oDb07z86r8+F8TqM5ZzbhIZqD8/ULY1ac4Q==</latexit>

Bn ! Bm
<latexit sha1_base64="PBbRK14MfOOiqzaU99GHvKGqApk=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNV0GWpIC4r2AdMhyGTZtrQTDIkd4QyFPwJNy4UcevXuPNvTB8LbT0QOJxzw73nRKngBlz32ymsrW9sbhW3Szu7e/sH5cOjtlGZpqxFlVC6GxHDBJesBRwE66aakSQSrBONbqZ+55Fpw5V8gHHKgoQMJI85JWAlvxFK3AOFG2ESlitu1Z0BrxJvQSpogWZY/ur1Fc0SJoEKYozvuSkEOdHAqWCTUi8zLCV0RAbMt1SShJkgn508wWdW6eNYafsk4Jn6+0dOEmPGSWQnEwJDs+xNxf88P4P4Osi5TDNgks4XxZnANuQ0P+5zzSiIsSWEam5vxXRINKFgWyrZErzlyKukXat6F9Xa/WWlfvs0r6OITtApOkceukJ1dIeaqIUoUugZvaI3B5wX5935mI8WnEWFx+gPnM8fVJyRDA==</latexit>

n(n� 1) - m(m� 1)
<latexit sha1_base64="6flY6bTyPMLufj+vnoyWLbSfYrQ=">AAAB/HicbVDLSgMxFL3js9bXaJdugkWoC8tMFXRZEMRlBfuAdiiZTNqGJpkhyQhDqfgnblwo4tYPceffmD4W2nrgwsk595J7T5hwpo3nfTsrq2vrG5u5rfz2zu7evntw2NBxqgitk5jHqhViTTmTtG6Y4bSVKIpFyGkzHF5P/OYDVZrF8t5kCQ0E7kvWYwQbK3XdgizJM/8UdaRgERIlYR9dt+iVvSnQMvHnpAhz1LruVyeKSSqoNIRjrdu+l5hghJVhhNNxvpNqmmAyxH3atlRiQXUwmi4/RidWiVAvVrakQVP198QIC60zEdpOgc1AL3oT8T+vnZreVTBiMkkNlWT2US/lyMRokgSKmKLE8MwSTBSzuyIywAoTY/PK2xD8xZOXSaNS9s/LlbuLYvXmaRZHDo7gGErgwyVU4RZqUAcCGTzDK7w5j86L8+58zFpXnHmEBfgD5/MHteGTSQ==</latexit>

Bn ! Bm
<latexit sha1_base64="PBbRK14MfOOiqzaU99GHvKGqApk=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNV0GWpIC4r2AdMhyGTZtrQTDIkd4QyFPwJNy4UcevXuPNvTB8LbT0QOJxzw73nRKngBlz32ymsrW9sbhW3Szu7e/sH5cOjtlGZpqxFlVC6GxHDBJesBRwE66aakSQSrBONbqZ+55Fpw5V8gHHKgoQMJI85JWAlvxFK3AOFG2ESlitu1Z0BrxJvQSpogWZY/ur1Fc0SJoEKYozvuSkEOdHAqWCTUi8zLCV0RAbMt1SShJkgn508wWdW6eNYafsk4Jn6+0dOEmPGSWQnEwJDs+xNxf88P4P4Osi5TDNgks4XxZnANuQ0P+5zzSiIsSWEam5vxXRINKFgWyrZErzlyKukXat6F9Xa/WWlfvs0r6OITtApOkceukJ1dIeaqIUoUugZvaI3B5wX5935mI8WnEWFx+gPnM8fVJyRDA==</latexit>



Sample case.  Consider                   and say 
  

⇢ : B5 ! B7
<latexit sha1_base64="Hl7qpNlVGr67Rl+/x6iFpFAs4Iw=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCqzJTlYqroiAuK9gHdIYhk2ba0MxkSDJiKQW/xI0LRdz6I+78G9PHQlsPXO7hnBty7wlTzpR2nG8rt7K6tr6R3yxsbe/s7tn7xaYSmSS0QQQXsh1iRTlLaEMzzWk7lRTHIaetcHA98VsPVComkns9TKkf417CIkawNlJgFz3ZF+gSXQXnyNPC9Gpgl5yyMwVaJu6clGCOemB/eV1BspgmmnCsVMd1Uu2PsNSMcDoueJmiKSYD3KMdQxMcU+WPpruP0bFRuigS0lSi0VT9/WKEY6WGcWgmY6z7atGbiP95nUxHF/6IJWmmaUJmH0UZR+bISRCoyyQlmg8NwUQysysifSwx0SauggnBXTx5mTQrZfe0XLk7K9VunmZx5OEQjuAEXKhCDW6hDg0g8AjP8Apv1th6sd6tj9lozppHeAB/YH3+AHvykzM=</latexit>

⇢(↵5) = ↵7
<latexit sha1_base64="kedF4NKhrT/gul3/5WfkKrp1ZGc=">AAACAHicbZBNS8MwHMZTX+d8q3rw4CU4hHkZ7VTmRRgI4nGCe4G1lDRL17A0KUkqjDEQv4oXD4p49WN489uYbT3o5gOBH8/zD8n/CVNGlXacb2tpeWV1bb2wUdzc2t7Ztff2W0pkEpMmFkzITogUYZSTpqaakU4qCUpCRtrh4HqStx+IVFTwez1MiZ+gPqcRxUgbK7APPRmLsodYGqPg4vQqp1pgl5yKMxVcBDeHEsjVCOwvrydwlhCuMUNKdV0n1f4ISU0xI+OilymSIjxAfdI1yFFClD+aLjCGJ8bpwUhIc7iGU/f3jRFKlBomoZlMkI7VfDYx/8u6mY4u/RHlaaYJx7OHooxBLeCkDdijkmDNhgYQltT8FeIYSYS16axoSnDnV16EVrXinlWqd+el+s3jrI4COALHoAxcUAN1cAsaoAkwGINn8ArerCfrxXq3PmajS1Ze4QH4I+vzB61Eljo=</latexit>

Special maps



Sample case.  Consider                   and say 
  

Then          is central. 

⇢ : B5 ! B7
<latexit sha1_base64="Hl7qpNlVGr67Rl+/x6iFpFAs4Iw=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCqzJTlYqroiAuK9gHdIYhk2ba0MxkSDJiKQW/xI0LRdz6I+78G9PHQlsPXO7hnBty7wlTzpR2nG8rt7K6tr6R3yxsbe/s7tn7xaYSmSS0QQQXsh1iRTlLaEMzzWk7lRTHIaetcHA98VsPVComkns9TKkf417CIkawNlJgFz3ZF+gSXQXnyNPC9Gpgl5yyMwVaJu6clGCOemB/eV1BspgmmnCsVMd1Uu2PsNSMcDoueJmiKSYD3KMdQxMcU+WPpruP0bFRuigS0lSi0VT9/WKEY6WGcWgmY6z7atGbiP95nUxHF/6IJWmmaUJmH0UZR+bISRCoyyQlmg8NwUQysysifSwx0SauggnBXTx5mTQrZfe0XLk7K9VunmZx5OEQjuAEXKhCDW6hDg0g8AjP8Apv1th6sd6tj9lozppHeAB/YH3+AHvykzM=</latexit>

⇢(↵5) = ↵7
<latexit sha1_base64="kedF4NKhrT/gul3/5WfkKrp1ZGc=">AAACAHicbZBNS8MwHMZTX+d8q3rw4CU4hHkZ7VTmRRgI4nGCe4G1lDRL17A0KUkqjDEQv4oXD4p49WN489uYbT3o5gOBH8/zD8n/CVNGlXacb2tpeWV1bb2wUdzc2t7Ztff2W0pkEpMmFkzITogUYZSTpqaakU4qCUpCRtrh4HqStx+IVFTwez1MiZ+gPqcRxUgbK7APPRmLsodYGqPg4vQqp1pgl5yKMxVcBDeHEsjVCOwvrydwlhCuMUNKdV0n1f4ISU0xI+OilymSIjxAfdI1yFFClD+aLjCGJ8bpwUhIc7iGU/f3jRFKlBomoZlMkI7VfDYx/8u6mY4u/RHlaaYJx7OHooxBLeCkDdijkmDNhgYQltT8FeIYSYS16axoSnDnV16EVrXinlWqd+el+s3jrI4COALHoAxcUAN1cAsaoAkwGINn8ArerCfrxXq3PmajS1Ze4QH4I+vzB61Eljo=</latexit>

⇢(↵7
5)

<latexit sha1_base64="QVCVgDegWiMrTQB1Rt1jRD8CAN4=">AAAB+XicbZDLSgMxGIUz9VbrbdSlm2AR6qbMVKUuC4K4rGAv0BmHTJrphGaSIckUylDwQdy4UMStb+LOtzG9LLT1QODjnD/kzwlTRpV2nG+rsLa+sblV3C7t7O7tH9iHR20lMolJCwsmZDdEijDKSUtTzUg3lQQlISOdcHgzzTsjIhUV/EGPU+InaMBpRDHSxgps25OxqHiIpTEKrh7r54FddqrOTHAV3AWUwULNwP7y+gJnCeEaM6RUz3VS7edIaooZmZS8TJEU4SEakJ5BjhKi/Hy2+QSeGacPIyHN4RrO3N83cpQoNU5CM5kgHavlbGr+l/UyHV37OeVppgnH84eijEEt4LQG2KeSYM3GBhCW1OwKcYwkwtqUVTIluMtfXoV2repeVGv3l+XG7dO8jiI4AaegAlxQBw1wB5qgBTAYgWfwCt6s3Hqx3q2P+WjBWlR4DP7I+vwBf66TVA==</latexit>

Special maps



Sample case.  Consider                   and say 
  

Then          is central.  But                        
(cf. Lanier–M).  

⇢ : B5 ! B7
<latexit sha1_base64="Hl7qpNlVGr67Rl+/x6iFpFAs4Iw=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCqzJTlYqroiAuK9gHdIYhk2ba0MxkSDJiKQW/xI0LRdz6I+78G9PHQlsPXO7hnBty7wlTzpR2nG8rt7K6tr6R3yxsbe/s7tn7xaYSmSS0QQQXsh1iRTlLaEMzzWk7lRTHIaetcHA98VsPVComkns9TKkf417CIkawNlJgFz3ZF+gSXQXnyNPC9Gpgl5yyMwVaJu6clGCOemB/eV1BspgmmnCsVMd1Uu2PsNSMcDoueJmiKSYD3KMdQxMcU+WPpruP0bFRuigS0lSi0VT9/WKEY6WGcWgmY6z7atGbiP95nUxHF/6IJWmmaUJmH0UZR+bISRCoyyQlmg8NwUQysysifSwx0SauggnBXTx5mTQrZfe0XLk7K9VunmZx5OEQjuAEXKhCDW6hDg0g8AjP8Apv1th6sd6tj9lozppHeAB/YH3+AHvykzM=</latexit>

⇢(↵5) = ↵7
<latexit sha1_base64="kedF4NKhrT/gul3/5WfkKrp1ZGc=">AAACAHicbZBNS8MwHMZTX+d8q3rw4CU4hHkZ7VTmRRgI4nGCe4G1lDRL17A0KUkqjDEQv4oXD4p49WN489uYbT3o5gOBH8/zD8n/CVNGlXacb2tpeWV1bb2wUdzc2t7Ztff2W0pkEpMmFkzITogUYZSTpqaakU4qCUpCRtrh4HqStx+IVFTwez1MiZ+gPqcRxUgbK7APPRmLsodYGqPg4vQqp1pgl5yKMxVcBDeHEsjVCOwvrydwlhCuMUNKdV0n1f4ISU0xI+OilymSIjxAfdI1yFFClD+aLjCGJ8bpwUhIc7iGU/f3jRFKlBomoZlMkI7VfDYx/8u6mY4u/RHlaaYJx7OHooxBLeCkDdijkmDNhgYQltT8FeIYSYS16axoSnDnV16EVrXinlWqd+el+s3jrI4COALHoAxcUAN1cAsaoAkwGINn8ArerCfrxXq3PmajS1Ze4QH4I+vzB61Eljo=</latexit>

⇢(↵7
5)

<latexit sha1_base64="QVCVgDegWiMrTQB1Rt1jRD8CAN4=">AAAB+XicbZDLSgMxGIUz9VbrbdSlm2AR6qbMVKUuC4K4rGAv0BmHTJrphGaSIckUylDwQdy4UMStb+LOtzG9LLT1QODjnD/kzwlTRpV2nG+rsLa+sblV3C7t7O7tH9iHR20lMolJCwsmZDdEijDKSUtTzUg3lQQlISOdcHgzzTsjIhUV/EGPU+InaMBpRDHSxgps25OxqHiIpTEKrh7r54FddqrOTHAV3AWUwULNwP7y+gJnCeEaM6RUz3VS7edIaooZmZS8TJEU4SEakJ5BjhKi/Hy2+QSeGacPIyHN4RrO3N83cpQoNU5CM5kgHavlbGr+l/UyHV37OeVppgnH84eijEEt4LQG2KeSYM3GBhCW1OwKcYwkwtqUVTIluMtfXoV2repeVGv3l+XG7dO8jiI4AaegAlxQBw1wB5qgBTAYgWfwCt6s3Hqx3q2P+WjBWlR4DP7I+vwBf66TVA==</latexit>

hh↵7
5ii ◆ B0

5
<latexit sha1_base64="AXo0drxjQyy5EPbEk8vkZUMFPo4=">AAACInicbVDLSgNBEJz1GeNr1aOXwSB6Crs+UG+iIB4jmCgkcemddJLB2dl1ZlYIIeCfePFXvHhQ1JPgxzh5KJpY0HRR1cN0V5gIro3nfThj4xOTU9OZmezs3PzCoru0XNJxqhgWWSxidRmCRsElFg03Ai8ThRCFAi/C6+Ouf3GLSvNYnptWgtUIGpLXOQNjpcA9qAiQDYH0p4NImhDsXu3RihpI312niUaDN/Qo2N0I3JyX93qgo8QfkBwZoBC4b5VazNIIpWECtC77XmKqbVCGM4GdbCXVmAC7hgaWLZUQoa62eyd26LpVarQeK1vS0J76+0UbIq1bUWgnIzBNPex1xf+8cmrq+9U2l0lqULL+R/VUUBPTbl60xhUyI1qWAFPc7kpZExQwY1PN2hD84ZNHSWkr72/nt852cocnd/04MmSVrJFN4pM9ckhOSYEUCSP35JE8kxfnwXlyXp33/uiYM4hwhfyB8/kFJ0qj0w==</latexit>

Special maps



Sample case.  Consider                   and say 
  

Then          is central.  But                        
(cf. Lanier–M).  

So      maps to         

⇢ : B5 ! B7
<latexit sha1_base64="Hl7qpNlVGr67Rl+/x6iFpFAs4Iw=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCqzJTlYqroiAuK9gHdIYhk2ba0MxkSDJiKQW/xI0LRdz6I+78G9PHQlsPXO7hnBty7wlTzpR2nG8rt7K6tr6R3yxsbe/s7tn7xaYSmSS0QQQXsh1iRTlLaEMzzWk7lRTHIaetcHA98VsPVComkns9TKkf417CIkawNlJgFz3ZF+gSXQXnyNPC9Gpgl5yyMwVaJu6clGCOemB/eV1BspgmmnCsVMd1Uu2PsNSMcDoueJmiKSYD3KMdQxMcU+WPpruP0bFRuigS0lSi0VT9/WKEY6WGcWgmY6z7atGbiP95nUxHF/6IJWmmaUJmH0UZR+bISRCoyyQlmg8NwUQysysifSwx0SauggnBXTx5mTQrZfe0XLk7K9VunmZx5OEQjuAEXKhCDW6hDg0g8AjP8Apv1th6sd6tj9lozppHeAB/YH3+AHvykzM=</latexit>

⇢(↵5) = ↵7
<latexit sha1_base64="kedF4NKhrT/gul3/5WfkKrp1ZGc=">AAACAHicbZBNS8MwHMZTX+d8q3rw4CU4hHkZ7VTmRRgI4nGCe4G1lDRL17A0KUkqjDEQv4oXD4p49WN489uYbT3o5gOBH8/zD8n/CVNGlXacb2tpeWV1bb2wUdzc2t7Ztff2W0pkEpMmFkzITogUYZSTpqaakU4qCUpCRtrh4HqStx+IVFTwez1MiZ+gPqcRxUgbK7APPRmLsodYGqPg4vQqp1pgl5yKMxVcBDeHEsjVCOwvrydwlhCuMUNKdV0n1f4ISU0xI+OilymSIjxAfdI1yFFClD+aLjCGJ8bpwUhIc7iGU/f3jRFKlBomoZlMkI7VfDYx/8u6mY4u/RHlaaYJx7OHooxBLeCkDdijkmDNhgYQltT8FeIYSYS16axoSnDnV16EVrXinlWqd+el+s3jrI4COALHoAxcUAN1cAsaoAkwGINn8ArerCfrxXq3PmajS1Ze4QH4I+vzB61Eljo=</latexit>

⇢(↵7
5)

<latexit sha1_base64="QVCVgDegWiMrTQB1Rt1jRD8CAN4=">AAAB+XicbZDLSgMxGIUz9VbrbdSlm2AR6qbMVKUuC4K4rGAv0BmHTJrphGaSIckUylDwQdy4UMStb+LOtzG9LLT1QODjnD/kzwlTRpV2nG+rsLa+sblV3C7t7O7tH9iHR20lMolJCwsmZDdEijDKSUtTzUg3lQQlISOdcHgzzTsjIhUV/EGPU+InaMBpRDHSxgps25OxqHiIpTEKrh7r54FddqrOTHAV3AWUwULNwP7y+gJnCeEaM6RUz3VS7edIaooZmZS8TJEU4SEakJ5BjhKi/Hy2+QSeGacPIyHN4RrO3N83cpQoNU5CM5kgHavlbGr+l/UyHV37OeVppgnH84eijEEt4LQG2KeSYM3GBhCW1OwKcYwkwtqUVTIluMtfXoV2repeVGv3l+XG7dO8jiI4AaegAlxQBw1wB5qgBTAYgWfwCt6s3Hqx3q2P+WjBWlR4DP7I+vwBf66TVA==</latexit>

hh↵7
5ii ◆ B0

5
<latexit sha1_base64="AXo0drxjQyy5EPbEk8vkZUMFPo4=">AAACInicbVDLSgNBEJz1GeNr1aOXwSB6Crs+UG+iIB4jmCgkcemddJLB2dl1ZlYIIeCfePFXvHhQ1JPgxzh5KJpY0HRR1cN0V5gIro3nfThj4xOTU9OZmezs3PzCoru0XNJxqhgWWSxidRmCRsElFg03Ai8ThRCFAi/C6+Ouf3GLSvNYnptWgtUIGpLXOQNjpcA9qAiQDYH0p4NImhDsXu3RihpI312niUaDN/Qo2N0I3JyX93qgo8QfkBwZoBC4b5VazNIIpWECtC77XmKqbVCGM4GdbCXVmAC7hgaWLZUQoa62eyd26LpVarQeK1vS0J76+0UbIq1bUWgnIzBNPex1xf+8cmrq+9U2l0lqULL+R/VUUBPTbl60xhUyI1qWAFPc7kpZExQwY1PN2hD84ZNHSWkr72/nt852cocnd/04MmSVrJFN4pM9ckhOSYEUCSP35JE8kxfnwXlyXp33/uiYM4hwhfyB8/kFJ0qj0w==</latexit>

B0
5

<latexit sha1_base64="wHMenpmaZVHI9ekyX4l9XBuwI3Y=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9ltFT0WBfFYwX5Au5Rsmm1Dk+ySZIWyFPwFXjwo4tU/5M1/Y7btQVsfDDzem2FmXhBzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN1kfuuRKs0i+WDGMfUFHkgWMoJNJl33Lk57xZJbdqdAy8SbkxLMUe8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHrrBJ1YpY/CSNmSBk3V3xMpFlqPRWA7BTZDvehl4n9eJzHhlZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HgKNgRv8eVl0qyUvWq5cn9eqt0+zeLIwxEcwxl4cAk1uIM6NIDAEJ7hFd4c4bw4787HrDXnzCM8hD9wPn8ASNiOJw==</latexit>

Z(B7)
<latexit sha1_base64="njRuOX0FwLn0no7HdotCdhXkn5M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CvEYFMRjBPPAZAmzk9lkzOzMMjMrhCXgJ3jxoIhX/8ebf+PkcdDEgoaiqpvuriDmTBvX/XYyK6tr6xvZzdzW9s7uXn7/oKFlogitE8mlagVYU84ErRtmOG3FiuIo4LQZDK8mfvORKs2kuDOjmPoR7gsWMoKNlRr3xctu5bSbL7gldwq0TLw5KcActW7+q9OTJImoMIRjrdueGxs/xcowwuk410k0jTEZ4j5tWypwRLWfTq8doxOr9FAolS1h0FT9PZHiSOtRFNjOCJuBXvQm4n9eOzHhhZ8yESeGCjJbFCYcGYkmr6MeU5QYPrIEE8XsrYgMsMLE2IByNgRv8eVl0iiXvLNS+fa8UL1+msWRhSM4hiJ4UIEq3EAN6kDgAZ7hFd4c6bw4787HrDXjzCM8hD9wPn8AYDmOwQ==</latexit>

Special maps



Sample case.  Consider                   and say 
  

Then          is central.  But                        
(cf. Lanier–M).  

So      maps to         , and we conclude               
that     has abelian image

⇢ : B5 ! B7
<latexit sha1_base64="Hl7qpNlVGr67Rl+/x6iFpFAs4Iw=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCqzJTlYqroiAuK9gHdIYhk2ba0MxkSDJiKQW/xI0LRdz6I+78G9PHQlsPXO7hnBty7wlTzpR2nG8rt7K6tr6R3yxsbe/s7tn7xaYSmSS0QQQXsh1iRTlLaEMzzWk7lRTHIaetcHA98VsPVComkns9TKkf417CIkawNlJgFz3ZF+gSXQXnyNPC9Gpgl5yyMwVaJu6clGCOemB/eV1BspgmmnCsVMd1Uu2PsNSMcDoueJmiKSYD3KMdQxMcU+WPpruP0bFRuigS0lSi0VT9/WKEY6WGcWgmY6z7atGbiP95nUxHF/6IJWmmaUJmH0UZR+bISRCoyyQlmg8NwUQysysifSwx0SauggnBXTx5mTQrZfe0XLk7K9VunmZx5OEQjuAEXKhCDW6hDg0g8AjP8Apv1th6sd6tj9lozppHeAB/YH3+AHvykzM=</latexit>

⇢(↵5) = ↵7
<latexit sha1_base64="kedF4NKhrT/gul3/5WfkKrp1ZGc=">AAACAHicbZBNS8MwHMZTX+d8q3rw4CU4hHkZ7VTmRRgI4nGCe4G1lDRL17A0KUkqjDEQv4oXD4p49WN489uYbT3o5gOBH8/zD8n/CVNGlXacb2tpeWV1bb2wUdzc2t7Ztff2W0pkEpMmFkzITogUYZSTpqaakU4qCUpCRtrh4HqStx+IVFTwez1MiZ+gPqcRxUgbK7APPRmLsodYGqPg4vQqp1pgl5yKMxVcBDeHEsjVCOwvrydwlhCuMUNKdV0n1f4ISU0xI+OilymSIjxAfdI1yFFClD+aLjCGJ8bpwUhIc7iGU/f3jRFKlBomoZlMkI7VfDYx/8u6mY4u/RHlaaYJx7OHooxBLeCkDdijkmDNhgYQltT8FeIYSYS16axoSnDnV16EVrXinlWqd+el+s3jrI4COALHoAxcUAN1cAsaoAkwGINn8ArerCfrxXq3PmajS1Ze4QH4I+vzB61Eljo=</latexit>

⇢(↵7
5)

<latexit sha1_base64="QVCVgDegWiMrTQB1Rt1jRD8CAN4=">AAAB+XicbZDLSgMxGIUz9VbrbdSlm2AR6qbMVKUuC4K4rGAv0BmHTJrphGaSIckUylDwQdy4UMStb+LOtzG9LLT1QODjnD/kzwlTRpV2nG+rsLa+sblV3C7t7O7tH9iHR20lMolJCwsmZDdEijDKSUtTzUg3lQQlISOdcHgzzTsjIhUV/EGPU+InaMBpRDHSxgps25OxqHiIpTEKrh7r54FddqrOTHAV3AWUwULNwP7y+gJnCeEaM6RUz3VS7edIaooZmZS8TJEU4SEakJ5BjhKi/Hy2+QSeGacPIyHN4RrO3N83cpQoNU5CM5kgHavlbGr+l/UyHV37OeVppgnH84eijEEt4LQG2KeSYM3GBhCW1OwKcYwkwtqUVTIluMtfXoV2repeVGv3l+XG7dO8jiI4AaegAlxQBw1wB5qgBTAYgWfwCt6s3Hqx3q2P+WjBWlR4DP7I+vwBf66TVA==</latexit>

hh↵7
5ii ◆ B0

5
<latexit sha1_base64="AXo0drxjQyy5EPbEk8vkZUMFPo4=">AAACInicbVDLSgNBEJz1GeNr1aOXwSB6Crs+UG+iIB4jmCgkcemddJLB2dl1ZlYIIeCfePFXvHhQ1JPgxzh5KJpY0HRR1cN0V5gIro3nfThj4xOTU9OZmezs3PzCoru0XNJxqhgWWSxidRmCRsElFg03Ai8ThRCFAi/C6+Ouf3GLSvNYnptWgtUIGpLXOQNjpcA9qAiQDYH0p4NImhDsXu3RihpI312niUaDN/Qo2N0I3JyX93qgo8QfkBwZoBC4b5VazNIIpWECtC77XmKqbVCGM4GdbCXVmAC7hgaWLZUQoa62eyd26LpVarQeK1vS0J76+0UbIq1bUWgnIzBNPex1xf+8cmrq+9U2l0lqULL+R/VUUBPTbl60xhUyI1qWAFPc7kpZExQwY1PN2hD84ZNHSWkr72/nt852cocnd/04MmSVrJFN4pM9ckhOSYEUCSP35JE8kxfnwXlyXp33/uiYM4hwhfyB8/kFJ0qj0w==</latexit>

B0
5

<latexit sha1_base64="wHMenpmaZVHI9ekyX4l9XBuwI3Y=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9ltFT0WBfFYwX5Au5Rsmm1Dk+ySZIWyFPwFXjwo4tU/5M1/Y7btQVsfDDzem2FmXhBzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN1kfuuRKs0i+WDGMfUFHkgWMoJNJl33Lk57xZJbdqdAy8SbkxLMUe8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHrrBJ1YpY/CSNmSBk3V3xMpFlqPRWA7BTZDvehl4n9eJzHhlZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HgKNgRv8eVl0qyUvWq5cn9eqt0+zeLIwxEcwxl4cAk1uIM6NIDAEJ7hFd4c4bw4787HrDXnzCM8hD9wPn8ASNiOJw==</latexit>

Z(B7)
<latexit sha1_base64="njRuOX0FwLn0no7HdotCdhXkn5M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CvEYFMRjBPPAZAmzk9lkzOzMMjMrhCXgJ3jxoIhX/8ebf+PkcdDEgoaiqpvuriDmTBvX/XYyK6tr6xvZzdzW9s7uXn7/oKFlogitE8mlagVYU84ErRtmOG3FiuIo4LQZDK8mfvORKs2kuDOjmPoR7gsWMoKNlRr3xctu5bSbL7gldwq0TLw5KcActW7+q9OTJImoMIRjrdueGxs/xcowwuk410k0jTEZ4j5tWypwRLWfTq8doxOr9FAolS1h0FT9PZHiSOtRFNjOCJuBXvQm4n9eOzHhhZ8yESeGCjJbFCYcGYkmr6MeU5QYPrIEE8XsrYgMsMLE2IByNgRv8eVl0iiXvLNS+fa8UL1+msWRhSM4hiJ4UIEq3EAN6kDgAZ7hFd4c6bw4787HrDXjzCM8hD9wPn8AYDmOwQ==</latexit>

B0
5

<latexit sha1_base64="wHMenpmaZVHI9ekyX4l9XBuwI3Y=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9ltFT0WBfFYwX5Au5Rsmm1Dk+ySZIWyFPwFXjwo4tU/5M1/Y7btQVsfDDzem2FmXhBzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN1kfuuRKs0i+WDGMfUFHkgWMoJNJl33Lk57xZJbdqdAy8SbkxLMUe8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHrrBJ1YpY/CSNmSBk3V3xMpFlqPRWA7BTZDvehl4n9eJzHhlZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HgKNgRv8eVl0qyUvWq5cn9eqt0+zeLIwxEcwxl4cAk1uIM6NIDAEJ7hFd4c4bw4787HrDXnzCM8hD9wPn8ASNiOJw==</latexit>

Special maps



Sample case.  Consider                   and say 
  

Then          is central.  But                        
(cf. Lanier–M).  

So      maps to         , and we conclude               
that     has abelian image, hence    is cyclic. ⇢

<latexit sha1_base64="BESvZ/5RGXZdwC6aiLBQtcrbR/Y=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BQTxGMA9IljA7mU2GzGOZmRXCEvALvHhQxKs/5M2/cTbJQRMLGoqqbrq7ooQzY33/2yusrW9sbhW3Szu7e/sH5cOjllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsa3+R++5Fqw5R8sJOEhgIPJYsZwTaXenqk+uWKX/VnQKskWJAKLNDol796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTa7dYrOnDJAsdKupEUz9fdEhoUxExG5ToHtyCx7ufif101tfB1mTCappZLMF8UpR1ah/HE0YJoSyyeOYKKZuxWREdaYWBdPyYUQLL+8Slq1anBRrd1fVuq3T/M4inACp3AOAVxBHe6gAU0gMIJneIU3T3gv3rv3MW8teIsIj+EPvM8fSC6Ozw==</latexit>

⇢ : B5 ! B7
<latexit sha1_base64="Hl7qpNlVGr67Rl+/x6iFpFAs4Iw=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCqzJTlYqroiAuK9gHdIYhk2ba0MxkSDJiKQW/xI0LRdz6I+78G9PHQlsPXO7hnBty7wlTzpR2nG8rt7K6tr6R3yxsbe/s7tn7xaYSmSS0QQQXsh1iRTlLaEMzzWk7lRTHIaetcHA98VsPVComkns9TKkf417CIkawNlJgFz3ZF+gSXQXnyNPC9Gpgl5yyMwVaJu6clGCOemB/eV1BspgmmnCsVMd1Uu2PsNSMcDoueJmiKSYD3KMdQxMcU+WPpruP0bFRuigS0lSi0VT9/WKEY6WGcWgmY6z7atGbiP95nUxHF/6IJWmmaUJmH0UZR+bISRCoyyQlmg8NwUQysysifSwx0SauggnBXTx5mTQrZfe0XLk7K9VunmZx5OEQjuAEXKhCDW6hDg0g8AjP8Apv1th6sd6tj9lozppHeAB/YH3+AHvykzM=</latexit>

⇢(↵5) = ↵7
<latexit sha1_base64="kedF4NKhrT/gul3/5WfkKrp1ZGc=">AAACAHicbZBNS8MwHMZTX+d8q3rw4CU4hHkZ7VTmRRgI4nGCe4G1lDRL17A0KUkqjDEQv4oXD4p49WN489uYbT3o5gOBH8/zD8n/CVNGlXacb2tpeWV1bb2wUdzc2t7Ztff2W0pkEpMmFkzITogUYZSTpqaakU4qCUpCRtrh4HqStx+IVFTwez1MiZ+gPqcRxUgbK7APPRmLsodYGqPg4vQqp1pgl5yKMxVcBDeHEsjVCOwvrydwlhCuMUNKdV0n1f4ISU0xI+OilymSIjxAfdI1yFFClD+aLjCGJ8bpwUhIc7iGU/f3jRFKlBomoZlMkI7VfDYx/8u6mY4u/RHlaaYJx7OHooxBLeCkDdijkmDNhgYQltT8FeIYSYS16axoSnDnV16EVrXinlWqd+el+s3jrI4COALHoAxcUAN1cAsaoAkwGINn8ArerCfrxXq3PmajS1Ze4QH4I+vzB61Eljo=</latexit>

⇢(↵7
5)

<latexit sha1_base64="QVCVgDegWiMrTQB1Rt1jRD8CAN4=">AAAB+XicbZDLSgMxGIUz9VbrbdSlm2AR6qbMVKUuC4K4rGAv0BmHTJrphGaSIckUylDwQdy4UMStb+LOtzG9LLT1QODjnD/kzwlTRpV2nG+rsLa+sblV3C7t7O7tH9iHR20lMolJCwsmZDdEijDKSUtTzUg3lQQlISOdcHgzzTsjIhUV/EGPU+InaMBpRDHSxgps25OxqHiIpTEKrh7r54FddqrOTHAV3AWUwULNwP7y+gJnCeEaM6RUz3VS7edIaooZmZS8TJEU4SEakJ5BjhKi/Hy2+QSeGacPIyHN4RrO3N83cpQoNU5CM5kgHavlbGr+l/UyHV37OeVppgnH84eijEEt4LQG2KeSYM3GBhCW1OwKcYwkwtqUVTIluMtfXoV2repeVGv3l+XG7dO8jiI4AaegAlxQBw1wB5qgBTAYgWfwCt6s3Hqx3q2P+WjBWlR4DP7I+vwBf66TVA==</latexit>

hh↵7
5ii ◆ B0

5
<latexit sha1_base64="AXo0drxjQyy5EPbEk8vkZUMFPo4=">AAACInicbVDLSgNBEJz1GeNr1aOXwSB6Crs+UG+iIB4jmCgkcemddJLB2dl1ZlYIIeCfePFXvHhQ1JPgxzh5KJpY0HRR1cN0V5gIro3nfThj4xOTU9OZmezs3PzCoru0XNJxqhgWWSxidRmCRsElFg03Ai8ThRCFAi/C6+Ouf3GLSvNYnptWgtUIGpLXOQNjpcA9qAiQDYH0p4NImhDsXu3RihpI312niUaDN/Qo2N0I3JyX93qgo8QfkBwZoBC4b5VazNIIpWECtC77XmKqbVCGM4GdbCXVmAC7hgaWLZUQoa62eyd26LpVarQeK1vS0J76+0UbIq1bUWgnIzBNPex1xf+8cmrq+9U2l0lqULL+R/VUUBPTbl60xhUyI1qWAFPc7kpZExQwY1PN2hD84ZNHSWkr72/nt852cocnd/04MmSVrJFN4pM9ckhOSYEUCSP35JE8kxfnwXlyXp33/uiYM4hwhfyB8/kFJ0qj0w==</latexit>

B0
5

<latexit sha1_base64="wHMenpmaZVHI9ekyX4l9XBuwI3Y=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9ltFT0WBfFYwX5Au5Rsmm1Dk+ySZIWyFPwFXjwo4tU/5M1/Y7btQVsfDDzem2FmXhBzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN1kfuuRKs0i+WDGMfUFHkgWMoJNJl33Lk57xZJbdqdAy8SbkxLMUe8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHrrBJ1YpY/CSNmSBk3V3xMpFlqPRWA7BTZDvehl4n9eJzHhlZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HgKNgRv8eVl0qyUvWq5cn9eqt0+zeLIwxEcwxl4cAk1uIM6NIDAEJ7hFd4c4bw4787HrDXnzCM8hD9wPn8ASNiOJw==</latexit>

Z(B7)
<latexit sha1_base64="njRuOX0FwLn0no7HdotCdhXkn5M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CvEYFMRjBPPAZAmzk9lkzOzMMjMrhCXgJ3jxoIhX/8ebf+PkcdDEgoaiqpvuriDmTBvX/XYyK6tr6xvZzdzW9s7uXn7/oKFlogitE8mlagVYU84ErRtmOG3FiuIo4LQZDK8mfvORKs2kuDOjmPoR7gsWMoKNlRr3xctu5bSbL7gldwq0TLw5KcActW7+q9OTJImoMIRjrdueGxs/xcowwuk410k0jTEZ4j5tWypwRLWfTq8doxOr9FAolS1h0FT9PZHiSOtRFNjOCJuBXvQm4n9eOzHhhZ8yESeGCjJbFCYcGYkmr6MeU5QYPrIEE8XsrYgMsMLE2IByNgRv8eVl0iiXvLNS+fa8UL1+msWRhSM4hiJ4UIEq3EAN6kDgAZ7hFd4c6bw4787HrDXjzCM8hD9wPn8AYDmOwQ==</latexit>

B0
5

<latexit sha1_base64="wHMenpmaZVHI9ekyX4l9XBuwI3Y=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9ltFT0WBfFYwX5Au5Rsmm1Dk+ySZIWyFPwFXjwo4tU/5M1/Y7btQVsfDDzem2FmXhBzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN1kfuuRKs0i+WDGMfUFHkgWMoJNJl33Lk57xZJbdqdAy8SbkxLMUe8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHrrBJ1YpY/CSNmSBk3V3xMpFlqPRWA7BTZDvehl4n9eJzHhlZ8yGSeGSjJbFCYcmQhlj6M+U5QYPrYEE8XsrYgMscLE2HgKNgRv8eVl0qyUvWq5cn9eqt0+zeLIwxEcwxl4cAk1uIM6NIDAEJ7hFd4c4bw4787HrDXnzCM8hD9wPn8ASNiOJw==</latexit>

Special maps



Main Theorem 2: 
Shrinking the domain



Shrinking the domain
Having classified maps                 

we would like to classify maps 

for certain           . 

Bn ! Bn
<latexit sha1_base64="djwekbam1lC0utn7JDn+OQ7jZtw=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LIoiMsK9gHToWTSTBuayQzJHaEMBX/CjQtF3Po17vwb08dCWw+EHM65IfecMJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3kz81iPXRiTqAUcpD2LaVyISjKKV/OuuIh1MiL27pbJbcacgy8SbkzLMUe+Wvjq9hGUxV8gkNcb33BSDnGoUTPJxsZMZnlI2pH3uW6pozE2QT1cek1Or9EiUaHsUkqn6+0VOY2NGcWgnY4oDs+hNxP88P8PoKsiFSjPkis0+ijJJbMhJftITmjOUI0so08LuStiAasrQtlS0JXiLkZdJs1rxzivV+4ty7fZpVkcBjuEEzsCDS6jBHdShAQwSeIZXeHPQeXHenY/Z6Iozr/AI/sD5/AFWIJEN</latexit>

� ! Bn
<latexit sha1_base64="8kqqqKIiTf46BmH40W3ebMSVprM=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BQT1GMA/IrqF3MpsMmZldZmaVsAT8DC8eFPHqv3jzb5w8DppY0FBUddPdFSacaeO6305uaXlldS2/XtjY3NreKe7uNXScKkLrJOaxaoWgKWeS1g0znLYSRUGEnDbDweXYbz5QpVks78wwoYGAnmQRI2CsdO9fgxCAfRPji47sFEtu2Z0ALxJvRkpohlqn+OV3Y5IKKg3hoHXbcxMTZKAMI5yOCn6qaQJkAD3atlSCoDrIJleP8JFVujiKlS1p8ET9PZGB0HooQtspwPT1vDcW//PaqYnOg4zJJDVUkumiKOXYPjmOAHeZosTwoSVAFLO3YtIHBcTYoAo2BG/+5UXSqJS9k3Ll9rRUvXqaxpFHB+gQHSMPnaEqukE1VEcEKfSMXtGb8+i8OO/Ox7Q158wi3Ed/4Hz+AJ/bkls=</latexit>

� 6 Bn
<latexit sha1_base64="jKodPL997cezBRhshDZKoitfwGI=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoPgKcxEQY9BQT1GMAtkhlDT6SRNunvG7h4hDkE/xYsHRbz6H978GzvLQRMfFDzeq6KqXhhzpo3rfjuZhcWl5ZXsam5tfWNzK7+9U9NRogitkohHqhGCppxJWjXMcNqIFQURcloP+xcjv35PlWaRvDWDmAYCupJ1GAFjpVZ+z78CIQD7nN5pDtLg85aVC27RHQPPE29KCmiKSiv/5bcjkggqDeGgddNzYxOkoAwjnA5zfqJpDKQPXdq0VIKgOkjH1w/xoVXauBMpW3b/WP09kYLQeiBC2ynA9PSsNxL/85qJ6ZwFKZNxYqgkk0WdhGMT4VEUuM0UJYYPLAGimL0Vkx4oIMYGlrMheLMvz5NaqegdF0s3J4Xy5dMkjizaRwfoCHnoFJXRNaqgKiLoAT2jV/TmPDovzrvzMWnNONMId9EfOJ8/58WVSQ==</latexit>



The commutator subgroup

Signed word length gives a map 

This is the abelianization, so: 

L : Bn ! Z
<latexit sha1_base64="DOx0zUOIDJzxEnTnU8Mbrm9QTZc=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAIrspMFRRXRUFcuKhgH9gZSiZN29BMZkgyQhkL+ituXCji1t9w59+YabvQ1gOBwzk33HNPEHOmtON8W3PzC4tLy7mV/Ora+samvbVdU1EiCa2SiEeyEWBFORO0qpnmtBFLisOA03rQv8j8+j2VikXiVg9i6oe4K1iHEayN1LJ3r9EZOm8J5OkIeSHWvSBI74Ytu+AUnRHQLHEnpAATVFr2l9eOSBJSoQnHSjVdJ9Z+iqVmhNNh3ksUjTHp4y5tGipwSJWfjvIP0YFR2qgTSfOERiP1948Uh0oNwsBMZgnVtJeJ/3nNRHdO/ZSJONFUkPGiTsKRuTUrA7WZpETzgSGYSGayItLDEhNtKsubEtzpk2dJrVR0j4qlm+NC+fJxXEcO9mAfDsGFEyjDFVSgCgQe4Ble4c16sl6sd+tjPDpnTSrcgT+wPn8AZFqVfw==</latexit>

B0
n = ker(L)

<latexit sha1_base64="xKP1ZVA6PGdiHF+ZdkQ1IQ9eE1s=">AAAB/3icbZBLSwMxFIUz9V1fo4IbN8Ei6qbMVEE3giiICxcVbBXaoWTSWxuayQzJHbGMBf0rblwo4ta/4c5/Y/pY+DoQ+DjnhtycMJHCoOd9Ormx8YnJqemZ/Ozc/MKiu7RcNXGqOVR4LGN9FTIDUiiooEAJV4kGFoUSLsPOcT+/vAFtRKwusJtAELFrJVqCM7RWw109aqhNekDrCLeoo6wDurd1tt1wC17RG4j+BX8EBTJSueF+1JsxTyNQyCUzpuZ7CQYZ0yi4hF6+nhpIGO+wa6hZVCwCE2SD/Xt0wzpN2oq1PQrpwP1+I2ORMd0otJMRw7b5nfXN/7Jaiq39IBMqSREUHz7USiXFmPbLoE2hgaPsWmBcC7sr5W2mGUdbWd6W4P/+8l+olor+TrF0vls4PLkf1jFN1sg62SI+2SOH5JSUSYVwckceyTN5cR6cJ+fVeRuO5pxRhSvkh5z3L5PNlZk=</latexit>



Connection to polynomials

Polyn = space of monic, square free polynomials 
of degree n 

SPolyn = subspace with discriminant 1 

⇡1(Polyn) ⇠= Bn
<latexit sha1_base64="HHKWsxwm7n2dm4Sr8jwac1EiO+Q=">AAACCXicbVDLSgMxFM3UV62vqks3wSLUTZmpgi6LgrisYB/QKUMmTdvQTDIkd8QyFFy58VfcuFDErX/gzr8xfSy09cCFwznnktwTxoIbcN1vJ7O0vLK6ll3PbWxube/kd/fqRiWashpVQulmSAwTXLIacBCsGWtGolCwRji4HPuNO6YNV/IWhjFrR6QneZdTAlYK8tiPeeAVfWD3oKO0qsRwFMhj7FMle/gisJGCW3InwIvEm5ECmqEa5L/8jqJJxCRQQYxpeW4M7ZRo4FSwUc5PDIsJHZAea1kqScRMO51cMsJHVungrtJ2JOCJ+nsjJZExwyi0yYhA38x7Y/E/r5VA97ydchknwCSdPtRNBAaFx7XgDteMghhaQqjm9q+Y9okmFGx5OVuCN3/yIqmXS95JqXxzWqhcPUzryKIDdIiKyENnqIKuURXVEEWP6Bm9ojfnyXlx3p2PaTTjzCrcR3/gfP4A8tGaRA==</latexit>

⇡1(SPolyn) ⇠= B0
n

<latexit sha1_base64="F+nt3JH0fNmy05UIOL9xYomy9Qg=">AAACC3icbZBLSwMxFIUzPmt9VV26CS2ibsqMCroUBXFZ0bZCZxgyadqGZpIhuSMOQ8GlG/+KGxeKuPUPuPPfmD4Wvg4EPs65IbknSgQ34LqfztT0zOzcfGGhuLi0vLJaWltvGJVqyupUCaWvI2KY4JLVgYNg14lmJI4Ea0b902HevGHacCWvIEtYEJOu5B1OCVgrLJX9hIfejg/sFnScX9aUyAah3MU+VbKLT0K5HZYqbtUdCf8FbwIVNFEtLH34bUXTmEmgghjT8twEgpxo4FSwQdFPDUsI7ZMua1mUJGYmyEe7DPCWddq4o7Q9EvDI/X4jJ7ExWRzZyZhAz/zOhuZ/WSuFzlGQc5mkwCQdP9RJBQaFh8XgNteMgsgsEKq5/SumPaIJBVtf0Zbg/V75LzT2qt5+de/ioHJ8djeuo4A2URntIA8domN0jmqojii6R4/oGb04D86T8+q8jUennEmFG+iHnPcvDb2a0g==</latexit>



Lin's questions

Is every endomorphism 

1. injective? 

2. an automorphism of  

3. the restriction of an endomorphism of 

4. the restriction of an automorphism of 

B0
n ! B0

n...
<latexit sha1_base64="QYZs4qVindFA5zPAvls3/dk5VZ4=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1hEVyGpgi6LgrisYC/QhjCZTtqhk0mYmRRKKPggblwo4tY3cefbOGm70NYfBj7+c4Zzzh+mnCntut/Wyura+sZmaau8vbO7t28fHDZVkklCGyThiWyHWFHOBG1opjltp5LiOOS0FQ5vi3prRKViiXjU45T6Me4LFjGCtbEC274JxBnq6gQV4DhOYFdcx50KLYM3hwrMVQ/sr24vIVlMhSYcK9Xx3FT7OZaaEU4n5W6maIrJEPdpx6DAMVV+Pt18gk6N00NRIs0TGk3d3z9yHCs1jkPTGWM9UIu1wvyv1sl0dO3nTKSZpoLMBkUZR+bQIgbUY5ISzccGMJHM7IrIAEtMtAmrbELwFk9ehmbV8S6c6sNlpXb3NIujBMdwAufgwRXU4B7q0AACI3iGV3izcuvFerc+Zq0r1jzCI/gj6/MH4LSSSA==</latexit>

B0
n?

<latexit sha1_base64="wFmGi8WYOlUyNq7aYGeIra47ECU=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA9hd0o6M2gIB4juEkgWcLsZDYZMju7zPQKIQT8Ay8eFPHqB3nzb5w8DppY0FBUddPdFaZSGHTdb2dpeWV1bT23kd/c2t7ZLezt10ySacZ9lshEN0JquBSK+yhQ8kaqOY1Dyeth/2bs1x+5NiJRDzhIeRDTrhKRYBSt5F+31clVu1B0S+4EZJF4M1KEGartwlerk7As5gqZpMY0PTfFYEg1Cib5KN/KDE8p69Mub1qqaMxNMJwcOyLHVumQKNG2FJKJ+ntiSGNjBnFoO2OKPTPvjcX/vGaG0WUwFCrNkCs2XRRlkmBCxp+TjtCcoRxYQpkW9lbCelRThjafvA3Bm395kdTKJe+sVL4/L1Zun6Zx5OAQjuAUPLiACtxBFXxgIOAZXuHNUc6L8+58TFuXnFmEB/AHzucPJSCOqQ==</latexit>

Bn?
<latexit sha1_base64="f/ONJDeZqlvzhNNYJvOerhAKWLk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtgt4sCuKxgv2AdinZNNuGJtklyQplKfgLvHhQxKt/yJv/xuy2B219MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHyT+e1HqjSL5IOZxNQXeChZyAg2mXTdl1f9csWtujnQMvHmpAJzNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/zW+dohOrDFAYKVvSoFz9PZFiofVEBLZTYDPSi14m/ud1ExNe+imTcWKoJLNFYcKRiVD2OBowRYnhE0swUczeisgIK0yMjadkQ/AWX14mrVrVO6vW7s8r9dunWRxFOIJjOAUPLqAOd9CAJhAYwTO8wpsjnBfn3fmYtRaceYSH8AfO5w/D1Y54</latexit>

Bn?
<latexit sha1_base64="f/ONJDeZqlvzhNNYJvOerhAKWLk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtgt4sCuKxgv2AdinZNNuGJtklyQplKfgLvHhQxKt/yJv/xuy2B219MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHyT+e1HqjSL5IOZxNQXeChZyAg2mXTdl1f9csWtujnQMvHmpAJzNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/zW+dohOrDFAYKVvSoFz9PZFiofVEBLZTYDPSi14m/ud1ExNe+imTcWKoJLNFYcKRiVD2OBowRYnhE0swUczeisgIK0yMjadkQ/AWX14mrVrVO6vW7s8r9dunWRxFOIJjOAUPLqAOd9CAJhAYwTO8wpsjnBfn3fmYtRaceYSH8AfO5w/D1Y54</latexit>



What's harder about    ?
Given              , we obtain 

Can then apply Artin's theorem.   We did 
not have a classification of maps

Bn ! Bn
<latexit sha1_base64="EydyW6//YoenIH1yn4GIy69P8ic=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFQVxWsA9sh5JJ77ShmcyQZIQyFPwINy4UcevfuPNvTB8LbT0QcjjnhtxzgkRwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyG1xO/+YhK81jem1GCfkT7koecUWOlh6uu7JiY2KtbLLlldwqyTLw5KcEctW7xq9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZdOMxObFKj4SxskcaMlV/v8hopPUoCuxkRM1AL3oT8T+vnZrw0s+4TFKDks0+ClNBbMhJfNLjCpkRI0soU9zuStiAKsqMLalgS/AWIy+TRqXsnZUrd+el6s3TrI48HMExnIIHF1CFW6hBHRhIeIZXeHO08+K8Ox+z0Zwzr/AQ/sD5/AH+rJDj</latexit>

Bn ! Bn ! Sn
<latexit sha1_base64="WvxbA1yvXw9rTuAwJHlL+PK5XVg=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUmqoMuiIC4r2ge0IUymk3boZBJmJmIJBb/EjQtF3Poj7vwbJ00X2npguIdz7mXuPX7MmdK2/W0VVlbX1jeKm6Wt7Z3dvfJ+pa2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3yV+Z0HKhWLxL2exNQN8VCwgBGsjeSVK5ee6OsImYKyeucZsWrX7BnQMnHmpApzNL3yV38QkSSkQhOOleo5dqzdFEvNCKfTUj9RNMZkjIe0Z6jAIVVuOtt9io6NMkBBJM0TGs3U3xMpDpWahL7pDLEeqUUvE//zeokOLtyUiTjRVJD8oyDhyByZBYEGTFKi+cQQTCQzuyIywhITbeIqmRCcxZOXSbtec05r9duzauP6KY+jCIdwBCfgwDk04Aaa0AICj/AMr/BmTa0X6936yFsL1jzCA/gD6/MHvFGUAw==</latexit>

B0
n ! Sn

<latexit sha1_base64="XsveQLgDjTt8Y4HQnYfmAZhJKw4=">AAAB8nicbVDLSgMxFM34rPVVdekmWERXZaYKuiwK4rKifcB0GDJppg3NJENyRyhDwZ9w40IRt36NO//G9LHQ1gOBwzk33HtOlApuwHW/naXlldW19cJGcXNre2e3tLffNCrTlDWoEkq3I2KY4JI1gINg7VQzkkSCtaLB9dhvPTJtuJIPMExZkJCe5DGnBKzkX4XypAMK34cyLJXdijsBXiTejJTRDPWw9NXpKpolTAIVxBjfc1MIcqKBU8FGxU5mWErogPSYb6kkCTNBPjl5hI+t0sWx0vZJwBP194+cJMYMk8hOJgT6Zt4bi/95fgbxZZBzmWbAJJ0uijOBbchxftzlmlEQQ0sI1dzeimmfaELBtlS0JXjzkRdJs1rxzirVu/Ny7eZpWkcBHaIjdIo8dIFq6BbVUQNRpNAzekVvDjgvzrvzMR1dcmYVHqA/cD5/AHrTkSU=</latexit>

B0
n

<latexit sha1_base64="lYvuQkJnce4xOsoguGbj/0/rv+Q=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvoacmurba3ohePFdpaaJeSTbNtaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2Dto5TRWiLxDxWnRBrypmkLcMMp51EUSxCTu/C8XXm391TpVksm2aS0EDgoWQRI9hk0lVfnvaLJeQiv1op+xC5fgXVvJolFeTVLsrQc9EcJbBEo1987w1ikgoqDeFY666HEhNMsTKMcDor9FJNE0zGeEi7lkosqA6m81tn8MQqAxjFypY0cK5+n5hiofVEhLZTYDPSv71M/MvrpiaqBlMmk9RQSRaLopRDE8PscThgihLDJ5Zgopi9FZIRVpgYG0/BhvD1KfyftH3XO3f923Kp3lzGkQdH4BicAQ9cgjq4AQ3QAgSMwAN4As+OcB6dF+d10ZpzljOH4Aect0/lmo42</latexit>



An equivalence relation

Two homomorphisms 

are equivalent if there is                  with 

⇢ : G ! H
<latexit sha1_base64="9ssgOv+bFO7G8yGAij633hxkDu8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0oKJ4CguYYwTwgu4bZyWwyZHZmmZlVwhLwM7x4UMSr/+LNv3HyOGhiQUNR1U13V5hwpo3rfjtLyyura+u5jfzm1vbObmFvv6FlqgitE8mlaoVYU84ErRtmOG0liuI45LQZDq7GfvOBKs2kuDPDhAYx7gkWMYKNle591ZfoEt0g30hU7RSKbsmdAC0Sb0aKMEOtU/jyu5KkMRWGcKx123MTE2RYGUY4HeX9VNMEkwHu0balAsdUB9nk6hE6tkoXRVLZEgZN1N8TGY61Hsah7Yyx6et5byz+57VTE10EGRNJaqgg00VRypF9cRwB6jJFieFDSzBRzN6KSB8rTIwNKm9D8OZfXiSNcsk7LZVvz4qV66dpHDk4hCM4AQ/OoQJVqEEdCCh4hld4cx6dF+fd+Zi2LjmzCA/gD5zPH6ptkbs=</latexit>

� : G ! H
<latexit sha1_base64="J19qky+mIiGmFw4eP7IoCo9wb+M=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9iNguIpIGiOEcwDskuYnUySITOzy8xsICwBP8SLB0W8+ife/Bsnj4MmFjQUVd10d0UJZ9p43reTW1vf2NzKbxd2dvf2D9zDo4aOU0VoncQ8Vq0Ia8qZpHXDDKetRFEsIk6b0fB26jdHVGkWy0czTmgocF+yHiPYWKnjuoFmfYHRDbpHgYlRteMWvZI3A1ol/oIUYYFax/0KujFJBZWGcKx12/cSE2ZYGUY4nRSCVNMEkyHu07alEguqw2x2+QSdWaWLerGyJQ2aqb8nMiy0HovIdgpsBnrZm4r/ee3U9K7DjMkkNVSS+aJeypF9cRoD6jJFieFjSzBRzN6KyAArTIwNq2BD8JdfXiWNcsm/KJUfLouVu6d5HHk4gVM4Bx+uoAJVqEEdCIzgGV7hzcmcF+fd+Zi35pxFhMfwB87nD6b7ksg=</latexit>

↵ 2 Aut(H)
<latexit sha1_base64="N6Q2c+nLbEzipp3mj8FzAbueMO4=">AAACA3icbZBLSwMxFIUz9VXra9SdboJFqJsyUwVdVgTpsoJ9QGcomTRtQzOZIbkjlqHQjX/FjQtF3Pon3PlvTB8LbT0Q+DjnhuSeIBZcg+N8W5mV1bX1jexmbmt7Z3fP3j+o6yhRlNVoJCLVDIhmgktWAw6CNWPFSBgI1ggGN5O88cCU5pG8h2HM/JD0JO9ySsBYbfvIIyLuE+xxiT1gj6DC9DqBUaFy1rbzTtGZCi+DO4c8mqvatr+8TkSTkEmggmjdcp0Y/JQo4FSwUc5LNIsJHZAeaxmUJGTaT6c7jPCpcTq4GylzJOCp+/tGSkKth2FgJkMCfb2YTcz/slYC3Ss/5TJOgEk6e6ibCAwRnhSCO1wxCmJogFDFzV8x7RNFKJjacqYEd3HlZaiXiu55sXR3kS/fjmd1ZNExOkEF5KJLVEYVVEU1RNEYPaNX9GY9WS/Wu/UxG81Y8woP0R9Znz9nwJfH</latexit>

⇢ = ↵ � �
<latexit sha1_base64="08p0O6GeMvzgMV0tylrEaXDx4wA=">AAACA3icbZBLSwMxFIUz9VXra9SdboJFcFVmqqAboSCIywr2AZ2h3EkzndBMZkgyQhkK3fhX3LhQxK1/wp3/xvSx0NYDgY9zbkjuCVLOlHacb6uwsrq2vlHcLG1t7+zu2fsHTZVkktAGSXgi2wEoypmgDc00p+1UUogDTlvB4GaStx6pVCwRD3qYUj+GvmAhI6CN1bWPPBkl+Bp7wNMIsEeYJNhTrB9D1y47FWcqvAzuHMpornrX/vJ6CcliKjThoFTHdVLt5yA1I5yOSl6maApkAH3aMSggpsrPpzuM8KlxejhMpDlC46n7+0YOsVLDODCTMehILWYT87+sk+nwys+ZSDNNBZk9FGYc6wRPCsE9JinRfGgAiGTmr5hEIIFoU1vJlOAurrwMzWrFPa9U7y/KtdvxrI4iOkYn6Ay56BLV0B2qowYiaIye0St6s56sF+vd+piNFqx5hYfoj6zPH8iFl2U=</latexit>

and



Main Theorem 1
Theorem (Kordek–M). Let            Any 
  

is either trivial or equivalent to inclusion. 

Answers the four questions of V. Lin

n � 7.
<latexit sha1_base64="6iOO9JhNS9VaBZQSRZ/QIBpHi14=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8LbtRiMeAIB4jmIckS5id9CZDZmfXmVkhhID/4MWDIl79HG/+jZPHQRMLGoqqbrq7wlRwbTzv21lZXVvf2Mxt5bd3dvf2CweHdZ1kimGNJSJRzZBqFFxizXAjsJkqpHEosBEOriZ+4xGV5om8M8MUg5j2JI84o8ZK95K0e/hAym6nUPRcbwqyTPw5KcIc1U7hq91NWBajNExQrVu+l5pgRJXhTOA43840ppQNaA9blkoaow5G04PH5NQqXRIlypY0ZKr+nhjRWOthHNrOmJq+XvQm4n9eKzPRZTDiMs0MSjZbFGWCmIRMviddrpAZMbSEMsXtrYT1qaLM2IzyNgR/8eVlUi+5/rlbur0oVq6fZnHk4BhO4Ax8KEMFbqAKNWAQwzO8wpujnBfn3fmYta448wiP4A+czx+ZB5AI</latexit>

⇢ : B0
n ! Bn

<latexit sha1_base64="KM9HsTKtwqs9dSDSaysXwowb56Y=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1hEVyWpguKqKIjLCvYCTQiT6aQdOpkJMxMhhIpv4saFIm59EHe+jZO2C239YeDjP2c45/xhwqjSjvNtLS2vrK6tlzbKm1vbO7v23n5biVRi0sKCCdkNkSKMctLSVDPSTSRBcchIJxxdF/XOA5GKCn6vs4T4MRpwGlGMtLECu+LJoYCX8Crgx9DTooDArjo1ZyK4CO4MqmCmZmB/eX2B05hwjRlSquc6ifZzJDXFjIzLXqpIgvAIDUjPIEcxUX4+WX4Mj4zTh5GQ5nENJ+7vHzmKlcri0HTGSA/VfK0w/6v1Uh1d+DnlSaoJx9NBUcqgObJIAvapJFizzADCkppdIR4iibA2eZVNCO78yYvQrtfc01r97qzauHmaxlECB+AQnAAXnIMGuAVN0AIYZOAZvII369F6sd6tj2nrkjWLsAL+yPr8AYwwk9Q=</latexit>



Related results

Lin '04. Any                              is trivial 

Orevkov '17. 

McLeay '18. New proof of Orevkov's result 

Orevkov '20.  Extension to n=4,5,6

⇢ : B0
n ! Bm, m < n

<latexit sha1_base64="WHDbpJleWHT0C0UnlFVjpPl+vHI=">AAACBHicbZDLSgMxGIUz9Vbrreqym2ARXUiZqYIiLoqCuKxgL9AZSibNtKG5DElGKENBN76KGxeKuPUh3Pk2ppeFtv4Q+DjnD8k5YcyoNq777WQWFpeWV7KrubX1jc2t/PZOXctEYVLDkknVDJEmjApSM9Qw0owVQTxkpBH2r0Z+454oTaW4M4OYBBx1BY0oRsZK7XzBVz0Jz+FlWxxA30gL/MiHkMML6xbdkjseOA/eFIpgOtV2/svvSJxwIgxmSOuW58YmSJEyFDMyzPmJJjHCfdQlLYsCcaKDdBxiCPet0oGRVPYIA8fq7xsp4loPeGg3OTI9PeuNxP+8VmKisyClIk4MEXjyUJQwaMOOGoEdqgg2bGABYUXtXyHuIYWwsb3lbAnebOR5qJdL3nGpfHtSrFw/TOrIggLYA4fAA6egAm5AFdQABo/gGbyCN+fJeXHenY/JasaZVrgL/ozz+QPwI5Yi</latexit>

Aut(B0
n) ⇠= Aut(Bn)

<latexit sha1_base64="8LC5EpVv1TTkQqwnuMNeNZv9ddg=">AAACE3icbZBLSwMxFIUz9VXra9Slm2ARWxdlpgq6rArisoJ9QKeUTJq2oZnMkNwRy1DwJ7jxr7hxoYhbN+78N6aPhbYeCHycc0Nyjx8JrsFxvq3UwuLS8kp6NbO2vrG5ZW/vVHUYK8oqNBShqvtEM8ElqwAHweqRYiTwBav5/ctRXrtjSvNQ3sIgYs2AdCXvcErAWC37yAN2DypIzmMY5i5a8jCPPRrKLp4N8i076xScsfA8uFPIoqnKLfvLa4c0DpgEKojWDdeJoJkQBZwKNsx4sWYRoX3SZQ2DkgRMN5PxTkN8YJw27oTKHAl47P6+kZBA60Hgm8mAQE/PZiPzv6wRQ+esmXAZxcAknTzUiQWGEI8Kwm2uGAUxMECo4uavmPaIIhRMjRlTgju78jxUiwX3uFC8OcmWrh4mdaTRHtpHOeSiU1RC16iMKoiiR/SMXtGb9WS9WO/Wx2Q0ZU0r3EV/ZH3+AGrTnkU=</latexit>



Also...
The 2nd result (almost) follows from 1st: 

The 1st result restricts the composition... 

It is also the case the the proof of the 
second result can be extended to prove the 
first (forthcoming work with Caplinger)   

Bn�2 ,! B0
n ! Bn

<latexit sha1_base64="xmbN2vGbqEGgNdO1HUUjrgXQ8ss=">AAACDXicbZC9SwMxGMZz9avWr6qjS7CKLpa7KuhYKohjBfsBvePIpbk2NJccSU4pR8HZxX/FxUERV3c3/xtzbQdtfSHw43nekDxPEDOqtG1/W7mFxaXllfxqYW19Y3OruL3TVCKRmDSwYEK2A6QIo5w0NNWMtGNJUBQw0goGl5nfuiNSUcFv9TAmXoR6nIYUI20kv3hQ81N+UhlBty/EQNJeXyMpxT2s+fwIulpk4BdLdtkeD5wHZwolMJ26X/xyuwInEeEaM6RUx7Fj7aVIaooZGRXcRJEY4QHqkY5BjiKivHScZgQPjdKFoZDmcA3H6u8bKYqUGkaB2YyQ7qtZLxP/8zqJDi+8lPI40YTjyUNhwqAJmVUDu1QSrNnQAMKSmr9C3EcSYW0KLJgSnNnI89CslJ3TcuXmrFS9epjUkQd7YB8cAwecgyq4BnXQABg8gmfwCt6sJ+vFerc+Jqs5a1rhLvgz1ucPGuibWw==</latexit>



Proof of Main Theorem 2: 
Totally symmetric sets



Totally symmetric sets

G = group 

                              is a totally symmetric 
set if 

• the xi commute pairwise, and 

• any permutation of X is achieved by conjugation in G 

Example. 

X = {x1, . . . , xk} ✓ G
<latexit sha1_base64="x82ZWp4gRrMtrTlb381umcZ50KI=">AAACCnicbVDLSgNBEJyN7/ha9ehlNAgeJOxGQS+CIKhHBaOB7LLMTjpmyOzDmV4xLAFvXvwVLx4U8eoXePNvnDwOmljQUFR190xXmEqh0XG+rcLE5NT0zOxccX5hcWnZXlm90kmmOFR5IhNVC5kGKWKookAJtVQBi0IJ12H7uOdf34HSIokvsZOCH7GbWDQFZ2ikwN6o0UPq5feBu+M1EtQ790Hb61JPZ6EGhFt6Gtglp+z0QceJOyQlMsR5YH+ZTTyLIEYumdZ110nRz5lCwSV0i16mIWW8zW6gbmjMItB+3j+lS7eM0qDNRJmKkfbV3xM5i7TuRKHpjBi29KjXE//z6hk2D/xcxGmGEPPBQ81MUkxoLxfaEAo4yo4hjCth/kp5iynG0aRXNCG4oyePk6tK2d0tVy72SkcnD4M4Zsk62STbxCX75IickXNSJZw8kmfySt6sJ+vFerc+Bq0FaxjhGvkD6/MHpTeaCQ==</latexit>

{�1,�3, . . . } ✓ Sn or Bn
<latexit sha1_base64="xkcW48H0VcK2OrXE7ROrXuaNDXo="></latexit>



Totally symmetric sets

G = group 

                              is a totally symmetric 
set if 

• the xi commute pairwise, and 

• any permutation of X is achieved by conjugation in G 

Example. 

X = {x1, . . . , xk} ✓ G
<latexit sha1_base64="x82ZWp4gRrMtrTlb381umcZ50KI=">AAACCnicbVDLSgNBEJyN7/ha9ehlNAgeJOxGQS+CIKhHBaOB7LLMTjpmyOzDmV4xLAFvXvwVLx4U8eoXePNvnDwOmljQUFR190xXmEqh0XG+rcLE5NT0zOxccX5hcWnZXlm90kmmOFR5IhNVC5kGKWKookAJtVQBi0IJ12H7uOdf34HSIokvsZOCH7GbWDQFZ2ikwN6o0UPq5feBu+M1EtQ790Hb61JPZ6EGhFt6Gtglp+z0QceJOyQlMsR5YH+ZTTyLIEYumdZ110nRz5lCwSV0i16mIWW8zW6gbmjMItB+3j+lS7eM0qDNRJmKkfbV3xM5i7TuRKHpjBi29KjXE//z6hk2D/xcxGmGEPPBQ81MUkxoLxfaEAo4yo4hjCth/kp5iynG0aRXNCG4oyePk6tK2d0tVy72SkcnD4M4Zsk62STbxCX75IickXNSJZw8kmfySt6sJ+vFerc+Bq0FaxjhGvkD6/MHpTeaCQ==</latexit>

{�1,�3, . . . } ✓ Sn or Bn
<latexit sha1_base64="xkcW48H0VcK2OrXE7ROrXuaNDXo="></latexit>



Totally symmetric sets

                               is a TSS if 
• the xi commute pairwise, and 

• any permutation of X is achieved by conjugation in G 

Fundamental Lemma. Under a homomorphism, 
X maps to a singleton or a TSS of size k.  

X = {x1, . . . , xk} ✓ G
<latexit sha1_base64="x82ZWp4gRrMtrTlb381umcZ50KI=">AAACCnicbVDLSgNBEJyN7/ha9ehlNAgeJOxGQS+CIKhHBaOB7LLMTjpmyOzDmV4xLAFvXvwVLx4U8eoXePNvnDwOmljQUFR190xXmEqh0XG+rcLE5NT0zOxccX5hcWnZXlm90kmmOFR5IhNVC5kGKWKookAJtVQBi0IJ12H7uOdf34HSIokvsZOCH7GbWDQFZ2ikwN6o0UPq5feBu+M1EtQ790Hb61JPZ6EGhFt6Gtglp+z0QceJOyQlMsR5YH+ZTTyLIEYumdZ110nRz5lCwSV0i16mIWW8zW6gbmjMItB+3j+lS7eM0qDNRJmKkfbV3xM5i7TuRKHpjBi29KjXE//z6hk2D/xcxGmGEPPBQ81MUkxoLxfaEAo4yo4hjCth/kp5iynG0aRXNCG4oyePk6tK2d0tVy72SkcnD4M4Zsk62STbxCX75IickXNSJZw8kmfySt6sJ+vFerc+Bq0FaxjhGvkD6/MHpTeaCQ==</latexit>



The TSS Blueprint
To classify maps               : 

1. Find a large TSS X={x1,...,xk} in G 

2. Classify all large TSSs in H 

3. If X maps to singleton, then                          
try to show the kernel is large  

4. Otherwise, try to show     is standard

⇢ : G ! H
<latexit sha1_base64="9ssgOv+bFO7G8yGAij633hxkDu8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0oKJ4CguYYwTwgu4bZyWwyZHZmmZlVwhLwM7x4UMSr/+LNv3HyOGhiQUNR1U13V5hwpo3rfjtLyyura+u5jfzm1vbObmFvv6FlqgitE8mlaoVYU84ErRtmOG0liuI45LQZDq7GfvOBKs2kuDPDhAYx7gkWMYKNle591ZfoEt0g30hU7RSKbsmdAC0Sb0aKMEOtU/jyu5KkMRWGcKx123MTE2RYGUY4HeX9VNMEkwHu0balAsdUB9nk6hE6tkoXRVLZEgZN1N8TGY61Hsah7Yyx6et5byz+57VTE10EGRNJaqgg00VRypF9cRwB6jJFieFDSzBRzN6KSB8rTIwNKm9D8OZfXiSNcsk7LZVvz4qV66dpHDk4hCM4AQ/OoQJVqEEdCCh4hld4cx6dF+fd+Zi2LjmzCA/gD5zPH6ptkbs=</latexit>

 <latexit sha1_base64="cYUR8iZAOZxQNqA1n3oDGUWYRbc=">AAAB73icbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DEgiMcI5gHJEmZne5Mhs7PrTK8QloDf4MWDIl79HW/+jZPHQRMLGoqqbrq7glQKg6777aysrq1vbBa2its7u3v7pYPDpkkyzaHBE5nodsAMSKGggQIltFMNLA4ktILh9cRvPYI2IlH3OErBj1lfiUhwhlZqdyWw0GDSK5XdijsFXSbenJTJHPVe6asbJjyLQSGXzJiO56bo50yj4BLGxW5mIGV8yPrQsVSxGIyfT+8d01OrhDRKtC2FdKr+nshZbMwoDmxnzHBgFr2J+J/XyTC68nOh0gxB8dmiKJMUEzp5noZCA0c5soRxLeytlA+YZhxtREUbgrf48jJpViveeaV6d1Gu3TzN4iiQY3JCzohHLkmN3JI6aRBOJHkmr+TNeXBenHfnY9a64swjPCJ/4Hz+AF/KkJo=</latexit>

⇢
<latexit sha1_base64="BESvZ/5RGXZdwC6aiLBQtcrbR/Y=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BQTxGMA9IljA7mU2GzGOZmRXCEvALvHhQxKs/5M2/cTbJQRMLGoqqbrq7ooQzY33/2yusrW9sbhW3Szu7e/sH5cOjllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsa3+R++5Fqw5R8sJOEhgIPJYsZwTaXenqk+uWKX/VnQKskWJAKLNDol796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTa7dYrOnDJAsdKupEUz9fdEhoUxExG5ToHtyCx7ufif101tfB1mTCappZLMF8UpR1ah/HE0YJoSyyeOYKKZuxWREdaYWBdPyYUQLL+8Slq1anBRrd1fVuq3T/M4inACp3AOAVxBHe6gAU0gMIJneIU3T3gv3rv3MW8teIsIj+EPvM8fSC6Ozw==</latexit>

hhx1x
�1
2 ii ✓ ker ⇢

<latexit sha1_base64="T7QZlmHNoXjb6I6yj1G+aWrvztg=">AAACKXicbVDLSgMxFM3UV62vqks3wSK4scxUQZcFQVxWsA/ojEMmvW1DM5kxyYhlKPg1bvwVNwqKuvVHTF+grQcu93DOvST3BDFnStv2p5VZWFxaXsmu5tbWNza38ts7NRUlkkKVRjySjYAo4ExAVTPNoRFLIGHAoR70zod+/Q6kYpG41v0YvJB0BGszSrSR/HzZ5UR0OOBpv/cdU6Wb9MgZYFdOzGlXSaBAwy12eyCN3I38fMEu2iPgeeJMSAFNUPHzr24rokkIQlNOlGo6dqy9lEjNKIdBzk0UxIT2SAeahgoSgvLS0aUDfGCUFm5H0pTQeKT+3khJqFQ/DMxkSHRXzXpD8T+vmej2mZcyEScaBB0/1E441hEexoZbTALVvG8IoZKZv2LaJZJQbcLNmRCc2ZPnSa1UdI6LpauTQvniYRxHFu2hfXSIHHSKyugSVVAVUfSIntEbereerBfrw/oaj2asSYS76A+s7x/MFabL</latexit>



Totally symmetric sets 
in Bn



Classifying TSSs in Bn

Canonical reduction system for a braid: 

Each complementary region is either 
periodic (=rotation) or irreducible. 

Birman–
Lubotzky–
McCarthy



Classifying TSSs in Bn

Canonical reduction system for a braid: 

Each complementary region is either 
periodic (=rotation) or irreducible. 

Fact.  Commuting         disjoint CRSs

Birman–
Lubotzky–
McCarthy

)
<latexit sha1_base64="uQ6JIkmaIvpML+fodUH7DuLRMng=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rFKv6ANZbPdtEs32bA7UUroz/DiQRGv/hpv/hu3bQ7a+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWUalmvMmUVLoTUMOliHkTBUreSTSnUSB5Oxjfzvz2I9dGqLiBk4T7ER3GIhSMopW6vQcxHCHVWj31S2W34s5BVomXkzLkqPdLX72BYmnEY2SSGtP13AT9jGoUTPJpsZcanlA2pkPetTSmETd+Nj95Ss6tMiCh0rZiJHP190RGI2MmUWA7I4ojs+zNxP+8borhjZ+JOEmRx2yxKEwlQUVm/5OB0JyhnFhCmRb2VsJGVFOGNqWiDcFbfnmVtKoV77JSvb8q1xp5HAU4hTO4AA+uoQZ3UIcmMFDwDK/w5qDz4rw7H4vWNSefOYE/cD5/AJfTkYM=</latexit>



Classifying TSSs in Bn

Combining canonical reduction systems: 

+
<latexit sha1_base64="azcmc6TBW7w8G4dxB54Afj1GxXc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBT0GBPGYgHlAsoTZSW8yZnZ2mZkVwhLw7sWDIl79JG/+jZPHQRMLGoqqbrq7gkRwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGNxO/+YhK81jem1GCfkT7koecUWOl2lm3WHLL7hRkmXhzUoI5qt3iV6cXszRCaZigWrc9NzF+RpXhTOC40Ek1JpQNaR/blkoaofaz6aFjcmKVHgljZUsaMlV/T2Q00noUBbYzomagF72J+J/XTk147WdcJqlByWaLwlQQE5PJ16THFTIjRpZQpri9lbABVZQZm03BhuAtvrxMGudl76J8XrssVW6fZnHk4QiO4RQ8uIIK3EEV6sAA4Rle4c15cF6cd+dj1ppz5hEewh84nz+aB403</latexit>

=<latexit sha1_base64="DQy9R41X7wwMdQwwRAIKdDfxTOk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EUICOIxAfOAZAmzk95kzOzsMjMrhCXg3YsHRbz6Sd78GyePgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85iMqzWN5b0YJ+hHtSx5yRo2VatfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZRL3nmpXLsoVm6fZnHk4BhO4Aw8uIQK3EEV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8AtU+NSQ==</latexit>



Classifying TSSs in Bn

Canonical reduction system functor: 

Totally symmetric set      Totally symmetric                   
                                  labeled multicurve 

Symmetry: any relabeling induced by      
can be realized by a homeo. 

⌃k
<latexit sha1_base64="UCVMo2K+Zs79RUfhnNI9Ydu4zNA=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjNR0GNAEI8RzQLJEHo6PUmTXsbuHiEMAb/BiwdFvPo73vwbO8tBEx8UPN6roqpelHBmrO9/e7mV1bX1jfxmYWt7Z3evuH/QMCrVhNaJ4kq3ImwoZ5LWLbOcthJNsYg4bUbDq4nffKTaMCXv7SihocB9yWJGsHVSq3PH+gJ3h91iyS/7U6BlEsxJCeaodYtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NCJzU0wWSI+7TtqMSCmjCb3jtGJ07poVhpV9Kiqfp7IsPCmJGIXKfAdmAWvYn4n9dObXwZZkwmqaWSzBbFKUdWocnzqMc0JZaPHMFEM3crIgOsMbEuooILIVh8eZk0KuXgrFy5PS9Vr59mceThCI7hFAK4gCrcQA3qQIDDM7zCm/fgvXjv3sesNefNIzyEP/A+fwAU/pBp</latexit>



Examples and non-examples of  
totally symmetric labeled multicurves

1 2 3 {2,3} {1,3} {1,2}



From totally symmetric labeled 
multicurves to braids

1 2 3



The TSS Blueprint
To classify maps                   : 

1.                        is a TSS in Bn 

2. We classify all large TSSs in Bn 

3. If X maps to singleton,                               
so    cyclic 

4. Otherwise,     is equivalent to the identity

⇢
<latexit sha1_base64="BESvZ/5RGXZdwC6aiLBQtcrbR/Y=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BQTxGMA9IljA7mU2GzGOZmRXCEvALvHhQxKs/5M2/cTbJQRMLGoqqbrq7ooQzY33/2yusrW9sbhW3Szu7e/sH5cOjllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsa3+R++5Fqw5R8sJOEhgIPJYsZwTaXenqk+uWKX/VnQKskWJAKLNDol796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTa7dYrOnDJAsdKupEUz9fdEhoUxExG5ToHtyCx7ufif101tfB1mTCappZLMF8UpR1ah/HE0YJoSyyeOYKKZuxWREdaYWBdPyYUQLL+8Slq1anBRrd1fVuq3T/M4inACp3AOAVxBHe6gAU0gMIJneIU3T3gv3rv3MW8teIsIj+EPvM8fSC6Ozw==</latexit>

 <latexit sha1_base64="cYUR8iZAOZxQNqA1n3oDGUWYRbc=">AAAB73icbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DEgiMcI5gHJEmZne5Mhs7PrTK8QloDf4MWDIl79HW/+jZPHQRMLGoqqbrq7glQKg6777aysrq1vbBa2its7u3v7pYPDpkkyzaHBE5nodsAMSKGggQIltFMNLA4ktILh9cRvPYI2IlH3OErBj1lfiUhwhlZqdyWw0GDSK5XdijsFXSbenJTJHPVe6asbJjyLQSGXzJiO56bo50yj4BLGxW5mIGV8yPrQsVSxGIyfT+8d01OrhDRKtC2FdKr+nshZbMwoDmxnzHBgFr2J+J/XyTC68nOh0gxB8dmiKJMUEzp5noZCA0c5soRxLeytlA+YZhxtREUbgrf48jJpViveeaV6d1Gu3TzN4iiQY3JCzohHLkmN3JI6aRBOJHkmr+TNeXBenHfnY9a64swjPCJ/4Hz+AF/KkJo=</latexit>

⇢
<latexit sha1_base64="BESvZ/5RGXZdwC6aiLBQtcrbR/Y=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BQTxGMA9IljA7mU2GzGOZmRXCEvALvHhQxKs/5M2/cTbJQRMLGoqqbrq7ooQzY33/2yusrW9sbhW3Szu7e/sH5cOjllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsa3+R++5Fqw5R8sJOEhgIPJYsZwTaXenqk+uWKX/VnQKskWJAKLNDol796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTa7dYrOnDJAsdKupEUz9fdEhoUxExG5ToHtyCx7ufif101tfB1mTCappZLMF8UpR1ah/HE0YJoSyyeOYKKZuxWREdaYWBdPyYUQLL+8Slq1anBRrd1fVuq3T/M4inACp3AOAVxBHe6gAU0gMIJneIU3T3gv3rv3MW8teIsIj+EPvM8fSC6Ozw==</latexit>

⇢ : Bn ! Bn
<latexit sha1_base64="4lHbq0MTrgBakDE/f5jweIWWabc=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNVUFwVBXFZwT6gMwyZNG1DM8mQZAplKPghblwo4tY/ceffmD4W2nrgcg/n3JB7T5xypo3nfTsrq2vrG5uFreL2zu7evntw2NAyU4TWieRStWKsKWeC1g0znLZSRXESc9qMB7cTvzmkSjMpHs0opWGCe4J1GcHGSpHrBqovr28igQIjke2RW/LK3hRomfhzUoI5apH7FXQkyRIqDOFY67bvpSbMsTKMcDouBpmmKSYD3KNtSwVOqA7z6eZjdGqVDupKZUsYNFV/v8hxovUoie1kgk1fL3oT8T+vnZnuVZgzkWaGCjL7qJtxZI+cxIA6TFFi+MgSTBSzuyLSxwoTY8Mq2hD8xZOXSaNS9s/LlYeLUvXuaRZHAY7hBM7Ah0uowj3UoA4EhvAMr/Dm5M6L8+58zEZXnHmER/AHzucPdbKTTw==</latexit>

{�1,�3, . . . , . . . }
<latexit sha1_base64="ittVfNcfI9PPRobtE7wr6VAP/qY=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiuChlphV0WRDEZQV7gc4wZNK0DU0yQ5IRylBw6cZXceNCEbe+gDvfxrQzC209kPDx/+eQnD+MGVXacb6twtr6xuZWcbu0s7u3f2AfHnVUlEhM2jhikeyFSBFGBWlrqhnpxZIgHjLSDSdXc797T6SikbjT05j4HI0EHVKMtJECu+ylnqIjjgK3mkOj6g0irbLbm8HArjg1Z1FwFdwcKiCvVmB/mVGccCI0ZkipvuvE2k+R1BQzMit5iSIxwhM0In2DAnGi/HSxywyeGmUAh5E0R2i4UH9PpIgrNeWh6eRIj9WyNxf/8/qJHl76KRVxoonA2UPDhEEdwXkwcEAlwZpNDSAsqfkrxGMkEdYmvpIJwV1eeRU69ZrbqNVvzyvN64csjiI4AWVwBlxwAZrgBrRAG2DwCJ7BK3iznqwX6936yFoLVh7hMfhT1ucPVhCbAw==</latexit>

B0
n = hh�1�

�1
3 ii ✓ ker ⇢

<latexit sha1_base64="CvT4EeueR4Os3Exp8em2tKvV3y4="></latexit>



Other results on 
totally symmetric sets



Other results about TSS's

Chen–Mukherjea '20. Classification of maps 
from Bn to Mod(Sg) for g < n-2. 

Li–Partin '19. Classifications of large TSS's in 
free groups, dihedral groups, solvable groups, 
direct products, free products, etc.

cf. Birman–Hilden



Other results about TSS's

Caplinger–Salter '22. TSS's in              

Caplinger '22. New understanding of  

Uses the TSS:  

GLn(Z).
<latexit sha1_base64="jtu8TRDbHIlqEa3VrEaCHI4mmvo=">AAACA3icbVDLSgNBEJz1GeNr1ZteBoMQL8tuFPQYENSDhwjmgUlYZieTZMjs7DLTK4YlkIu/4sWDIl79CW/+jZPHQRMLGoqqbrq7glhwDa77bS0sLi2vrGbWsusbm1vb9s5uRUeJoqxMIxGpWkA0E1yyMnAQrBYrRsJAsGrQuxj51QemNI/kHfRj1gxJR/I2pwSM5Nv7DWCPoML06mbgy3wjJNANgvR+cOz4ds513DHwPPGmJIemKPn2V6MV0SRkEqggWtc9N4ZmShRwKtgg20g0iwntkQ6rGypJyHQzHf8wwEdGaeF2pExJwGP190RKQq37YWA6RzfqWW8k/ufVE2ifN1Mu4wSYpJNF7URgiPAoENziilEQfUMIVdzcimmXKELBxJY1IXizL8+TSsHxTpzC7WmueDmcxJFBB+gQ5ZGHzlARXaMSKiOKhugZvaI368l6sd6tj0nrgjWNcA/9gfX5AwY9mCo=</latexit>

Aut(Sn)
<latexit sha1_base64="tyqGgeflOuKUoR2MuDmcRu5cXq4=">AAAB+nicbZBLSwMxFIUz9VXra6pLN4NFqJsyUwVdVgRxWdE+oB2GTJq2oUlmSO6oZSz4R9y4UMStv8Sd/8b0sdDWA4GPc27IzQljzjS47reVWVpeWV3Lruc2Nre2d+z8bl1HiSK0RiIeqWaINeVM0how4LQZK4pFyGkjHFyM88YdVZpF8haGMfUF7knWZQSDsQI73wb6AEqk5wmMijeBPArsgltyJ3IWwZtBAc1UDeyvdiciiaASCMdatzw3Bj/FChjhdJRrJ5rGmAxwj7YMSiyo9tPJ6iPn0DgdpxspcyQ4E/f3jRQLrYciNJMCQ1/PZ2Pzv6yVQPfMT5mME6CSTB/qJtyByBn34HSYogT40AAmipldHdLHChMwbeVMCd78lxehXi55x6Xy9Umhcvk0rSOL9tEBKiIPnaIKukJVVEME3aNn9IrerEfrxXq3PqajGWtW4R76I+vzB0/LlHA=</latexit>

{(1 i)}
<latexit sha1_base64="DtXoVc+ezS4tOrvJI9qz5ecC5FU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoMCOIxgknE7BJmJ5NkyOzsMtMrhCXgR3jxoIhX/8abf+PkcdDEgoaiqpvurjCRwqDrfju5ldW19Y38ZmFre2d3r7h/0DRxqhlvsFjG+j6khkuheAMFSn6faE6jUPJWOLya+K1Hro2I1R2OEh5EtK9ETzCKVnrws7LnE3HqjzvFkltxpyDLxJuTEsxR7xS//G7M0ogrZJIa0/bcBIOMahRM8nHBTw1PKBvSPm9bqmjETZBNLx6TE6t0SS/WthSSqfp7IqORMaMotJ0RxYFZ9Cbif147xd5lkAmVpMgVmy3qpZJgTCbvk67QnKEcWUKZFvZWwgZUU4Y2pIINwVt8eZk0qxXvrFK9PS/Vrp9mceThCI6hDB5cQA1uoA4NYKDgGV7hzTHOi/PufMxac848wkP4A+fzB2HkkH0=</latexit>

Friday!



Other results about TSS's
Conj.  The smallest non-cyclic quotient of Bn is Sn. 

Chudnovsky–Kordek–Li–Partin '19. A finite non-cyclic 
quotient of Bn has cardinality at least 

Verberne–Scherich '20. Improved bound: 

Caplinger–Kordek '20. Conjecture true for n=5,6.

2bn/2c�1(bn/2c)!
<latexit sha1_base64="ksav+zFsC+4/rB5ToXjKkiMA4Iw=">AAACGHicbZBLSwMxFIUz9VXrq+rSTbQIdWE7Mwq6LAjisoJ9QGcsmTTThmaSIckIZSj4J9z4V9y4UMRtd/4b08dC257Vxzk35N4TxIwqbds/VmZldW19I7uZ29re2d3L7x/UlUgkJjUsmJDNACnCKCc1TTUjzVgSFAWMNIL+zThvPBGpqOAPehATP0JdTkOKkTZWO192H1OPhUwICXnZhZ6c8LkzLC6xz47b+YJdsieCi+DMoABmqrbzI68jcBIRrjFDSrUcO9Z+iqSmmJFhzksUiRHuoy5pGeQoIspPJ4cN4alxOjA0S4SCazhx/75IUaTUIArMZIR0T81nY3NZ1kp0eO2nlMeJJhxPPwoTBrWA45Zgh0qCNRsYQFhSsyvEPSQR1qbLnCnBmT95EepuybkoufeXhcrt87SOLDgCJ6AIHHAFKuAOVEENYPAC3sAH+LRerXfry/qejmasWYWH4J+s0S96gp8z</latexit>

3bn/2c�1(bn/2c)! + dn/2e2
<latexit sha1_base64="MFDt/zWZRuZDUIekzuhhBv+xSYs=">AAACLnicbZBLSwMxFIUz9VXrq+rSTbQIFbHOTAVdFkRxWcE+oNOWTJqxoZlkSDJCGQr+Hzf+FV0IKuLWn2H6WGjbs/o454bce/yIUaVt+91KLSwuLa+kVzNr6xubW9ntnaoSscSkggUTsu4jRRjlpKKpZqQeSYJCn5Ga37sc5rUHIhUV/E73I9IM0T2nAcVIG6udvSq2Eo8FTAgJ+akLPTniE2eQn2Mf7cNj6DFMKJvYQ2y57WzOLtgjwVlwJpADE5Xb2VevI3AcEq4xQ0o1HDvSzQRJTTEjg4wXKxIh3EP3pGGQo5CoZjI6dwAPjdOBgVktEFzDkfv3RYJCpfqhbyZDpLtqOhua87JGrIOLZkJ5FGvC8fijIGZQCzjsDnaoJFizvgGEJTW7QtxFEmFtGs6YEpzpk2eh6hacYsG9PcuVrh/HdaTBHjgAeeCAc1ACN6AMKgCDJ/ACPsCn9Wy9WV/W93g0ZU0q3AX/ZP38Ar5ypuo=</latexit>



Other results about TSS's
Conj.  The smallest non-cyclic quotient of Bn is Sn. 

Chudnovsky–Kordek–Li–Partin '19. A finite non-cyclic 
quotient of Bn has cardinality at least 

Verberne–Scherich '20. Improved bound: 

Caplinger–Kordek '20. Conjecture true for n=5,6.

2bn/2c�1(bn/2c)!
<latexit sha1_base64="ksav+zFsC+4/rB5ToXjKkiMA4Iw=">AAACGHicbZBLSwMxFIUz9VXrq+rSTbQIdWE7Mwq6LAjisoJ9QGcsmTTThmaSIckIZSj4J9z4V9y4UMRtd/4b08dC257Vxzk35N4TxIwqbds/VmZldW19I7uZ29re2d3L7x/UlUgkJjUsmJDNACnCKCc1TTUjzVgSFAWMNIL+zThvPBGpqOAPehATP0JdTkOKkTZWO192H1OPhUwICXnZhZ6c8LkzLC6xz47b+YJdsieCi+DMoABmqrbzI68jcBIRrjFDSrUcO9Z+iqSmmJFhzksUiRHuoy5pGeQoIspPJ4cN4alxOjA0S4SCazhx/75IUaTUIArMZIR0T81nY3NZ1kp0eO2nlMeJJhxPPwoTBrWA45Zgh0qCNRsYQFhSsyvEPSQR1qbLnCnBmT95EepuybkoufeXhcrt87SOLDgCJ6AIHHAFKuAOVEENYPAC3sAH+LRerXfry/qejmasWYWH4J+s0S96gp8z</latexit>

3bn/2c�1(bn/2c)! + dn/2e2
<latexit sha1_base64="MFDt/zWZRuZDUIekzuhhBv+xSYs=">AAACLnicbZBLSwMxFIUz9VXrq+rSTbQIFbHOTAVdFkRxWcE+oNOWTJqxoZlkSDJCGQr+Hzf+FV0IKuLWn2H6WGjbs/o454bce/yIUaVt+91KLSwuLa+kVzNr6xubW9ntnaoSscSkggUTsu4jRRjlpKKpZqQeSYJCn5Ga37sc5rUHIhUV/E73I9IM0T2nAcVIG6udvSq2Eo8FTAgJ+akLPTniE2eQn2Mf7cNj6DFMKJvYQ2y57WzOLtgjwVlwJpADE5Xb2VevI3AcEq4xQ0o1HDvSzQRJTTEjg4wXKxIh3EP3pGGQo5CoZjI6dwAPjdOBgVktEFzDkfv3RYJCpfqhbyZDpLtqOhua87JGrIOLZkJ5FGvC8fijIGZQCzjsDnaoJFizvgGEJTW7QtxFEmFtGs6YEpzpk2eh6hacYsG9PcuVrh/HdaTBHjgAeeCAc1ACN6AMKgCDJ/ACPsCn9Wy9WV/W93g0ZU0q3AX/ZP38Ar5ypuo=</latexit>



Other results about TSS's
Conj.  The smallest non-cyclic quotient of Bn is Sn. 

Chudnovsky–Kordek–Li–Partin '19. A finite non-cyclic 
quotient of Bn has cardinality at least 

Verberne–Scherich '20. Improved bound: 

Caplinger–Kordek '20. Conjecture true for n=5,6.

2bn/2c�1(bn/2c)!
<latexit sha1_base64="ksav+zFsC+4/rB5ToXjKkiMA4Iw=">AAACGHicbZBLSwMxFIUz9VXrq+rSTbQIdWE7Mwq6LAjisoJ9QGcsmTTThmaSIckIZSj4J9z4V9y4UMRtd/4b08dC257Vxzk35N4TxIwqbds/VmZldW19I7uZ29re2d3L7x/UlUgkJjUsmJDNACnCKCc1TTUjzVgSFAWMNIL+zThvPBGpqOAPehATP0JdTkOKkTZWO192H1OPhUwICXnZhZ6c8LkzLC6xz47b+YJdsieCi+DMoABmqrbzI68jcBIRrjFDSrUcO9Z+iqSmmJFhzksUiRHuoy5pGeQoIspPJ4cN4alxOjA0S4SCazhx/75IUaTUIArMZIR0T81nY3NZ1kp0eO2nlMeJJhxPPwoTBrWA45Zgh0qCNRsYQFhSsyvEPSQR1qbLnCnBmT95EepuybkoufeXhcrt87SOLDgCJ6AIHHAFKuAOVEENYPAC3sAH+LRerXfry/qejmasWYWH4J+s0S96gp8z</latexit>

3bn/2c�1(bn/2c)! + dn/2e2
<latexit sha1_base64="MFDt/zWZRuZDUIekzuhhBv+xSYs=">AAACLnicbZBLSwMxFIUz9VXrq+rSTbQIFbHOTAVdFkRxWcE+oNOWTJqxoZlkSDJCGQr+Hzf+FV0IKuLWn2H6WGjbs/o454bce/yIUaVt+91KLSwuLa+kVzNr6xubW9ntnaoSscSkggUTsu4jRRjlpKKpZqQeSYJCn5Ga37sc5rUHIhUV/E73I9IM0T2nAcVIG6udvSq2Eo8FTAgJ+akLPTniE2eQn2Mf7cNj6DFMKJvYQ2y57WzOLtgjwVlwJpADE5Xb2VevI3AcEq4xQ0o1HDvSzQRJTTEjg4wXKxIh3EP3pGGQo5CoZjI6dwAPjdOBgVktEFzDkfv3RYJCpfqhbyZDpLtqOhua87JGrIOLZkJ5FGvC8fijIGZQCzjsDnaoJFizvgGEJTW7QtxFEmFtGs6YEpzpk2eh6hacYsG9PcuVrh/HdaTBHjgAeeCAc1ACN6AMKgCDJ/ACPsCn9Wy9WV/W93g0ZU0q3AX/ZP38Ar5ypuo=</latexit>
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<latexit sha1_base64="ksav+zFsC+4/rB5ToXjKkiMA4Iw=">AAACGHicbZBLSwMxFIUz9VXrq+rSTbQIdWE7Mwq6LAjisoJ9QGcsmTTThmaSIckIZSj4J9z4V9y4UMRtd/4b08dC257Vxzk35N4TxIwqbds/VmZldW19I7uZ29re2d3L7x/UlUgkJjUsmJDNACnCKCc1TTUjzVgSFAWMNIL+zThvPBGpqOAPehATP0JdTkOKkTZWO192H1OPhUwICXnZhZ6c8LkzLC6xz47b+YJdsieCi+DMoABmqrbzI68jcBIRrjFDSrUcO9Z+iqSmmJFhzksUiRHuoy5pGeQoIspPJ4cN4alxOjA0S4SCazhx/75IUaTUIArMZIR0T81nY3NZ1kp0eO2nlMeJJhxPPwoTBrWA45Zgh0qCNRsYQFhSsyvEPSQR1qbLnCnBmT95EepuybkoufeXhcrt87SOLDgCJ6AIHHAFKuAOVEENYPAC3sAH+LRerXfry/qejmasWYWH4J+s0S96gp8z</latexit>

3bn/2c�1(bn/2c)! + dn/2e2
<latexit sha1_base64="MFDt/zWZRuZDUIekzuhhBv+xSYs=">AAACLnicbZBLSwMxFIUz9VXrq+rSTbQIFbHOTAVdFkRxWcE+oNOWTJqxoZlkSDJCGQr+Hzf+FV0IKuLWn2H6WGjbs/o454bce/yIUaVt+91KLSwuLa+kVzNr6xubW9ntnaoSscSkggUTsu4jRRjlpKKpZqQeSYJCn5Ga37sc5rUHIhUV/E73I9IM0T2nAcVIG6udvSq2Eo8FTAgJ+akLPTniE2eQn2Mf7cNj6DFMKJvYQ2y57WzOLtgjwVlwJpADE5Xb2VevI3AcEq4xQ0o1HDvSzQRJTTEjg4wXKxIh3EP3pGGQo5CoZjI6dwAPjdOBgVktEFzDkfv3RYJCpfqhbyZDpLtqOhua87JGrIOLZkJ5FGvC8fijIGZQCzjsDnaoJFizvgGEJTW7QtxFEmFtGs6YEpzpk2eh6hacYsG9PcuVrh/HdaTBHjgAeeCAc1ACN6AMKgCDJ/ACPsCn9Wy9WV/W93g0ZU0q3AX/ZP38Ar5ypuo=</latexit>
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2bn/2c�1(bn/2c)!
<latexit sha1_base64="ksav+zFsC+4/rB5ToXjKkiMA4Iw=">AAACGHicbZBLSwMxFIUz9VXrq+rSTbQIdWE7Mwq6LAjisoJ9QGcsmTTThmaSIckIZSj4J9z4V9y4UMRtd/4b08dC257Vxzk35N4TxIwqbds/VmZldW19I7uZ29re2d3L7x/UlUgkJjUsmJDNACnCKCc1TTUjzVgSFAWMNIL+zThvPBGpqOAPehATP0JdTkOKkTZWO192H1OPhUwICXnZhZ6c8LkzLC6xz47b+YJdsieCi+DMoABmqrbzI68jcBIRrjFDSrUcO9Z+iqSmmJFhzksUiRHuoy5pGeQoIspPJ4cN4alxOjA0S4SCazhx/75IUaTUIArMZIR0T81nY3NZ1kp0eO2nlMeJJhxPPwoTBrWA45Zgh0qCNRsYQFhSsyvEPSQR1qbLnCnBmT95EepuybkoufeXhcrt87SOLDgCJ6AIHHAFKuAOVEENYPAC3sAH+LRerXfry/qejmasWYWH4J+s0S96gp8z</latexit>

3bn/2c�1(bn/2c)! + dn/2e2
<latexit sha1_base64="MFDt/zWZRuZDUIekzuhhBv+xSYs=">AAACLnicbZBLSwMxFIUz9VXrq+rSTbQIFbHOTAVdFkRxWcE+oNOWTJqxoZlkSDJCGQr+Hzf+FV0IKuLWn2H6WGjbs/o454bce/yIUaVt+91KLSwuLa+kVzNr6xubW9ntnaoSscSkggUTsu4jRRjlpKKpZqQeSYJCn5Ga37sc5rUHIhUV/E73I9IM0T2nAcVIG6udvSq2Eo8FTAgJ+akLPTniE2eQn2Mf7cNj6DFMKJvYQ2y57WzOLtgjwVlwJpADE5Xb2VevI3AcEq4xQ0o1HDvSzQRJTTEjg4wXKxIh3EP3pGGQo5CoZjI6dwAPjdOBgVktEFzDkfv3RYJCpfqhbyZDpLtqOhua87JGrIOLZkJ5FGvC8fijIGZQCzjsDnaoJFizvgGEJTW7QtxFEmFtGs6YEpzpk2eh6hacYsG9PcuVrh/HdaTBHjgAeeCAc1ACN6AMKgCDJ/ACPsCn9Wy9WV/W93g0ZU0q3AX/ZP38Ar5ypuo=</latexit>



Other results about TSS's
Conj.  The smallest non-cyclic quotient of Bn is Sn. 

Chudnovsky–Kordek–Li–Partin '19. A finite non-
cyclic quotient of Bn has cardinality at least 

Verberne–Scherich '20. Improved bound: 

Caplinger–Kordek '20. Conjecture true for n=5,6. 

Kolay '21.  The conjecture is true.

2bn/2c�1(bn/2c)!
<latexit sha1_base64="ksav+zFsC+4/rB5ToXjKkiMA4Iw=">AAACGHicbZBLSwMxFIUz9VXrq+rSTbQIdWE7Mwq6LAjisoJ9QGcsmTTThmaSIckIZSj4J9z4V9y4UMRtd/4b08dC257Vxzk35N4TxIwqbds/VmZldW19I7uZ29re2d3L7x/UlUgkJjUsmJDNACnCKCc1TTUjzVgSFAWMNIL+zThvPBGpqOAPehATP0JdTkOKkTZWO192H1OPhUwICXnZhZ6c8LkzLC6xz47b+YJdsieCi+DMoABmqrbzI68jcBIRrjFDSrUcO9Z+iqSmmJFhzksUiRHuoy5pGeQoIspPJ4cN4alxOjA0S4SCazhx/75IUaTUIArMZIR0T81nY3NZ1kp0eO2nlMeJJhxPPwoTBrWA45Zgh0qCNRsYQFhSsyvEPSQR1qbLnCnBmT95EepuybkoufeXhcrt87SOLDgCJ6AIHHAFKuAOVEENYPAC3sAH+LRerXfry/qejmasWYWH4J+s0S96gp8z</latexit>

3bn/2c�1(bn/2c)! + dn/2e2
<latexit sha1_base64="MFDt/zWZRuZDUIekzuhhBv+xSYs=">AAACLnicbZBLSwMxFIUz9VXrq+rSTbQIFbHOTAVdFkRxWcE+oNOWTJqxoZlkSDJCGQr+Hzf+FV0IKuLWn2H6WGjbs/o454bce/yIUaVt+91KLSwuLa+kVzNr6xubW9ntnaoSscSkggUTsu4jRRjlpKKpZqQeSYJCn5Ga37sc5rUHIhUV/E73I9IM0T2nAcVIG6udvSq2Eo8FTAgJ+akLPTniE2eQn2Mf7cNj6DFMKJvYQ2y57WzOLtgjwVlwJpADE5Xb2VevI3AcEq4xQ0o1HDvSzQRJTTEjg4wXKxIh3EP3pGGQo5CoZjI6dwAPjdOBgVktEFzDkfv3RYJCpfqhbyZDpLtqOhua87JGrIOLZkJ5FGvC8fijIGZQCzjsDnaoJFizvgGEJTW7QtxFEmFtGs6YEpzpk2eh6hacYsG9PcuVrh/HdaTBHjgAeeCAc1ACN6AMKgCDJ/ACPsCn9Wy9WV/W93g0ZU0q3AX/ZP38Ar5ypuo=</latexit>



Kolay's proof
Theorem (Kolay '21).  The smallest non-cyclic 
quotient of Bn is Sn. 

Proof.  Induction on n.  The standard        
half-twists satisfy the fundamental lemma.   
Apply the orbit-stabilizer theorem to         
acting by conjugation on        .  Count: 

✓
n

2

◆

<latexit sha1_base64="zGtA1XIzs+nIYg6bIytVunx2vsM=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BQTxGMA/YhDA76U2GzM4sM71CCAF/wosHRbz6Nd78GyePgyYWNBRV3XR3RakUFn3/28utrW9sbuW3Czu7e/sHxcOjhtWZ4VDnWmrTipgFKRTUUaCEVmqAJZGEZjS8mfrNRzBWaPWAoxQ6CesrEQvO0Emhom0+0NoCrXSLJb/sz0BXSbAgJbJArVv8avc0zxJQyCWzNgz8FDtjZlBwCZNCO7OQMj5kfQgdVSwB2xnPTp7QM6f0aKyNK4V0pv6eGLPE2lESuc6E4cAue1PxPy/MML7ujIVKMwTF54viTFLUdPo/7QkDHOXIEcaNcLdSPmCGcXQpFVwIwfLLq6RRKQcX5cr9Zal6+zSPI09OyCk5JwG5IlVyR2qkTjjR5Jm8kjcPvRfv3fuYt+a8RYTH5A+8zx+IlZEt</latexit>

⇢(Bn)
<latexit sha1_base64="RWeuUkbzQU+yz1Bsp6qsKVF9n5g=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiDES5iJgh6DgniMYBZJhtDT6SRNehm6e4QwBPwHLx4U8ernePNv7CwHTXxQ8Hiviqp6UcyZsb7/7WVWVtfWN7Kbua3tnd29/P5B3ahEE1ojiivdjLChnElas8xy2ow1xSLitBENryd+45Fqw5S8t6OYhgL3Jesxgq2THtp6oIpXHXnayRf8kj8FWibBnBRgjmon/9XuKpIIKi3h2JhW4Mc2TLG2jHA6zrUTQ2NMhrhPW45KLKgJ0+nBY3TilC7qKe1KWjRVf0+kWBgzEpHrFNgOzKI3Ef/zWontXYYpk3FiqSSzRb2EI6vQ5HvUZZoSy0eOYKKZuxWRAdaYWJdRzoUQLL68TOrlUnBWKt+dFyo3T7M4snAEx1CEAC6gArdQhRoQEPAMr/Dmae/Fe/c+Zq0Zbx7hIfyB9/kDIUyQYQ==</latexit>

⇢(�1)
<latexit sha1_base64="ZWipyDzM/btC/qzH4R9Eu3CjxAc=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN4NFqJsyUwVdFgRxWcE+oDOWTJppQ/MYkoxShoI/w40LRdz6X9z5b0wfC209EPg454bcnChhVBvP+3ZyK6tr6xv5zcLW9s7uXnH/oKllqjBpYMmkakdIE0YFaRhqGGkniiAeMdKKhleTvPVAlKZS3JlRQkKO+oLGFCNjrftADWQ50LTPUdc/7RZLXsWbyl0Gfw4lmKveLX4FPYlTToTBDGnd8b3EhBlShmJGxoUg1SRBeIj6pGNRIE50mE23Hrsn1um5sVT2CONO3d83MsS1HvHITnJkBnoxm5j/ZZ3UxJdhRkWSGiLw7KE4Za6R7qQCt0cVwYaNLCCsqN3VxQOkEDa2qIItwV/88jI0qxX/rFK9PS/Vrp9mdeThCI6hDD5cQA1uoA4NwKDgGV7hzXl0Xpx352M2mnPmFR7CHzmfP9xckoE=</latexit>✓

n

2

◆
· 2 · (n� 2)!

<latexit sha1_base64="u4y7i/08lShUmmih55hFs8gzDco=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9gi1IVlZhR0WRDEZQV7gXYomUymDc0kQ5IRylBw6cZXceNCEbe+gDvfxrSdhVYPhHz8/zkk5w8SRpV2nC+rsLS8srpWXC9tbG5t79i7ey0lUolJEwsmZCdAijDKSVNTzUgnkQTFASPtYHQ59dt3RCoq+K0eJ8SP0YDTiGKkjdS3yxmHPTwUQhHoTQyGQkMvv6v8xDs+7NsVp+bMCv4FN4cKyKvRtz97ocBpTLjGDCnVdZ1E+xmSmmJGJqVeqkiC8AgNSNcgRzFRfjbbZQKPjBLCSEhzuIYz9edEhmKlxnFgOmOkh2rRm4r/ed1URxd+RnmSasLx/KEoZVALOA0GhlQSrNnYAMKSmr9CPEQSYW3iK5kQ3MWV/0LLq7mnNe/mrFK/up/HUQQHoAyqwAXnoA6uQQM0AQYP4Am8gFfr0Xq23qz3eWvByiPcB7/K+vgGkCqZOQ==</latexit>



Some directions



Some Directions

1. Expand the range further.  We 
conjecture that essentially all maps         
are reducible (iterated cablings). 

2. Restrict the domain further.  Are all 
maps              geometric when            is 
sufficiently rich? 

3. Investigate TSS's further.

Bn ! Bm
<latexit sha1_base64="PBbRK14MfOOiqzaU99GHvKGqApk=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNV0GWpIC4r2AdMhyGTZtrQTDIkd4QyFPwJNy4UcevXuPNvTB8LbT0QOJxzw73nRKngBlz32ymsrW9sbhW3Szu7e/sH5cOjtlGZpqxFlVC6GxHDBJesBRwE66aakSQSrBONbqZ+55Fpw5V8gHHKgoQMJI85JWAlvxFK3AOFG2ESlitu1Z0BrxJvQSpogWZY/ur1Fc0SJoEKYozvuSkEOdHAqWCTUi8zLCV0RAbMt1SShJkgn508wWdW6eNYafsk4Jn6+0dOEmPGSWQnEwJDs+xNxf88P4P4Osi5TDNgks4XxZnANuQ0P+5zzSiIsSWEam5vxXRINKFgWyrZErzlyKukXat6F9Xa/WWlfvs0r6OITtApOkceukJ1dIeaqIUoUugZvaI3B5wX5935mI8WnEWFx+gPnM8fVJyRDA==</latexit>

G ! Bm
<latexit sha1_base64="mtTJyQh7kjcNq+Fhp5uqSoDNU20=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuykwVdFkU1GUF+5B2KJk004YmmSHJCGUo+A9uXCji1s9x59+YPhbaeiBwOOeGe88JE8GN9bxvtLS8srq2ntvIb25t7+wW9vbrJk41ZTUai1g3Q2KY4IrVLLeCNRPNiAwFa4SDq7HfeGTa8Fjd22HCAkl6ikecEuukhxvctjG+7MhOoeiVvAnwIvFnpAgzVDuFr3Y3pqlkylJBjGn5XmKDjGjLqWCjfDs1LCF0QHqs5agikpkgmxw8wsdO6eIo1u4piyfq7x8ZkcYMZegmJbF9M++Nxf+8VmqjiyDjKkktU3S6KEoFdiHH6XGXa0atGDpCqObuVkz7RBNqXUd5V4I/H3mR1Msl/7RUvjsrVq6fpnXk4BCO4AR8OIcK3EIVakBBwjO8whvS6AW9o4/p6BKaVXgAf4A+fwDUUZAw</latexit>

G 6 Bn
<latexit sha1_base64="vOiRb0Qg7vvGNBwRCqeHCrPpq10=">AAAB+HicbVDLSgNBEOz1GeMjUY9eBoPgKexGQY9BQT1GMA9IljA76U2GzM6uM7NCDAH/w4sHRbz6Kd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7ZyG5ube/k8rt7NR2nimGVxSJWjYBqFFxi1XAjsJEopFEgsB70L8d+/QGV5rG8M4ME/Yh2JQ85o8ZK7XzumrQE3mtBpSEXbasU3KI7AVkk3owUYIZKO//V6sQsjVAaJqjWTc9NjD+kynAmcJRtpRoTyvq0i01LJY1Q+8PJ4SNyZJUOCWNly+6fqL8nhjTSehAFtjOipqfnvbH4n9dMTXjuD7lMUoOSTReFqSAmJuMUSIcrZEYMLKFMcXsrYT2qKDM2q6wNwZt/eZHUSkXvpFi6PS2Ur56mcWTgAA7hGDw4gzLcQAWqwCCFZ3iFN+fReXHenY9p65Izi3Af/sD5/AERJ5Mf</latexit>




