Big Surfaces

ere,

Big Surfaces There,
Big Surfaces Everywhere

Nicholas G. Vlamis

June 23, 2025



Opevxf/g g Stion !
COMPQC"’ SUMCQCQI



Opening Question

Ques*‘\-?ov\ (W\Onn )

Le’r S Le Q Compacfl- S’uvfaCe.



Opening Question

Quey\-?ov\ (W\Onn )

Le* S LQ Q (o MP&C’" Sauy Fa Ce.

DOQS *\’Lwe exist a 4ovs¥04-€ru CM"‘GLIQ

groop et Coes not act  Faithfolly on
S by L’)C)MO \Morp\f\«'SMf 'po\r'r\ Wi Se
Cixm3 oS ?



Opening Question

Quey\-?ov\ (W\Onn )

Le‘\‘ S LQ Q (o MP&C"" Say Fa Ce.

DOQS '\’Lwe exist & 4ovs¥0/u-€ru CM"‘GLIQ

3‘"00? ‘H"CA dOES [\_Cﬁ act Fo'rl'l/l‘/:u\\v on
S by L’)C‘)MO MOVP\’\"SMJ 'PO\\r'r\ Wi Se
C‘X*”? c)S ?

Qﬂ: yC’S 1 C1 cafe ?"MNV f}aiwm,,



Opening Question

I_\ON dﬂ@f 'H"'lﬁ \/Q\(‘,'\Q '\-e L'g QAV(GCﬁf?



Opening Question

,‘\ow c\oef ’HA"I vele e Ao LCVJ‘ &AV(acaf?

Lf\'f focut  on Speci\ Caife L= ]Da,
2|’m\nca_ an  Qnfluev Y Cﬂ"Se’H"'/z%
Lith addidional hygothesor, bud
QUO"A”"g e 2timer pregreeig.



Opening Question

T heorem (Cﬁleaai’" ay)

Le'\' G [)e Q Coum‘\aLla ?voup.
¥ & acke C0;+"'%‘|\0t o~ D such that
© Ha ackion it by T -Vowowmorplh' cms on 1o+ (D) | and
‘AxeB ). Gx AOW ¢
Han G ‘g C}c\:co\\l\} or Qv abla.



Opening Question

T heorem (Cﬁleaﬁf" ay)

Le'\' G [)e Q Couw‘\o\LLz ?Voup.
¥ G acts Co"'l"nq‘lbt o~ D such thot
* Ha ackion it by T -Vowowmorplh' cms on 1o+ (D) | and
*AxeB ). Gx AOW ¢
Han G 't c}c\?co\\l}l ordavable.
[ ".fom\r‘ylr‘c e fué?wup of
Homg,t ( §')



Opening Question

T heorem (Cﬁ\leadf" ay)

Pl e group.
T & acte Co?’r‘m\lxot o~ T* such thot
© Ha ackion it by T -Vowowmorplh' cms on 1o+ (D) | and
et e
Han G g C}c\-‘m\l}t ordavable.
[ 1SOmMCy ‘yL-‘c o .Cu(a;,wup of
Homg,t ( §')
ﬁr’ﬁ Om'elcls aw oLS‘-I-vuc"L"-u de o grop Occlw\ngt

o M i e alpe farhiy,.



Opening Question

T heorem (Cﬁleadf" ay)

]_e'\' G [)Q Q Coum‘\o\“a ?voup.
¥ & acke CQ"‘H""\HV. o~ D* such thot
" Mo ackion ot la} C? ~Wowmeowior ' §mS o {n'PUDa), and
*Axe® A Gx AOW ¢
Han G ‘g C}C\:C°‘“\0L or Qe abla.

Prguf rdon > 3 SES
{ > S G SN Eh )
Pl G G DR S el e a0,
Conder sot. Nou Preve K owmd MCG. ( D'\c)
61e  Cyclically ordergbl.




Opening Question

T heorem (Cﬁleadf" ay)

]_e'\' G [)Q Q Coum‘\o\“a ?voup.
¥ & acke CQ"‘H""\HV. o~ D* such thot
" Mo ackion ot la} C? ~owmeowior ' §mS o {n'PUDa), and
*Axe® A Gx AOW ¢
Han G ‘g c‘.}c\:ce\“\vl or Qv abl.

Prguf rdon > 3 SES
| et - —— e
wlxﬂ-VQ C CI‘n*C’D;) i c,f\-Lsr (M;Le evr G
Comiter ot Now, prevec i omd MCG. ( D*\c)
ore C,‘ac[ Cc«“&a\ ord,araélq fequwe&’ &




C@ MP\EE_ DBVPM;CS




Complex Dynamics
Mo )
Def (Shf¥ olyn

(.Q
p\ ‘ ’l‘ w n X
S\A‘ ’\)O\‘JV \O
.‘ \ D | S —— Q ’
PJ]HV\OM 0 SUC L) 'ILlG\& ?3 C \)
\7 Cvy "‘\ “CO‘ Pf/‘\" \'S C of P

l\mevev [a[? K.
22+ 0 |
6-6’{- :



Complex Dynamics
Dj (Sl’“(“\f PQ\'JV\QW\:O\)

A S\A‘f + ’\3‘2\‘6 V\OV\/\"O\\ I G  Com PLQ P
Po\amom-‘o\ P Such thet P” ()
\7[ crivical pemit C of P

68 2°+ 0 hinever [a[? .

De1c(_<:t\:ﬂ [OCUS” O)[ J-Q'*aV‘QQCL)
Sét? élgr\ﬂ_n d ghif+ ‘Polyl’)ov\/ﬂ@,‘,{‘g Aff:a

Cenyw ;Q.[ ‘o1




Complex Dynamics

Prc\olew\

uhéﬂ&"&ha\ f\Lx %Po\oaa of Sd.

( BO\U(’N Q- CQ\Q a.aw‘ - He- Kech - w&lkw)



DeF I/Lg\ ((\leé) RIAKY YQ’\: of o Pg‘tanom;ﬂl

P—

P Conplgts of the pontf xe€ & Cuch hort-

Poh (R‘) '_A Go.

e

h 5 %N Julic set of o 5L;f+ Fyly.mymml

—

1S a (anlo\r Set.



Complex Dynamics

g = (E \ MQV’&[LV&"‘
2" ek




Complex Dynamics

TLQ orem ( D euuéy'
\-\u'olocxvé)

SQ 1§ an

Gniu lus

S () ¢p>iz




=

(le dulia sote of ¥ (%)

[«
fle ¥it) \}&rv
Conti V\uwg\& W t-

S ae il
oy T, (Se) = M (i)
L"LQ\Q C 'S0 Coun\or Set.

C_"_‘ﬂj (Boward -G legaw"- He)

Soé ST Sec']ﬂ‘\la :

Complex Dynamics

( 2 ‘\um Ec.&k)

QE{QS‘LI'QV\ . \A)\40ﬂ‘l‘ r ¢ "'Ll |.M0g/2 J ¢d>




3 - man fold &




d-manifolds




[\/\ — 3-manifolds
AR

EL"L\ Up +o {awle cowovs, Hais s What Cloged
hyterbolic 3= moanifolés look [k (W/ T cleted, * o).



d-manifolds

Ev\é - ’(Der\'oc;"c. l’\ov"\c_o Movlol'\\'.s mds

Z : @P+B-P€ QUV'(‘OCL 3 F"n: lp.\\‘ Many ewcl'r/

no planer endsr

T?Ef #' 2> 2% X el\dfpe_r"aéfc f for eversy-
end e o 2  Hae existe an gpen
'\Q_;g‘nbor[’\wa A of e 2 -S:\:cl\ thort
ety J1°W) Lne vt o ;ﬁf (&) | we )
g V\e‘f?\»loovkooé berit & e




d-manifolds

Ev\é - ’(De_r\'oc;"c. l’\oMo Movpl'\\'J mds

A
:ﬁ €|né i Oer"Oé"Q /\/"./ - A 2
% 3 4&1,)
& , :l{h(ur\\ve
E>3 Vas o ;I‘o -/
SRR
Us ] &=
4] ’e
1 (U3)\\, e, %[,;\ <



d-manifolds

B CEh)
P ¢

I6E D G e 1 ev\éFewoé"c,
’H\}V) M:{ | § \!\OMQ) MOVPL\.‘_’& e ‘H\v. MLQV"bf
of o Com \OQC{ 3-mf|Q M:ﬁ : 0. M,

Q
‘
~
~

Ay,

=

(St W)



d-manifolds

//Lehe ore  Seveval h&*um\ S‘\'VU(‘J{U\VQS =
aSfweiolkd  do the  mpocdCoadia My

* A foligtion: i"?'tﬁ/ am




d-manifolds

//Lehe ore  Seveval V)er\'um\ S‘\'VU(‘J{U\VQS =
aSfweiolkd  do the  mpocdFoadia My

" A foliohion: i"?'tﬁ/ am
g ‘l\ flow transverfe % Y 2~ {1}




d-manifolds

(N\ AT 0(\;3@(’*“’%\

GV‘C\ = per\'o é"c l/\oMoMorp Im'&h!‘
< co-“l"-dm Sur-(c,m

. \

+ ot C\,Qp’l'l\ “Owe ()Q Qow&' ¥
Ca\ "O'L o O]C =2 & V"’CM’FA&]’
3 - M('A'):‘co\éf

CQh‘hﬂQ” = Counlc». 5% Fehlea_ > L@V\évgé "Mr\ns)(?_fflav]wl
r"e\é 3 KI'W\ = LQ'\/\\/I%/ = Lc\/l'n&



d-manifolds

PTO’L,QW\‘ ( CTGMA Scl/\: 5
rcv Q gRNV&\ oo - '\'*d pe mrfam Z_ OVA

===

i Rt ST

L\)l\"»"\ 2N M;)ﬁ \‘a pevLo\\'ca






Logic and Geometric Group Theory

S = oremtable curfacy
MCG}(S) )"GS" G VDJrum\ "\vpologca'v

E?‘**P R GO bl ik Compact - open
L:polo? Y ond 5 e MCG(S) = Homaeo(S) /Homc)o(f)
’f/@ ?ad(*"elﬂ’\' {vpo(o??.



Logic and Geometric Group Theory

S = oremtable curfacy
M(G(S) )"Gf G VU'\'UVC’A\ %Polog(a'v

E?C*EP R COI bl ik Compact - open
'lopd’c? Y ond g e MCG($) = Homeo(S) /How_c;o(f)
’IL/\Q ?ad(*"Q\ﬂ’\' {vpo(o??.

Map; are (lge f —\'Lca agres o Q ’Qrcd.g Com pact

Set-

> Soks o b o Uk?)}:Fl:’,}Uk:f;Ai wth
K C ~(\ Cawp(hc{- 8'W O neigl'\\owL\c,c\, Ioo:.[‘?,l‘ ot
the + bty



Logic and Geometric Group Theory

Bane. . o = 1
; 5P ,
( (> ¢ (a, (&%
\ 2
J, I )/3



Logic and Geometric Group Theory

T{ S iy wdyee, Pan MEG(S) is a
now-\oca\lv_ COMpOC_‘f nan—AfC‘A"W\L(_‘,OJMM Po).ls\’\ 3roup.

T A
basis £y 1 '{-UP”['ﬁ'
'léu&"’((} Com;ﬂ:"'? ¥y Sepwnlo(\
of gula?wvv; ond C’o“pr[}

mafeizobly



Logic and Geometric Group Theory

T( S iy whpe, MG(S) s a
non-\occ\lv_ comp act nan-Arc\A‘umé,wm Po)iSL 3raup.

Qﬂg&-\-*ov\

L\‘Q Motk other l-opolo7.'er e MCG(1) Hiot
moke |t q Pol;&‘('\ ?roop?



Logic and Geometric Group Theory

T6 S iy whype, MG(S) is a
f\ovv'\occ‘l\} comp aCt ncn-ArcL\‘qu_éy,em Po)is\\ graup.

Qgex-\-eov\

L\fQ Yo other JruwloT'e.(‘ e MCG(E) Hiot
make 1+ o Polich grocp”

' No, whnever MG(S) have ACP (Beshviner- Dot -0uf)

; ‘Aomo(m l/\ecs V) umis;ou_ Pal;!‘\/\ ?pr S-(-\ru('.*w-e_ (KQ“W‘W\‘



Logic and Geometric Group Theory

D_ef Le{‘ G Le < kpalogfcal ?{aup

- A cG ¢ Cgc\_r,r\ela_ boundad i the
A"ol\ﬁ.('\-er of 'C\ ' C Lowné,té 'n evev\a_ Cont-inyou s
‘QC‘\'- 7’\\/&‘('.09\" W\Q“T"c_ O G

G g C@ -}:.xu,ve\hé 'F r‘{' 1§ }zmrm"-@é éy_
O Caarsekv( bounded  Subset.




Logic and Geometric Group Theory

Djf Le'{' G Le < Epalogfcal ?{aup
€ A CG Ny Co&rfela_ L)OLAVIAAA f 'l'LQ
AI‘OM{'\QV o‘ L\ ' Low/\é)é '\ CV'QY\J_ Con’lﬂ'nuouf
‘e(‘\'~ 7’\\1&‘('.09\’\ N\Q“T"c_ O G

; G g C@-}i_m,vm\né 'F :+ Ky }zmmrl-eé é(\}
O CaarstvL bounded  Subset.

&Q,P(_Qosev\éol) Ll Cﬁ"yemmieé -ls?olo?r'cm( ?raoay Y,
Q Z‘OWOV\\'co\l” lof%-mvoriont metric aow‘poplfb(q Lorth
@it \vpaloax& and A IS guafi-ilovekric te He

WNord  maric Qgsocioled Jo ovy CB g,(mvo(‘\\rﬁ Sot .



Logic and Geometric Group Theory

T@@?¢ CB“}QMV@;LQé ?wupj Cans JQQ
(odid  vig Fhe hetheds  4f
Jeotetric gro-p +Laorv.



Logic and Geometric Group Theory

T@@?i CB“}QMV@;LQé ?wupj Cans JQQ
Modid  vig Fhe hetheds  4f
Feotnetric gro-p +Laorv.

T"‘_"’\(MOM"Q&F?) Clasgfreation  of CL-geparuted
b"a_ W‘opp\\ng_ clals ?fmff



Logic and Geometric Group Theory

Lew\wx& UK ¢ (9.




Logic and Geometric Group Theory

Ug o3k, L3 %f*ﬂ%w*zwiﬂ'ﬁ

for MG K)

(S G Cb j:emm‘l""l;t cot  for
M(&(S).

Pro!?llvv\ QQ le, ""l g.:..oMf\‘v"Q Mvay lonts a( MCG(S)
’Jb "\vpo)oa_?cd r)reper«{»inr of S QWQ\/OV
('}'UV ) ? revy Propnl"L ‘ol of MCC'I( S) ‘



Logic and Geometric Group Theory

/,-M (Bcsvcxvé + Mann~Lofi & SC\"OFFW'-CDLMA)
MCG( ]‘QA\CQ,,,'EV‘ Sh'l-) 1 S Gr@mw L?P?V'b”\’t'



Logic and Geometric Group Theory

/,-M (Bcsvcxvé + Mann~Lofi ¢ SC\"OFFW'-CDLMA)
MCG( ]‘QA\CQ,,,'EV‘ SZz*i-) 1 S Gr@mw Lyzpey-bdllt.

(V.- Tus holde ¢ Hs discrale sﬁwﬂ_)



Logic and Geometric Group Theory

/’-M (Bwavé + Mann—~Lofi ¢ Schoffor-Coluw )
MCG( fQA\CQ,,,'kr Stz'i') 1 S Gr@mou L?Perbd\/i‘_.

(\I. & T‘;"S Lw\é.(‘ 1¢ Hs dAiscre e SQ+J~M9_)
Clugshion - Wnck  pourkaat o s hyperbelity
™ FH« V)ov,—locc.llv_ Compe,c“ Sal-«lﬂ\ng_z-

COHA L\?ga;ly’]"c :"'H. obstruck Jrps QC«‘nn}
on R



C lOS'\/lg[ QuQS~\~"ow :
ﬂfdf\vwd”er ‘l/tw&



Closing question: Teichmuller theory

Qw.flfcv\ IS‘ f\'Lu-e /Wl/l&f4 Sl'la\./llcl L-Q
+L., omc.lo& > 4 C Pseuclo"/lnaéa\f l’lO}MQ)MqVL]fSh?

A c*o-"-ape SQ«HW??.




Closing question: Teichmuller theory

QU\&I«L{% IS‘ f\'Lu-e /Wl/l&4 _9140\.4’6 L-Q
Al ohc.lo& &£ ¢ pseuclo"/lnadab l’lO}MQ)MurVL}fSh?

R Q:-*Hpe SQHW%?.

Qc,u f«l e LL\N Ao, €></‘Sr(~|'\n% Cav;.s\-vuclrcvd
ovar ,&p / nlevoct?




Closing question: Teichmuller theory

Gruu.fi"cv\ IS r\‘Lu-e /L\)l/l&f’- S‘LIO\A’A LQ
({-LL Oh&lo& &£ ¢ Pseuclo"‘/lnasﬁ\/ L\O}Mqu’oqul'h?

iy c*o—'(-‘ape SQer??.

ch ffl e H-w de, €></‘Sr(-|\n<a Caw.s{-vuclfcvw
ovar I&p /| nlevoct?

).oxOC\yom.‘c isonalbviey of Teichwillo Spera

: l,axaévo\w\: i Sonatvies o Uaviau$ CUuVoe %mp\ﬂ‘
|l o0 pav - Tharsbon - Vaach condbrctians

: A-\-aroiéo\\ Qhé"pér"aéfc_ vawp\/\-‘wf\)

: “‘T’ L/ M.,Ji ‘/lapqvloo"t



)' Gmciqs [



