SHADOWS OF FINITE (GROUPS




c]e.‘|'M¢0}
Mok, (F7) |
Gla(q) := {M 3



The Fnifé. general linear gfoup Gla(9)
Gl_n(cﬂ = {M € MOknxn(qu-) ] C]e.‘l‘M;£0}

—lg W"\a.l‘ exiénd. GJLn(q) 1S \\3eneric." Wi“’\ r‘e.sPed' I’o ci ?



The Fniré, generoi linear 9rovp GLn(q)
Gla(q) = § ME Mok, () | detMyo |
—l:J- W"Ial‘ exiénd. GJLn(cD 1S \\391]0!{0” Wi“’\ r‘e.sF:ed' l’o ci ?

nn-l)
cotder | Gl(g) - g% @G0 (g-1)



The Fniré, generol linear 9rovp GLn(q)
Gla(q) = § ME Mok, () | detMyo |
—lg W"\al‘ exiénd. GJLn(q) 1S \\3eneric." Wi“’\ r‘e.sPed' l’o (1 ?

nn-l)
. O&r IGLn(q)J = ci—{r (qn—l)(c’n-'-l)--- (q_l) Po]jnomioL inq



The Fniré, generol linear 9rovp C‘JLn(Cﬂ
Gla(q) = § ME Mok, () | detMyo |
—l:J' W"Ial‘ exiénd, GJLn(cD 1S “Sene_n‘c" WiH’\ r‘e.sF:ecJ' l’o ci ?

nn-l)
. O&r IGLn(q)J = ci—{z— (qn—l)(c’n-'-l)--- (q_l) PoljmmioL inc'

o (1 emoA.lcaHe_ SUE)SADUJD__S
T

9. n
. ﬁ:—x)
| \ &

ﬂ:qnx = GL'( (?“) e C:tl_n(q)




The Fni,'é, generol linear 9rovp C‘JLn(Cﬂ
Gla(q) = § ME Mok, () | detMyo |
—l:J' W"Ia.l‘ exiénd, GJLn(cD 1S \\3ene_ric," Wi“’\ r‘e.sF:ecJ' l’o ci ?

nn-l)
. Oﬂr IGLn(q)J = ci—{z— (qn—l)(c’n-'-l)--- (q_l) PoljmmioL inc'

o (¢ emcu_lcab\e_ SUE)SADUJD__S

~ X oS Order -
Rl 7

ﬁ:qnx - GL,((?") . C;Ln(q) has otder q"-l



The Fni,'é, generol linear 9rovp C‘JLn(Cﬂ
Gla(q) = § ME Mok, () | detMyo |
—l:J' W"Ia.l‘ ijénd, GJLn(cD 1S \\Sene_n‘c" Wi“’\ r‘e.sF:ecJ' l’o ci ?

nn-l)
. O&( IGLn(q)J = ci—{z— (qn—l)(c’n-'-l)--- (q_l) PoljmmioL inc'

o (¢ emcu_lcab\e_ SUE)SADUJD__S

~ X oS Order -
Rl 7

ﬁ:qnx - GL,((?") . C;Ln(q) has otder q"-l

Morejeﬂmlb GLn,(qd')x---x GL,, (qd')



The Fniré, generol linear 9rovp GLn(q)
Gla(q) = § ME Mok, () | detMyo |
—l:J- W"Ial‘ exiénd. GJLn(q) 1S \\3ene_ric." Wi“’\ r‘e.sF:ed' l’o ci ?

nn-l)
. O&r IGLn(q)J = cf—{z— (qn—l)(c’n-'-l)--- (q_l) PoljmmioL inc'

o (¢ emcu_lcab\e_ SUE)SADUJD__S

~ X oS Order -
Rl 7

all divide |Gl,(q))

lunomial s
) ) ap Po\jnom:
ﬁ:qn =GL'((?") e C:tl_,,(q) has otder q-l

Morej@\mlb GLn,(qd')x---x GL,, (ﬂdr)



The Fniré, generoi linear 9rovp GLn(q)
Gla(q) = § ME Mok, () | detMyo |
—l:J- W"Ial‘ exiénd. GJLn(cD 1S \\391]0!{0” Wi“’\ r‘e.sF:ed' l’o ci ?

. L&iFoiéni- repesznhﬁms / chataclun




The Fniré, generol linear 9rovp C‘JLn(Cﬂ
Gla(q) = § ME Mok, () | detMyo |
—l:J' W"Ial‘ exiénd, GJLn(cD 1S “Sene_n‘c" WiH’\ r‘e.sF:ecJ' l’o ci ?

. L&iFoiéni- repesznhﬁms / chataclun

Uch ( GL.( — tilions
( 2)3 <—'O{PQLA_€E>) -2N 20 )

with Z>




The Fni,'é, generol linear 9rovp C‘JLn(Cﬂ
Gla(q) = § ME Mok, () | detMyo |
—l:J' W"Ia.l‘ exiénd, GJLn(cD 1S \\3ene_ric," Wi“’\ r‘e.sF:ecJ' l’o ci ?

. L&iFoiéni- repesznhﬁms / chataclun

Uch ( GL.( — tilions
( 2)3 <—'{PQLA_€E>} -2N 20 )

6’\(0 (dl}nm@;r'|'he NL’J) divides Gl—n(ﬂ) as QFobnomiaL



The Fni,'é, generol linear 9rovp C‘JLn(Cﬂ
Gla(q) = § ME Mok, () | detMyo |
—l:J' W"Ia.l‘ ijénd, GJLn(cD 1S \\Sene_n‘c" Wi“’\ r‘e.sF:ecJ' l’o ci ?

. L&iFoi'eM- repesznhﬁms / chataclun

Uch ( GL.( — tilions
( 2)3 <—'{PQLA_€E>} -2N 20 )

6’\(0 (dl}nm@;r'|'he M.’J) divides Gl—n(ﬂ) as QFobnomiaL

Q__.L;}): FQ( n=3 dim€(3)= | / chm €(|s)= qs , dimc(m)= q(q-rl)



c]e.‘|'M¢0}
Mok, (F7) |
Gla(q) := {M 3



The Fniré, generol linear 9rovp GLn(q)
GLn(CO = {M € MOknxn(qu-) ] Cle.‘l‘M;£0}

What wntels these data 7



The Fnifé. general linear gfoup Gla(9)
Gl_n(cﬂ = {M € MOknxn(qu-) ] C]e.‘l‘M;£0}

What wntrels 'I‘I'\e*:e_d.aﬁa_.? _”10, fﬂmme‘l'hc\aw}z (Yn Q Zn



The Fniré, generoi linear 9rovp Gl (q)
GLn(CO = { M QMOknxn(qu-) ] C]e.‘l‘M;£0}
What wntrels “’\ev_d.aia_.? T_}\Q, fﬂmme+énc34m): (Yn Q Zn

nn-l)
. O&r IGLn(q)J = cf—{r (qn—l)(c’n-'-l)--- (q_l) PoljmmioL inc'



The Fniré, generoi linear 9rovp GLn(q)
GLn(CO = {M € MOknxn(qu-) ] C]e.‘l‘M;£0}

What wntrels “’\ev_d.aia_.? T_}\Q, fﬂmme+énc34m): (Yn Q Zn

nn-ﬂ
. O&r IGLn(q)J = cf-{r (qn—l)(c’n-'-l)--- (q_l) PoljmmioL inc'

h(i—l) - numl:p,q_f ‘l‘fdnSf)DSIITOQS in ér\

&



The Fniré, generol linear 9rovp Gl (q)
GLn(CO = { M QMOknxn(qu-) ] Cle.‘l‘M;£0}
What wntrels “’\ev_d.ata_? T}\Q, fﬂmme+énc34m)> (Sn Q Zn

nn-l)
. O&r IGLn(q)J = ci—{z_ (qn—l)(c’n-'-l)--- (q1-|) Po\ljnomio‘, inc'

h(L—I) - num‘:p,q_f 'l‘fdnS)DOSIITOQS in ér\

&

non-lo,2, 0 = d@jm ﬁ)domenbiﬂ &jm. l:l;nch'm



The Fniré, generol linear 9rovp C‘JLn(Cﬂ
GLn(CO = {M € MOknxn(qu-) ] Cle.‘l‘M;£0}

What wntrels “’\ev_d.aka_.? T-]WQ, fﬂmme+é|c34m)> (Sn Q Zn

nn-l)
. O&r IGLn(q)J = ci—{z— (qn—l)(c’n-'-l)--- (q_l) PoljmmioL inc'

h(L—I) - num‘:p,q_f 'l‘fdnS)DOSIITOQS in ér\

&

non-lo,2, 1 = d@jm ﬁ)domenbuj &jm. l:l;nch'm
&,
Cla ] " Cle,, o] with o= 2 o a

J ) .
(& 5 J



The Fni,'é, generol linear 9rovp C‘JLn(Cﬂ
GLn(CO = {M € MOknxn(qu-) l de+M;£O}

What wntrels 'I'I’\e*:e.d.aia_.? T-]WQ, fjmme+é|c34m)> (Sn Q Zn

nn-l)
. Oﬂr IGLn(q)J = ci—{z— (qn—l)(c’n-'-l)--- (q_l) PoljmmioL inc'

h(L—I) - num‘:gq_f '|TdnS)DOS|ITOﬂ§ in ér\

&

non-lo,2, 1 = d@jm ﬁ)domenbuj &jm. l:l;nch'm
&,
Cla ] " Cle,, o] with o= 2 o a

J ) .
(& 5 J

| GL.(9)]

e &
Q-l)" 9=

=>




The Fniré, generol linear 9rovp Gl (q)
GLn(CO = { M QMOknxn(qu-) ] Cle.‘l‘M;£0}
What wntrels “’\ev_d.ata_? T}\Q, fﬂmme+énc34m)> (Sn Q Zn

o (¢ emm.lcab\e_ S"Ii’ﬂ"DUP—S

S

_ « (F5*) has order (g-1)"
o E )

[Fqnx - GL,((T‘) s GLn(q) has otder q"-l



The Fniré, generol linear 9rovp Gl (‘ﬂ
GLn(CO = { M QMOknxn(qu-) ] Cle.‘l‘M;£0}
What wntrels “’\ev_d.aka_.? T-]WQ, fﬂmme+é|c34m)> (Sn Q Zn

o (¢ emm.lmb\e_ S"Ii’ﬂ"DUP—S

S

_ « (F5*) has order (g-1)"
o E )

[Fqnx _ G'—n(q") s C:tL,,(q) ho._s__gtder ‘1“-]
£
Consider the Olﬂebraic_ fows - 1 lﬁqfx)

ﬂ_Tq)‘




The Fni,'é, generol linear 9rovp Gl (‘ﬂ
GLn(CO = { M QMOknxn(qu-) l de+M;£O}
What wntrels 'I'I’\e*:e.d.aia_.? T-]WQ, fjmme+é|c34m)> (Sn Q Zn

o (¢ emm.lmb\e_ su|:\>94:ouj>_s

S

~ (H:%x)n l’\o.s order (c]-l)n

. e |
[Fqnx - GL,((T‘) s GL,,(q) has otder q"-l

ﬂ:
Consider the al\gebrauc_ fows T l QF

+ Tobenivs endomozp"\;sm F- (I:, /E)|—> ({:“ )l;‘1>



The Fniré, generol linear 9rovp Gl (‘ﬂ
GLn(CO = { M QMOknxn(qu-) ] Cle.‘l‘M;£0}
What wntrels “’\ev_d.aka_.? T-]WQ, fﬂmme+é|c34m)> (Sn Q Zn

o (¢ emm.lmb\e_ S"Ii’ﬂ"DUP—S

S

S (ﬁ:c;x)n has order (cy-l)n ~ I

Fq

[Fqnx - GL,((T‘) s GL,,(q) has otder q"-l

ﬂ:
Consider the al\gebrauc_ fows T l QF

+ Tobenivs endomozp"\;sm F- (I:, /E)|—> ({:“ )l;‘1>



The Fniré, generol linear 9rovp Gl (‘ﬂ
GLn(CO = { M QMOknxn(qu-) ] Cle.‘l‘M;£0}
What wntrels “’\ev_d.aka_.? T-]WQ, fﬂmme+é|c34m)> (Sn Q Zn

o (1 emm_lmb\e_ sulzzgmu P_s_

S

S (ﬁ:%x)n has order (cy-l)n ~ I

Fq

(1) F

n'_qqx : GL,((?“) > GJLn(q) hO.S Qtd@f qn_, . —"—

ﬂ:
Consider the al\gebrauc_ fows T l QF

+ Tobenivs endomozp"\;sm F- (I:, /E)|—> ({:“ )l;‘1>



The Fniré, generol linear 9rovp GLn(q)
Gl_n(cﬂ = {M € MOknxn(qu-) ] C]e.‘l‘M;£0}

What wntrels 'I‘I’\e*:e_d.aﬁa_.? ‘T}\Q fﬂmme+é|c34w): (Yn Q Zn

=> 32(79,44'(_ \Ejlow -H')Qog



The Fniré, generoi linear 9rovp GLn(q)
GLn(CO = {M € MOknxn(qu-) ] C]e.‘l‘M;£0}

What wntrels “’\ev_d.aia_.? T_}\Q, fﬂmme+énc34m): (Yn Q Zn

=> 32(79,44'(_ \Ejlow -H')Qog
hin-) n

| Gl(q)]= 97 L___,'(qd-')



The Fniré, generol linear 9rovp Gl (q)
Gl_n(cﬂ = { M eMOknxn(qu-) ] C]e.‘l‘M;£0}
What wntrels 'I‘I’\e*:e_d.aﬁa_.? ‘T}\Q fﬂmme+é|c34w): (Yn Q Zn

=> 32(79,44'(_ \Ejlow -H')Qog

n( N n nfa-1
| Gl(q))= 97 L Tg-n - qur <T>4(q)H
t Eﬂdolormc Po jhomn



The Fniré, generoi linear 9rovp GLn(q)
GLn(CO = {M € MOknxn(qu-) ] C]e.‘l‘M;£0}

What wntrels “’\ev_d.aia_? T_}\Q, fﬂmme+énc34m)> (Yn Q Zn

=> 32(79,44'(_ \Ejlow -H')Qogj

h( -1 r\ n(o-1
| Gl(q)l= 97 T1g-) - qul__— CTDJE)[ Jd "
Eﬁ otoOmiC PthOMI

P Qvery d=1..n e exisk a foras © €T and a"Eé,\ sk

S has ode c},,(c,)“‘J



The Fniré, generoi linear 9rovp GLn(q)
Gl_n(cﬂ = {M € MOknxn(qu-) ] C]e.‘l‘M;£0}

What wntrels 'I‘I’\e*:e_d.aﬁa_.? ‘T}\Q fﬂmme+é|c34m): (Yn Q Zn

=> 32(79,44'(_ \Ejlow -H')Qog

h( -1 r\ n(o-1
| Gl(q)l= 97 T1g-) - qul__— <T>4t(j)l Jd "
Eﬂ otoOmiC PthOIT\l

P Qvery d=1..n e exisk a foras © €T and a"Eé,\ sk

S:—F hO.S owdeL @d(o])l-aJ (Q %Iow (ID-d -Su‘:jdm]:)



The Fniré, generoi linear 9rovp Gl (q)
GLn(CO = { M QMOknxn(qu-) ] C]e.‘l‘M;£0}
What wntrels “’\ev_d.aia_.? T_}\Q, fﬂmme+énc34m): (Yn Q Zn

=> 32(79,44'(_ \Ejlow -H')Qog
n( -1) r\ nfa-1
| Gl(q))= 97 L Tg-n - qL)T— CBJH)H

d=! t Eﬂdolormc Po jnomn

P Qvery d=1..n e exisk a foras © €T and a"Eé,\ sk

S:—F hO.S owdar @d(o])l-aJ (Q \EBIOW (ID-d -Su‘:j&m]:)

+ C)nansinj |~ :gjlow Epfd-subafw)as are Caon)U\t:fiL



The Fniré, generol linear 9rovp GLn(q)
GLn(CO = {M € MOknxn(qu-) ] Cle.‘l‘M;£0}

What wntrels “’\ev_d.ata_? T}\Q, fﬂmme+énc34m)> (Sn Q Zn

. L&iFoiéni- repesznhﬁms / chataclun
Uch (Gla(q)) «— o{.Pcu.ﬁ'[lmng n)

C>‘<_' A\



The Fniré, generol linear 9rovp Gl (q)
GLn(CO = { M QMOknxn(qu-) ] Cle.‘l‘M;£0}
What wntrels “’\ev_d.ata_? T}\Q, fﬂmme+énc34m)> (Sn Q Zn

. L&iFoiéni- repesznhﬁms / chataclun

UCh(GL (q)) —> o{.Pcu.ﬁ[lmng ) «— Tnd,

C>\ & |——— 9()\



The Fniré, generol linear 9rovp Gl (‘ﬂ
GLn(CO = { M QMOknxn(qu-) ] Cle.‘l‘M;£0}
What wntrels “’\ev_d.aka_.? T-]WQ, fﬂmme+é|c34m)> (Sn Q Zn

. L&iFoiéni- repesznhﬁms / chataclun

UCh(GL (q)) —> o{.Pcu.ﬁ[lmng ) «— Tnd,

C>\ & |——— 9()

TF B- [@\*J c GL.(q) then

dinX
cleny,] = @ CEB g



The Fni,'é, generol linear 9rovp Gl (‘ﬂ
GLn(CO = { M QMOknxn(qu-) l de+M;£O}
What wntrels 'I'I’\e*:e.d.aia_.? T-]WQ, fjmme+é|c34m)> (Sn Q Zn

. L&iFoiéni- repesznhﬁms / chataclun

UCh(GL (q)) —> o{-Pcu.ﬁ[lmng } «— Tnd,

C>\ & |——— 9()

TF B- [@\*J c GL.(q) then

dimX
q:

\:, 9= @dlm’x
Cé, A @ S\ g



The j@nerul_ e



The j@neral_ e
Qe?laca GL,, 50. Connechad. AQd\xb'ma\Jﬂebajcjm[: G



The j@neral_ e
Qe?laca GL,, 5 a Conneclid. Aeducie a\Jﬂebtajc \Tm[: G
and & by W=N
d Sy , G (T)/ T



| he. j@nerui_ cane.

Qe laca
1: GL,, 5(1 Ca-mdld Aad\xb'\za\Jﬂebtaja\TmF (Ez
d é ‘P " I ‘2 Hom R



The 3eneruL e
Qe?laca GLn 50. Connechad. Ao.dlxb'tea\Jﬂebtajcjm[: G

and & ) 2 I?ﬂ W:NG(T)/T ? Hom (T, )
T ack as o g
Se;mabdjfj [a.ji'om



The jeneruL e
Qe?laca GLn 50. Connechad. Ao.d\xhtea\Jﬂebtajcjm[: G

and 6.7 27 loj W:NG(T)/T ) Hom(—lr: =)
L ackas a o
Semafpdjfj [a.c.tf:fom

Then 9enetic behmﬁouf‘%?: X Q(deaoF@(ﬁ)



The jeneruL e
Qe?laca GLn 50. Connechad. Ao.d\xhtea\Jﬂebtajcjm[: G

wa 6,7 2" by WaNg(r), 2 Hon(T )

T ack OE o WE
Swmofmd lacbow

Then 9enetic beha\/iour‘ L % Q(deai@(l'_)
% Sylow Theoy



The jeneruL e
Qe?laca GLn 50. Connechad. Ao.d\xhtea\]ﬂebtajcjm[: G

wa 6,7 2" by WaNg(r), 2 Hon(T )

T ack OE o WE
Semofmd lacbow

Then 9enetic beha\/iour‘ L % Q(deai@(l'_)
% Sylow Theoy

* on.}:xﬁz}ul- Aofuenenfahms



The jeneraL e

Qe?laca GLn 5 a. Comechd. Ao.dlxii\za\Jﬂebtajc jou[: G
and & i -
4 8,22" by W-Ng(r), 2 Hen(T, )

Then 8e,nem EQBQVinQ)D :

T odzas a Ao0p

Semofmd ij lachow

> o(dex G F)
% Sjlowie%( !
* ()n.’}:)oﬁz}u" Aoflenenfaﬁ'ms

X HOClrlS



Classi Fcahm OF W$| \9&0\1})5 \r\/

A, T PGL, |, 8L,
B, Cn s=c—t—=-""- SO » Spar
Dy e so,,

T
S R
(n=61%28)
|::l —o o o




A noJ’her Qxample ; Gz (q)

\4\/ = <s,l-, ) S 3 stskel - I-S{'sl's>



Anoﬂwer QxamPle_: Gz(q)
W - <s,|; 3
} _E=ljs+sl'c|'=|-s{'s|'s>'_\ Z/GZX Z//QZ /L)]Rl

ch }\e
dual SMUP



Ancther example: G, (q)
\I\/ = <S,E} <l . ]) s+sl-c|'=|-s{'s|'s> A Z/GZX Z//QZ /Q ]Ri
R[1,3]W= P[xj) xs+j'] cli hedual Group



Ancther example: G, (q)
\I\/ = <S,E} <l . ]) s+sl-c|'=|-s{'s|'s> A Z/GZX Z//QZ /Q ]Ri
R[1,3]W= P[xj) xs+j'] cli hedual Group

6 re]ﬂect.'ons D os, b Es’c,st‘sJ l-.cl-sl-) ststs



Ancther example: G, (q)

W= Ksb | stabeo 1, shobcbbstsh> s Zfpn 4/g, PR
Rlzy]'= Rlxy, 25+ ] dihechial. grovp

6 feflechions : sk, kst stx, behsh, sksts

= | &(R)| = g (¢~){G")



Ancther example: G, (q)

W= Ksb | stabeo 1, shobcbbstsh> s Zfpn 4/g, PR
Rlzy]'= Rlxy, 25+ ] dihechial. grovp

6 feflechions : sk, kst stx, behsh, sksts

= | &) - 9 (4-)q")

lo wnipofent chaadlin with dimenvion <

1 (el chov ), g (Senbug char) , 5qade (2)
éﬂ@z @3/ gl'clérl @6 ) \_;'CI ifis,%ﬂ i: @g/ 3!'1@11@: (XZ)



Ancther example: G, (q)

W= Ksb | stabeo 1, shobcbbstsh> s Zfpn 4/g, PR
Rlzy]'= Rlxy, 25+ ] dihechial. grovp

6 feflechions : sk, kst stx, behsh, sksts

= | &) - 9 (4-)q")

lo wnipofent chawadlin with dimenvion <

1 (J-riviol dwm.))j‘ (Slejnbuj d\m) ) éqigﬁé (x2) )
éﬂ@: @3/ gl'ciérl @6 ) \_lg'c, @f@s) lC1 %: @6/ %C]f_s_,z@: (xZ)

2

Rmk : lo> 6 = #TrW (o{-\ dimersion | | \,|,z,7_>



C:leomelfic constroctien ?P the /ln,P«QXnElI@ns



C:leomelfic constroctien ?P the /ln,P«QXnElI@ns

'__Qr GLn (g) we (DnS.)C'lﬁlEd. B: [(o)\**] ond. ([:l-GI-n(Lﬂ/B]



C:leomelfic constroctien ?P the /ln,P«QXnElI@ns
'__Qr GLn (g) we (DnS.)C'lﬁlEd. B: [(03\* ] ond. ([:l-GI-n(Lﬂ/B]

For G we. re_Flou. B b B whee B isan E dobe Bewl SuiBrDuP



Geomeliic construction of the reproenlions

For Glu(q) we (onsicleed B- [“\*1 ord C[Gh(3)/ |

For G v eploce B b B whee. B ison - dobe Beul sobgyoup
Pb: CIG/g"] dees not gieall the wnipolént- epreenialions



Geomeliic construction of the reproenlions

For Glu(q) we (onsicleed B- [“\*1 ord C[Gh(3)/ |

For G v eploce B b B where B isan - Jobe Beul sobgyoup
Pb: CiG/g"] dees not gieall the wnipolent- epreenialions

~> Repe G/gF by algebaic sibaielies X € G/R



C:leomelfic construclion o_P the /ln,P«QZnElI@ns

For Gla(q) we onsideed. B- [@\*1 ond. ([:[Gln('ﬂ/g]

For GFwe, re_lalou. B |:\>5 Bthere, B ison = Jable Bewl SulErDuP
&: (]:[GF/[BF] does not Bieoﬂ the ,un:'PoTén{‘ @Pf&nﬁhm

~> Repe G/gF by algebaic sibaielies X € G/R

ord. C[&7pr] by H(X, Q) He L odic
conemobgy gpeps



C:leomelfic construclion o_P the /ln,P«aanli'@ns
. e _ ? *
For Gl.n(q) we (onsideed. B- [@\*1 ond. ([:[Gl-n(‘ﬂ/B]
For GFwe, re_Flou. B |:\>5 Bthere, B isan - sobe Bewl SulErDuP
&: (]:[GF/BF] does not Bieoﬂ ‘H\e ,un:'PoTén{‘ @Pf&nﬁhm
~> Repe G/gF by algebaic sibaielies X € G/R

ord. C[&7pr] by H(X, Q) He L odic
conemobgy gpeps
[L&ﬁdmj‘é] Con ke Com):ub.oL ﬁom #X(ﬂ‘;n)

(mw\ﬂmmlb ore wold Une #X‘SFﬂ §€@(ﬁ))



From feal o (omPlex numbers
Ajau'n the (pm»f;ﬂ'ah'm gf =H-’X< ﬂ‘;“) de]:ends O?Bon \I\/



From feal o oomPlex numbers
Ajau'n the (pmpfafjm g? =H-’X< ﬂ‘;") de]:ends o?Bon \l\/
WI'\wf 1S stcti_ +O \/\/ P



From feal o oomPlex numbers
Ajau'n -”\e (pm»P)fafjb'l 9? =H-’X< ﬂ‘;“) de]:ends o?Bon \l\/
What is stcti_ o W P 1y Wes GL( QR")



From feal. to omplx numbers
Aoin the ompiaticr of #X( Fr) depenls onlyon W
Whot is spaf to W 2 yWes GLR")
@) Q[m,,..,u,,]w <o FdjnomioL cilﬂda&



From feal. to omplx numbers
Aoin the ompiaticr of #X( Fr) depenls onlyon W
What is spafi to W 2 yWes GLR")
@) Q[m,,..,u,,]w <o FdjnomioL cilﬂds&



From feal. to omplx numbers
Aoin the ompiaticr of #X( Fr) depenls onlyon W
What is spafi to W 2 yWes GLR")
@) Q[m,,..,u,,]w <o FdjnomioL cilﬂda&

PaPladn QR —C Wis a Cm)]zlex eflaction o
3 ~ fllﬂ P E ©)
ie Qereatd | diow ~| !
9 E‘j Complex AEF[Q [@\(J



From feal. to omplx numbers
Aoin the ompiaticr of #X( Fr) depenls onlyon W
What is spafi to W 2 yWes GLR")
@) Q[m,,..,u,,]w <o FdjnomioL cilﬂda&

loing Q « C Wis a lox eflaction
Kaplocing > Wiso ol efldion gop 1y
e gemaﬁd_ E‘j comPle,x /\EF[Q [@\J

é: Z/olZ -H\e\gmp f d+h rmhgfumlg in C



From feal. to omplx numbers
Aoin the ompiaticr of #X( Fr) depenls onlyon W
What is spafi to W 2 yWes GLR")
@) Q[m,,..,u,,]w <o FdjnomioL cilﬂda&

PaPladn QR —C Wis a bx eflaction
9 ~ l f[y.n E) P % ©)
ie Qereatd | diow ~| !
9 E‘j Complex /\EF[Q [@\(J

é: Z/olZ -H\e\gmp f d+h rmhgfumlg in C
More jenera.l\lj (Z/dz)n x s,



From feal. to omplx numbers
Aoin the ompiaticr of #X( Fr) depenls onlyon W
What is spafi to W 2 yWes GLR")
@) Q[m,,..,u,,]w <o FdjnomioL cilﬂda&

lotng Q «—» C Wis a lex e t’mgﬂm
DO—F 9 ~> (D'T)]D flxm P 2
ie qereahd | diow ~| !
3 E‘j Complex /\EF[Q [@\(J

é: Z/olZ -H\e\gmp f d+h rmhgfumlg in C
More jenera.l\lj (Z/dz)n x s,
Gq = <s,‘c} - ¥3=leEs=|:sE> eO—0



Fom al o oomPlex humbers

Can we eplaw. the Weyl group W 2 V=R"
bj& Com]:}l:ex ﬁfhctm%mF7



Fom al o oom]:lex humbers

Can we eplac. the Weyl group W @2 V=R"
by . COm]:}l:ex nef'lectm\g«m):? [ Brove-Malle- Michel ! 93 ]

Bp ]




Fo;om eal o (omPIQX numbers

Can we eplaw. the Weyl group W 2 V=R"
by o Com]:}’Dex ﬁflechbw%mla? [ Brove-Malle- Michel '33 ]




Fom al o (omPlex humbers

Can we eplac. the Weyl group W @2 V=R"
by a. Com]:llDQX ﬂf'legtm\;j@}:? [ Brové-Malle-Micke) ' 33 ]

oCZo\VI'S



From feal o (omPlex numbers

Can we eplac. the Weyl group W 2 V=R"
bj o Com]:llbex ﬁfbctm%j,\m):7 [Bfoué— Malle- Miche] ISS]

cQo\yl'S
5|mjr|‘£\9 fmm O.C.OT\PIQX @]Dleoh'cn oyte0p W ? K

A ob)ecl' Galled ) SPeJrs ’



From feal o oomPlex numbers

Can we eplac. the Weyl group W 2 V=R"
bj o Com]:}?ex Efbctm%j,\m):7 [Bfoué— Malle- Miche] ISS]

cQo\y|3
5|mjr|‘i\9 fmm O_C.OT\PIQX \\?:Pleoﬂm oyte0p W ? K

A ob)ecl' Called ) SP2+S ’ l’)aviig:
% an edaL (ao anjmnid inq}



From feal o oomPlex numbers

Cb:;naw;nrellalam_ e \/!aﬂl geop W @2 V=R"
plex vepect'm 3@}:? [Broué—M;He-Midul '33 ]

Slading from a.compl [ \y
19 fom oomplex eflechin gop W ¥ K o

A ob)ecl' Galled ) SPeJrs ’ hanicj
% an edaL (ao anjmnid inq}

X Subjtou]bs (505512?"20)



From feal o oomPlex numbers

Can we eplac. the Weyl group W 2 V=R"
bj o Com]:llaex ﬁfbctm%j,\m):7 [Bfoué— Malle- Miche] ISS]

cQo\y|3
5|mjr|‘i\9 from O_C.OT\PIQX rgioleoh‘cn oyte0p W ? K

A ob)ecl' Called ) SP2+S ’ l’)aviig:
% an edaL (ao aPo,jhomiaL inq}

X Subjtou])s (505512?"20)
) 4 rePuexnfa{;'m 'H’po\rj (VlQ‘l‘l')?. ch'menaimsq? 'H‘le fe;\alaxnfobm)



Fom al o oomPlex humbers

Can we eplaw. the Weyl group W 2 V=R"
bj& Com]:}l:ex ﬁfhctm%mF7



Fom al o (omPlex humbers

Can we eplac. the Weyl W 2 V=R"
bjcx COI'T')]DI'DQX Eflectmgj@\z?)f
codn: |G- q TTg) € z(q)



From feal o oomPlex numbers

Can we eplac. the Weyl W 2 V=R"
bja COmPJIDex ve.f'lectm%jwjj}:?f
codn: |G- q TTg) € z(q)

o Sulow suboroups : hase e @(q)m whete @ic
= T ngc:lo}omic_ ];o\ljhomiol_ in 2, 27Z




Fo:om feal lo (JomPIQX numbers

Can we eplac. the Weyl W 2 V=R"
bja Cc)m]allbex ve_f'lectmgjw?}:?f
codn: |G- q TTg) € z(q)

e Sulow su wps :  hase o @( )m whete $i§
>\ oups q o
< jm a gjcjo}omic_ ]ao\ljhomiol_ in ZK >7

X(T) = Hem (T, £*) = 2

T X(Me-nxr)



Fo:om feal lo (JomPIQX numbers

Can we eplac. the Weyl W 2 V=R"
bja Cc)m]allbex ve_f'lectmgjw?}:?f
codn: |G- q TTg) € z(q)

e Sulow su wps :  hase o @( )m whete $i§
>\ oups q o
< jm a gjcjo}omic_ ]ao\ljhomiol_ in ZK >7

X(T) = Hom (T Ff),_\z“ — Z_9W

T X(Me-nxr)



From feal o oomPlex numbers

Can we eplaw. the Weyl group W 2 V=R"
bﬁa Com]:llaex ﬁfbctm%j'\m):7

codn: |G- q TTg) € z(q)

° \E_ﬂlow SUﬂA(_)UP}: ho.le_ otdar @(q)m wlme @ic
ngczlol'omic_ ]ao\ljhomiol_ in ZK >7

° UHIPOIEH‘I' dumc_lim 'H'\Q Fnita. xk GF/BF oL #\e Ofﬂebﬁlc_

aielies X Q(E/IB do nd Mmake sene ...



From feal o oomPlex numbers

Can we eplaw. the Weyl group W 2 V=R"
bj& COT)]:JTQX EFIQCtm%jAmP7

codn: |G- q TTg) € z(q)

° \E_ﬂlow SUﬂA(_)UP}: l’\o.le_ otdar @(q)m wlme @ic
ngczlol'omic_ ]ao\ljhomiol_ in ZK >7

° UHIPOIEH‘I' dumc_lim 'H'\Q Fnita. xk GF/BF oL #\e OBQbZJC_

aielies X Q(E/IB do nd Mmake sene ...

Bul- 'H\e Number #XFM does ,as a ]:D'jhomiaL N Z[q]
(]%L mosFQp -H'e_ CmnPIQX re,_P qfOUPS )



Sm o.”eﬁ‘ e_XQmF\Q

\/\/: Z/'éz = <S>



Sma”esl- e_XQmF\Q
W = Z//jz = s> , k= Q5] with |+3+X . 0



Sm o.”eﬁ‘ e_XQmF\Q

W = Z//,BZ = (s> , k= Q5] with |+3+% . 0

ST q7(5) = 990 (3) (9-")



Sm O.”QS*‘ e_mmF\e

W = Z//,BZ = (s> , k= Q5] with |+3+% . 0

ST 4 () = g5 (D) (g-)

nr"J



Sm O.”QS*‘ e_mmP\e

W = Z//,BZ = (s> , k= Q5] with |+3+% . 0

S q7(5) = 990 (3) (9-")

lTl'l



Sm O.”QS*‘ e_XQmP\Q

W = Z//,BZ = (s> , k= Q5] with |+3+% . 0

S 97 (5 = 9(e0 (D) ()
IT"’I



Sm o.”eﬁ‘ e_XQmF\Q

W = Z//,BZ = (s> , k= Q5] with |+3+% . 0

S 97 (5 = 990D ()
") nr; hrsFi




Sm o.”eﬁ‘ e_XQmF\Q

W = Z//,BZ = (s> , k= Q5] with |+3+% . 0

S 97 (5 = 990D ()
") nr; hrsFi

B8] < q*(3-1)



Sm o.”eﬁ‘ e_XQmF\Q

W = Z//,BZ = (s> , k= Q5] with |+3+% . 0

S 97 (5 = 990D ()
") nr; hrsFi

B8] < q*(3-1)

#G/pr = @) = lgeq



Sma”esl- e_XQmF\Q
W = Z//jz = s> , k= Q5] with |+3+X . 0

S 97 (5 = 990D ()

") IT‘FJ | T

B8] < q*(3-1)
‘-Hf(]:jF/[BF' = @-3)(34") = |+ci+qz =1+ Ijlgzcl(q-zz) +€E—CI(C1-?)

> dimenmens g_l) -”\e S unich’Enl- re_f:resen'l'ab'ms —> Ir‘rW




Sm o.”eﬁ‘ e_XQmF\Q

W = Z//jz = s> , k= Q5] with |+3+X . 0
G- 97 (9D = (90 () (g%")

o T |

B8] < q*(3-1)
‘-Hf(]:jF/[BF' = @-3)(34") = |+ci+qz =1+ Ijlgzcl(q-zz) +€E—CI(C1-?)

> dimenmens g_l) -”\e S unich’Enl- re_f:resen'l'ab'ms —> Ir‘rW

US‘Tﬂ #XFn we find ancfhae CnaEP dimewy  + £ q(q-l)

|- 3*



