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3-transposition groups

Masaaki Kitazume (Chiba University)
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1 [XCHIC

BERBEMBEOPR T, REMNL2LDLLTELNDDIX, Mathieu £, Conway
B, Monster DRFITHA 5, [RF) LB TN EDH, Golay code, Leech lattice,
Moonshine VOA &#E< 24 & W O BEFICE LN EFENRNRIT, FIIZHFHFHNTDH
5, =%, FL 24 W5 ¥F%2ET D Fischer # Fy 1X, ZORFNZANSDIZIT,
FRLYRVRTE S, BEEMIZIE, Fischer 2% Monster (Z (baby Monster 242
LTQ) HREVELHRBRTHoRIZHEADLLT,

AR TIL, Fy XTAR LT 5, 3-transposition groups {22V T, BBEEZ £ & D7
WERD, MO —RILLE bEXIHMBRERRN D, BOHDEFA TV IR
TH D, BEIZ2>T (M) RREARREOEXRBCFEED (225 25HD) type
II LFEEN 2 H DHWLT 3-transposition group 12725, EWHIRRIZE > TRDM
EZACEBHLZOERICH LY, 2 LiEICMiTTEIIRTEER, 5%
EHRTREZLIBVEBbNS, KRB IN1DOHEDOBIT - EohiFizh
niEEnTth 3,

28, 12ADHKRLTIIFADEDOHILNPEL, W O>1DFELEM L=, AHT
X, EOBAIHMZA, 2, 3-transposition groups DIEERIZ OV TIE, 3 AD
ARIZBFD REMOEEERI =) THELELI LR, ZORMEROKE 2
BiFizrote, TTIZRLT, B#HWELET

2 EE SERELEEH

2.1 EEBESEER

E® 2.1. # G A 3-transposition group TH 5 LT,
(1) G i 2D TD}RBJ|OFES D TERESN D, (i.e. G=(D),D° = D)
(2) D DHRRS 2 >DTEOMOAIIL2 £7212 3, (ie. a(#)b € D — |ab| = 2



BVILDZETH D,

B H MBI RGN, n RAKEE S, &, TOERLEEDERE* D L LELDOTH
%, EROFM (1) T MfuLs) & LZDIX, S, OEHEE Sp X Spp REBIPHE
WAND 2D ThHD, EENPD, D OBSESTERSNIBIHE KL, KNnD
THARL IS 3-transposition group (2725, ZD K 5 RE53#E%L D-subgroup & FE
Lo oB, TITI, BHGIZTAREERRELRIS,

ZIT, BIZAVWSRELABEEALTEBL, G= (D) % 3-transposition group
ETHLE, deDiZxLT

Di={a€D|lad|=2}, Ay={a€D]||ad| =3}

LB, ALMNZ, D={d}NnDyNA; L7235, KRIZ, S ZfEED Sylow 2-subgroup
E3BHLE, |ISNE| %2 G D width LFES, ZOfHEIE, D ICEENDEVZAIER
TOBEBEDEKELBE%RT 5,

& T, Fischer I¥ 3-transposition group % H A RHED FIZHE L7z, EHIDOREN
HINT, TOEREZBNTEZ I,
EH 2.2 (B. Fischer [F1]). G ZHR#EE T, 3-transpositions DILEE D TER
ENTVD LT D, &biZ, RERET D (ZOEKIZOWTIIER),
02(G) C Z(G) D 03(G).

ZDEx, (G, D), FLERNT (0FY, (G/Z(G),DZ(G)/Z(G)) b bl
T (G, D) EBFID) ROVWTIANCEETHD, (ELe=21 £T5,)

(1
2

) G =S, D= {transpositions},
(2) G = S2,(2), D = {transvections},
(3) G = 05,(2) : 2, D = {transvections which preserve a (fized) quadratic form},
(4) G = 05,(3) : 2, D = {reflections w.r.t the norm 1 vectors}
(5) G= 02n+1( )2 or Og,41(3), D = {reflections w.r.t the norm & vectors}
(6) G = U,(2), D = {transvections}
(7) G Fyy, Fy3, Fou, D: a unique class
(8) G = 0F(2).53,07(3).S3, D: a unique class

7ZlZlnid, I)n>52)n>2 3),4)e=4+DLEn>3, e=-DLX
n>2 5)n>2 6)n>4 ZEHRETHDLT D,

L IE, ATLAS 296~ T, BEMBEARIZED Ok L, 2 RT3
DL, BN index 2 TEFNTWNAIEEBKRLTWS, S, & F, ITHFIHA
BWLRY, Ihbkx A,:2, F,:2RTILY, bHbAAHKES,

ZZEHENERHERI =2 YBZOWTIY, oA [N], [A2] EBR Iz,
(5) T "or” 2 Y LBBRAREEX HFEZ L TLES/M, Zhidn & e TRES LW
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&0, REOERY HiZEksd, X7 MZEBORNEEZ, ER (BX1) BREEL
BBEDICEDNIE, e=1DLE 2 OFFPRVEHMBENHTLS %, e=-1720,
12 D Fizi B,

723, (7) 1 Fischer # & FEITN D RINT, Fyy, Fi, Fiy BDERERBEMETH D,
Bi& D (8) @ 221%, MRIZBIT BN DT, L LTIAIED Aut(0F (2))
T, #EIT Aut(0F(3)) PHBIWAWTH D, ZD220%, ¢'=G" LVWIHREE
Ik Z L HHk S,

ZONBER L TR Sz Fischer DFFIC [F1) 1%, —#4% [F2] 2RV THKR
SNRh oz, BEITHER LoHER WA, %iRdD Uniqueness theorem & Fpy O
WROARZL2IIZLDZDEAS ), BEIZRY, TREMETIERAVDLIADT,
Cuypers-Hall [CH2] I%, AR (XHIZIX ERORE) 2 IRELRZVWAEER% 5T
REET, DLENDIEERLIXE, LT D R. Weiss DEHF [(W1] B85 5,

2.2 3-transposition groups M 3EH

BOFIRELTIE, HEVICRILBHTETLESREDT, IV LFERHDIZ
BoTBlZRRE D, MNHHEZELTA VB LREHOBMIZKD X 5 2FRBHEK Y
M2, F2EL, MHOD WH(Ey) = W(E)/{£l}k=1,8) LWIREFEZHV S,

Bl 2.3 (Weyl #).
Us(2) = 05(3) < 05(3) : 2= 05 (2) : 2= W(Ee)
Se(2) = W*(E7), OF(2) = W*(Es)
0F(2):2=8s, 07(3):2%5,(2) = Se, 0;(2):228;

ZOFI L IZBRDVE, F 117D, KA F,, Fs,F, DAY L 7287,
EFNFEITTRETH D, BT,

O;tn(z) > Sz("‘l)(2) > O':’F(n—l)(2)

EWVIFNZONTIRRE N, EROBICENIE, e =+ DBA, n=4 DL EN
W*(Es) > W*(E;) > W*(Eg) &\ HISE Weyl BEORFUHY L TEY, n =3
DL &1L, T T7 BERTZRAHRBEDF] Sg > S¢ > S5 WWHYTHZ ENFTEA LN
5, ERORINIFZERAFR1IBIAEVIULEDOEREZLTWVWEDOTH S,

FREBIZENLRZVWEICOLEERVORH D, 0,(G) # 1 2#H=THO MR F
X Sy T, £V —MRIC Weyl B W(D,) YT D, 03(G) # 1 A THOM
BT S T, —MIZ, 3TELOERH (DBEEED (4),(5)) PRI 0NDRS b
NOBEEEIEE L LTH OIS parabolic subgroup MBi%%4 35, Fyy OEIBEI
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37-0:(3) VO DB DN, ERHEDOFELRRY "non-split” &) FEL VK
23% %, Monster (21 3% - 05 (3) : 2 £\ D non-split REHHERH B, ZH5H
i 3-transposition group TIX7ZRVY, LA L, R UCERLREED3®E.0;(3):2 L)
3-transposition group (XF7ET 5 ([CH2)).

Sz, Sy IZIEET /N ERBEORIZEH, L THEERERH D, 3 2DEVIZIETH
(DKL 3) THH 3-transposition TER SN DT 4@V (KEMIZIZ3@EY)
THDHIEBHMONTVD, BRUAD S3((12),(13),(23)), S ((12),(13),(14)),
Wz T, ROAERTEBERRTERINDBE

H:={(abc|ld®=b=c= (ab)® = (be)® = (ca)® = (abac)® =1 )

L, ZOHL ((abe)®) I X DFIRME H/Z(H) TH D, 2L, £ (OEEBICH
TL 2#ED D-subgroup) & LTI H/Z(H) ZFELRVE D THD, #€-T, LU
TTIXH/ZH) L WOBOFEDTREMEIIRVW b DL LTRETEZ LT 5, &2
B, L% H X [F1] 12X, [CH2) TIX, SUs(2) £E N TWB, £z, kOB
BRRDEE%E (abac) = 1 IZFTHIX 3, (abac)? = 1 IZF4E S, DEHERICR B,

Z D H O 3-transposition DIEEBILI BN RY, ETHEHWIFKITRTH S,
FEHE & U TIIALEK 33 D extra-spatial group % index 2 THLEEZLTWVWS, —
R, ALERD 2 x 3N LW S D 3-transposition group (X, D DETDITAEN T
HERHRIZR D, TDX D RBER, [CH2) TiX "Moufang type” &FEATEY, #5
DFERTIE, Moufang type ZER< £TH (HEREEDH E W) 3-transposition group
DB ESNTND, £, DBEEEIL, 20 H (FiX H/IZ(H) 282056
((1)-(3)) LBLI/A ((4)-(8)) LB TTHEDLNZDTH D,

Z @ Moufang type DS H ZEBHIC, BKREVHLORDHY, ARICHD LD
{Z Moufang loop & DRFEN D, HEDERIIH, EHIT [K2] T, kiR~
37 07(3) (non-split) DB 2% 5 2 7223, £Z THHHMD Moufang loop
&, X595 Moufang type DBENER L2, £ 5\ I EIRT, ROMED Moufang
loop L DALY LEBWVAS LLRWERS,

filR8 1. 3-transposition group 3% - O3 (3) : 2 (non-split) DoAY LTV IERE 5
z &,

2.3 TEAEARKKOMEN D

UT, HRAEABERECEDIMELZ W 20k~ 5, BARARERK (M) 12X 5,
HAERRAREOEARECRE (FOND type I1 LTINS S D) (2B b 5 kE
Thd, HEORAZ —UIENTVWADT, BKOALWHIIFELARTILTHLELY
27200,

FIRE 2. type Il DEAREHCRIE CTERINIEEIL H 28002 (50L =4, fF1E
TSN TUVRYY,)
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PARE 3. Code VOA @ type [I DEAH BRI TER ShHHBABE G =)D( KD
X5 e

G/0y(G) = H > d e D iZxL |d%(9)| =8

ERHOLDORFEETIN? FHDOEHKEE G/0,(G) = S i2HF AN, Hamming
code VOA »#%%¥ 5,)

R 4. [KM] THE L7 Code VOA DHERAEBD OB, 0,(G)#1 THHHD
D&%, Cuypers-Hall DFERZAVT, ZBLAIIRER X,

3 —#es
3.1 SE~OHTEE

IITIR, AREERCEL BRRICOVTEEERRD, TO—EIX, FRRX
DHIR SISy [F2] 12h 51EA, [A2] KHELWERMEH B, = ZTRRIFIT,
Cuypers-Hall [CH1] (Z X %,

LLF, G = (D) iX, 3-transposition DI D THERIN TV D LIRET 5,

£ 3.1 (Normal subgroup theorem). Z(G) =1 2{RET S &, KOWVThi
MY A,

(1) Vi=( ab | A = 4y ) £ 1(< 05(G)),

(2) W= (ab| D, = Dy ) # 1(< Os(G)),

(3) (ab | |ab] = 2 ) IXEABETH B,

OB ERICBITBREIX, ZIZT(1), (2 BEILARNE WD Z L EEK
LTW3, ZNETT, BRBBUDREMBETHI I LNEPNTLEIDOTHS,
3-transposition group #E x5 L XiZiX, G D D IZx¥ 5, FRICIHBEHRERBR %
EZxBERELTH, (1) £21F (2) BRILL TV R L & (TIX, ZOBEBRREN

{b]Aa=A },{b| Do=D, }

EWHHEAMN ac D ZELHRARICR D, PBEBROREIX, S 5HIZ (8) &R
THRE (G'=G") 275 L, BRRANRFHHTHDZLERKLTND, &
W DORROERTH B,

EH 3.2 (Transitivity theorem). Z(G)=V =W =1 & G' = G" 2{RET 5,
TDLE, de D OFLMLEE Co(d) 1X, Dy & Ay DENENIZFBIIERT D,
¥IZ D ~DOBEBRIRIL rank 3 TH D,
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Z DY DT LT Aschbacher BB M HER LTV Z LIk, BEKEWN, [Al]
BENTH D, £D#%, odd transpositions IZETHHEFHLEL TWHH, ZIZTik
L7 AN

Kizki OIX, PEORBEELIEHRTH D, ZOFEOEAD, Faasxizize<
EPNTHRVON, HRICELRDSZBBAD—D2TH S 5, FEIITHRIZ, Weiss
IZ&D [W2] & LTEREINTWS,

EH 3.3 (Uniqueness theorem). Z(G) =V =W=1¢&¢ G'=G" Z2RET 5,
SO, G=(D) W, Dy DinD, (d€ D,z c A OWENS—BICEE S,

%< DA Dy X, FLMLEE Co(d) ZERTHDT, ZOEBIIHIMLEENG D
BT LSRN b DR H B, FIZHET 6] 2.3 THE_-DIL, FiZZo

G= (D) > <Dd> > (Dd N Dz)

LW RINRDTHoTz, DFY, W*(Eg) 1x W*(E;) & W(Es) DR HEST5
o, =T, 05,(2) B Syn-1)(2) & OF,_)(2) DOHBST OB, ZZTel
E6F Dy KHIET BB Sy (2) REAILHDOTH S Z LITHEE S,

T, ZOFERIIEIT EEMT] 28T, R ~L2R2B3H0R0TH
b, Thbb, L DBE

G=(D)1X, Dy & DynD, "OHEIND (R¥)

BROTHD, HEIT (FREMBESENE S Thol L 512) Uniqueness theorem
ZRNT, THOLIRICREEM T TIT, RBOBRMT, BEREMELZBLILIS
T MR DAEMIILEICRDDTH D, FiZ, [F1] TRIDOEERDEABRTE
RISl L ENER, DEDVDESEINCAETNIERWVWEBEZXDDT, £DOD
bV EoTeDNH LR,

5l 3.4. BRERDOBEDT —F%2—BRIZLTEIZ ),

G=(D)|D, |D.nD, |D.nDynD,
Fiq Fis |0§(3): 5 | OF(2): 55
Fa3 Fa 01(3) Se(2)

F Us(2) | 05(3):2 | W(Ds)

3.2 rank 3 DI 52

% 21X Higman-Sims DN E D TH D L D12, rank 3 DEEBEILS Z7DH
CREAREL L THRIND Z L 23E, Transitivity theorem (ZX Y, FED 3-
transposition group I rank 3 DEBREER DT, EXIZEDL D ITHEHEND,
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E#H 3.5. 3-transposition group G = (D) WZxHET 5557 T (13 Tp) %
ROEDIZEET D,

ERERIE D T, MR25 28 a,b€ D £ (ie. |ab] =2) THD &
E1S =B

PLEERELT, G ORDYVIZG/Z(G) BRI LILLTH ST 7I3%EDL
W, L, 77 70RBRELHEORBEIT (—RIZIT) —R—xSic2 b2,
Bl 2L, 37.07(3) LWV I B, split TAHRATHLLRWVWEATHLS 7RI LD
2725, L2 L, DEEE 22 DREZAIZTHEITIE, —{H—I2R-TTFT 7256
BHEERXTTHIILNHEKS, Zhid, ROLI>RRAT 7 (BBIETERRD) (2
£ 5,

(1) 727 T OFEED 2K a,b(b g {a} UT,) IZXF L,

[.NIy=T, NI, =T,NT,

BRI c BIE—2FETH I LETT, (T, BIIBIT3 o ITHYT5,)
2L, T, X277 7128115 o DLt I s 84K 2%7,
(2) 77 7DEBDR a IZHL, KOB# o, &

{a}UT, ETIHMESEH, b¢ {a} UL, IH LTI (1) TREND ¢ %
SIGE '3

LEET D,

Q) MBA={o0,|ael } RIF7OEBABBIIEEN, (A) KBNT A 2
3-transposition DIEFZPUZR>TNBZ L 2RT,

(4) G/Z(G) = (A) TH 5,

3.3 Cg(a) DEHRER

WIZHETLRIIZ, 3-transposition DENLHAT S Z L BHKB, L H—oDE
BERIZHONTRRB,

AR THERIMRI2 BTT a,b,c DERT HMIHE) 2Ex D, TOLEEELL
XOIC HIZH) 3EREHTIRVWERS Z LicT 5L, #HEEIIEEE VD
ZLiTRRB, Tho2#BETBTILE2EXD, T D ##BEELEELT, ol
BEIND LEEBEXTRY, KIZ, be A, 1T Transitivity theorem 2 & Y D& DICH
ELTRW, ZDL& b (=a) bBATINDZDT, BT, ZIZTiX Cgla) @
{8,0°} LVWOIRTLE~DBBRRBEEEZZTVWBILRIRETH D, BIED a,b,c
DEMRTHHIL3BY ROER, S 2HE2B AT c=0* 2DT, ZHITLHEE
T3, EZhb, BYVD c DRV FiZ BEBETHIRE) 2@V THD, £
i3, 22T (RARLOIFZRTHES] LWV OIEEBRYISFANRE D TH B,
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Thbb, Csla) D { {b,0°} | be A, } ~DBEBREREAN (£ DIFA) rank 3 I
RHEDTHD, I6IT, TRULDZEBEVMILZ L b D, FFEERD (1)-(3)
X, B H 2S8RV OTHoz, 2D LEIE, SOBBREERN2EABIZR-
TWAHZEERLTWS,

Cola) BEBPYBEERDOREE A THANBEAVDIT TH D, G 2 5,5,(2), Un(2)
DFEE, TOREE AR,

G =S, DAL, HIZ Csa) X S,y @ (n—2) BEATBRERRNLZITTH
b, G=O05(2):2 DL &, Cola) X Synn)(2) P 2EABERRANENDL, Zh
%, € 37z symplectic form (ZXF % 2 RIEREE~DBHBRERBR TH 5,

G B3R EDHELBEOIIE, Coa) bABICEHKZEICRS, ZOHAITH %
ELD T rank 3 12725705, £, singular vector (KT HBEBMEBRTHS, 6
(2, G Fyy, Fps, F24 D& XX, TNEN Co(a) & Us(2), Faz, Fos ® rank 3 B
KEBBND, BERBD Cola) X Fyy L7725 GIERVDT, Fou IIZOROEHKR
RBEEFRTZR,

B 3.6. — DO FFIEZFET D, G2 W*(Es) £3HUE, ZZIZBNDDIL, Cga)
W(E;) D28KRD2EHAIBRBETH D, W(E;) 25 Sg £RIELZ D-subgroup &
L EIXBRHIZOND, SXFOEBLEEEZZ T, Z0D Sy #HRIZE@NIE S,
RIZ, 8XFEADTOFITIDHERDFITH2EZD L&, BlzT {1,2,3,4} &
{5,6,7,8} IERFTie b,

(12) & (34),(13) < (24),(14) ¢ (23),(56) ¢ (78),(57) ¢ (68),(58) ¢ (67)
EWVWHBREZEZ D, THONBERT HEBREEN, WH(E,) LRBIZRHZDTHD,

4 3-transposition groups DIERK

ZZTH, 2MEEO TR 2oV TikRb, —DIiERERLE LRGN
HHERIETHHMN, b IVEDTE D TiEkew,

4.1 Width extension

— OB OMERIER, ATEIOBBRERRLBERL TWD, Tl Co(a), EREIZIX (D,)
T D HERDOTH D, Width &V FEIL, 218 TEALEZLDOTH S,
7, a,bce D %
lab| = |bc| = 3, |ac| =2

LEh, BEBTE DD S, AT S (12),(23),(34) EE-o7EBXTIW, &
D&, ‘
K =(D,),L =(D,N Dy),M = (D, N D,N D,)
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B K2 LM »PoBRT2HETHD, bbAA, GRK DI LxMbLEL
THTEHWBERDT, b EMIIZ, 3-transposition group L = (E) &, %
DEIBEM BEZONIZE LT K 28350 Th 3,

IOHEEZERT DL, T, ROL D 2BO HE] BLETHD,

M) EEBD z,ye LIZHL, M*NMYIXXo(2 L), Xy,..., X, DT ER
BThd,

E# 4.1 (Width extension). LM D6EEB7 77 Ty 2ROL D ICEHET
%, ¥F, REGIIEU{M*|zeL} 2Fx5, ;ATRHETIN D FMEIT,

ED25 a,bi3 (LATERIUL) w2 L ZIZ/RES,
a€E L M*liXac M* DLERS,
M= MY X, @B MTNMY BHLMUDEEINTE B2 X,
LEIB2 b EITRES,
LERT D, SInb 32 MITRAEFET K AETESNEDTHS,

ZLOEERFITIE, X, X L & width B—FET 2 M—D) LOEEEINS,
Z M width extension & VWD ZRIDHETH S,

Bl 4.2. G = W*(Es) DBE, K=W(E;), L= W(Eg), M = W(Ds) L %25, L
‘o [HE) 1T,
M*N MY W(Ds), W(D4) or Ss

L#2d, X L LTHRET 301 W(D,) THB,
AEB 4.3. LROPITERICS T 7EY, W(E,) RETINDZ L EHID L,

4.2 Central extension

LEL, FlEEEATEDObDERVS, SEIL, FED G= (D)% K =(D,),L =
(Do N D) MOHERT 2 (FELWIEY) REDLIRBDTHS,

%7, 3-transposition group K = (F) L## L N5z b= & LT, FifiL Ak
D [#f8) ZRET 5. 2,y € KIZHT 5 L*nLY 23T 5D TH5, K, L »OFE
¥£57 77 Tk i, ROX I BRERICRD, £F, REBIX FU{(L*),,(L%); |z €
K} &35, BEDOERIL, L° ICHIETIRN2O9HDLVIREEEZXDHDT,
BRXFTEHLEOTHD, KiZ, LTRHITNDRMET,

F D25 a,b iIIF[BRLEZICREL, a € F & (L) 1Xac*DLZE
5o '



ZIZETIE, AEAKRTHD, BED (L7);,(LY); 13, L*NLY THEZTEShDD
THHMN, (L%),(L%); DEIIT—BRTIITE R, Z 2@ ABEE S5 %25
T, EEHIREROTH S,

Bl 4.4, G2 W () £¥5, K =W(Er), L= W(E) Thb, ZOBEE, K/L
D2EABRIAN I EBRTE 2O THERIMETH D, Fl36i12LhiX, D2
SRDBHBREHRNAENT, SXFEOEBBLKLA—RTELL, Fhbd, [ kb
bREICE—ENTE D, BMEICIT Ng(L) = L £V FEBLE,) €T, Tky
DIRERE

FU{(,(7)2]1<i< <8}

LELZLENTET, MBEOWIDADTER %

(i 7)1 1%, HEBOXFOR (K1), BEW, 1XFHBD (i k), LS,
EEZETHITL,
EE 4.5. FROFITEBRICS T TRIEY, W(E) BETINDZ L EHID L,

5 Fy, Fy3, Foy DAL

BEOHi L LT, BEREOHEAEDOERIZOWTHRRS, #3428\ K&z
VW TORDTNOHEALETTIT< LITTHD, BBEEZEITEI R, £7 Fp &
Width extension THRL L T, ¥ EX 5721 D% Central extension & LTREL
TEL, (ZDEX, B 2RKICES T L EDERNBSLEIZRD,) Fou 1T central
extension TYED LMRWDED, T F ICHYTI3HL0%2 (LICRTRBWE)
Central extension CE- TR, T2 LBIERTAIDTH D,

5.1 Width extension

Us(2), Fy, Fa3 1%, Width extension TIED Z &M TE %, L L, Fa ilIDIiZR
5L+ EELY, [F1] TiX, £0RDOEBORTICHERRY2RDH D, TORD
2, ROBERBESKITELTCLELTWD, ZDX ) REENM S CFHEATX
i, [F1] ix+ad s LB,

HRES5.1. L=(F)20§(3):2, L>M=0§(2):2¢TdLE, FBD z,yeL
izt M*NMYNF %, Og-(2) : 2, Sg, W(D4) X W(D4), S3 X 53 X 53 X S3 DL
T ERT DD, ERIERETH D,

Loz &8, #4142 OEEIOTEALNIUTZRWE BVWRLTHRIEDER, IS L4550
otz
262X, (15.3.10), (15.3.20), (16.1.21), (16.1.22) DEIRIIMIL L2V,
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Width extension ITEFHIZHNORM L2, BERANBE->TVWLHDITTYH
2, LhL, Lo b REdRidsiesh, £DHITH Central extension
DODBRVWREZIZRDAREEL D D,

FERE 5. Fy, % Fy; @ Width extension DRV & 2 X,

E@EH IRV #TeRE L 13B bV, Fischer D% BT 2720720, THEE)
<R TRE] ThH5H, MrOROFANL ZNLDHOERE/LZLBH-
725, I TEEMEA Width extension DFEBIZHEZA2VD, LEZX TWZW
IEBWERS,

5.2 Central extension

Z O section DEANZE= X 512, Fyy LISHZ Central extension THERL S5 D
TILE, (B 21T Fas 1T Central extension & L TOMEZ K-> TWT, (L%);, (LY);
DIBEES>TVBEVWIERFIHREL LT, RD Fy ILEDLDTH D,

P98 6. Fischer Bf (4%iZ F;,) @ Central extension D RV iEd &2 &% X,

Fpy DA77 5, Fischer DR EZTRICELY(T BT TY, +aMHERHD L
B (RASTE LTHIRICET 30 I idbnbRVMNR), Fn,Fis T (Ug(2) T
) BLEER (BIiE W(Es) OFID X > 2B RER) MAhii, FEEICMET
BmOEES,

723, Central extension PExF (¥ Z THLERER) 1T, LV KEREORY
BELLTOMRICBVWTHERATH S, BIXIE, 2Es(2) DAL LT Fy, AT
BEEM [C] DRBEDOER—VTETINTVD,

B2 [F1) IcBh oL b 5 —oBiT TR, Fy OMBTHED X7
DHLDTH B,

M 5.2. K = (E) ™~ Fps, K> L = 0;(3) :S3, L > M= 0;(2) : S5 L9 5,
r,y,z € K A%
(LFAL) (PN L= (LVN L) = (L NL) =M
PHETLE,
L *ALYNL*NLNE#0

TH D,

COREIL, K = Fps OBREEZRBRRTVWA I IEMR, ZOEXRZ L NLYNLF
L IVNLENL EO®BINEFBbDOLEZNE, YN OFTEZDHZ L
RTxB, DEViX M = 0F(2): S TOETHD, T, Z032DHLEHS
(LFNLYNLF 12 E) E50BTE»EEZE, [ ORTL*NL & LYNL* Dt
BESE LTHARIDTHD, ik, HES1IORALLTRETELIDTHD,
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6 3.F24

ARROFMDKD ELLT EBERTHEDIZ -7 L H1IT) 3-transposition group T
3720 3.Fyy  (PL¥ 3 DKEIFE L DILK) 2OV Tt 5,

6.1 Conway-Norton {t#

ZOREE, 783 x 2 RFTD FHREL (Conway-Norton %) D2HCREBETH S
TERDDoTVAD, ZDZ LERLE K] OFfi Ky OFEFEREL TS
DT, HWHBBICEZXZZ LIZiRRBRD, 22T Fy > 212.My, &) A5 5%
D20 DR ERRTZD, HHBEHTEEL TV,

RIRE 7. 783 x 2 IRFLD Conway-Norton X% Fyy OTFEL MR L, £DH
CRAHLHET X, ‘

A ENY, TERERRAREEEBEET A ARERD D, TVRAF—IZXT 5
L=y A VTERERZRRELBEEST S0, Griess K THEIND, TOWLS
REE LTEETEZZ ENTFREZONE LIV,

6.2 Y-presentation

H I —D2DOFENRNV X, ARt & BERERIZ L H5ER Y-presentation TH D,

RORIEE Yess &FEES, BWXFIE, FOORERVZ SEDHIZH 2 mOMEEE
RLTWD, (L, FLORKRBANTEATZEBBNWI L3 R83H DD, KILT
X Mggg &V E b EIND,)

h

b3
c3
d3

€3

f3
% Coxeter diagram & T, R 2?=1%2ATEMRTERL, 2R 1,y
DN edge BDAVIT (zy)® = 1, RIFNE (zy)? =1 LW BBEXERT HD L

3%, #LK Es-diagram X Yoy = Mezo TH B, REDOHRAFOLNER (L +1+1=1)
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T 5. Yess 2DV ODDRERVTZIBE S E R D, Yass (resp. Yazs, Yas2) &1,
{es, fa} (resp. {es, f2, €3, f3}, {da, €3, f3}) ZEBRVZHDTH D, ZOHETERIN
AR, bH>—

(#) (abjciabyciabscs)™® =1
ERIMASZZLT, EVAI—RBUAMRBELRERINDI L VI OR, HLAR
Y-presentation T 3,

M2 =< Yass, (#) >, 2 x M =< Youg, (#) >
22.B =< Yias, (#) >, 3.Fp &< Yasy, (#) >

Fischer #IZ2WTid, [CP] THLKFALNTEY, AN EZX LN TND, =
DERRTT, HBWVIIEFRKXOBFNLREREZHY W ER D, 21 #2icknT, K
DORREDRRRZJFF L7\,

PRME 8. Yis, DERTHERICEND L 572 3.F, OMBEELE, £LT, BUR
X (#) OEEEW~L,

fh> Fischer # F23,F22 3) Y432,Y332 o
2 X Fp3 =< Yag, (#) >, 22.Fp =< Yag, (#) >

ELT, ERENB/OLND, £/, SEHTMELHTERELOFB):2 b Yip 25
B/Bond, ZD32i%, 27T 3-transposition group TN HDHBHTL 3, ZhbD
BoPT, FRELBRRXOBEREZEIOLTAVMAD LARZY, WTFRIZE L,
3-transposition groups DRA CTEERHIX, T & T &< Ysss D subdiagram M5
HTLBADTHB, LT, TOEEMRIZ Monster b Baby Monster b5, {iA»
BROERAIZRVDES D D3,

S5 XM
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