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1 [ZLC&IC

(IR EIIRO V) 7Y V=Y a VAR —ADRBREYEL DL X, AR
HORBRIIHLTHALRTNARZ L, EDLI—BLEINDINEEZXD
DIXARRZILTHD, ZZTIHARBOEE (RF) L Tadbh Ty
3 Clifford BIgR7 Vo x—a VAF—AIZRH L TRV SLODONE 5 %
E2%,

TEREHIX Zieschang 6] LRILHDOEANS, E-d#E/ —F 4 b
BEWCLTHEREY, TYVx—va A% —A0REHIT as12-40 DX 5
KRS LIZTDIN. i 5] DGBROMEK 12 D 40 BB LW EKRT
b5, 5 TRRELDRGER L FDORBEREBERTIZLNTE S,

B TiX group-graded algebra & V5 E3% Curtis ~ Reiner [1] IZ L7z
BoTRWER, LHEER (MILX) ITEEHTRR2VNEDaIA MR
Whele®d, TOWERTII Dade 2] K LER-ARICER LT, B
KHEoR, A MNITRROEIERSETLTRBY., FAEf L Bbh3
B TEBEE T,

ETHRMELE EOERMABICET S Clifford DEBRZHERLTEZ 5,
GZAMELL H2EDERBIHL TS, pclir(H) & ge GIZHLT

¥?(h) == p(ghg™)
T ¢ ZBONIE ¢ € Ir(H) TH B,
T:={geG|lp=y}

ER<, Ir(G | p) T, G DEERIBIRTED H ~OHIRR ¢ BB FIT
BLHLDOREERT, ZDLERBRY I,

Theorem 1.1 (Clifford). (1) Ir(T' | ) = Irr(G | @) (n— n€) IZ2H
HThs, _



(2) x €elir(G o) ITH LT, HDEIERE e Do Ty = e ierng® T
H3,

3) B x € Ir(G | ) BBo>T xg = 2bIEIr(G | p) = {x7 | T €
Irr(G/H)} T 3,

7YY g v AR — MIBONT, AREOERRABICHIET 5
& LT normal closed subset &9 H DM H 3B, Normal closed subset = 3f
LT Clifford OFEBRER Y MO Z L #HIF LR, RO LS ITRENH B,

Example 1.2 (as12-40). as12-40 OIRERIILLTOEY TH 3,

lgo o1 02| 95 9a g5 gs|m
il 1 1 2] 2 2 2 2
yall 1 1 2[-1 =1 =1 -1
xsl 1 =1 0]|-1 -1 1 1
voll 2 0 =2/ 1 1 -1 -1

-

[JS RSB R

H:={g0,01,92} <G TH Y, H OBERIX

" go 91 92 " m;
el T 1 2| 1
w3l 1 =1 0f 2

?&50
(XI)H = 1, (X2)H = 1,
(xs)z = @3, (ulr = va+ s

THDZ LMW TE Clifford ROEBRIIRY MW 2 L RB1 3B,

ZDOHH B Clifford BDOERD 7 DITIX normal &4V RFIZFTEB L
WHZ eBINE, TYVT—varZXF—AIZIdb 5 —O strongly normal
EVIBRBDH Y, HRBOBEITIE normal THB Z & L strongly normal
 THDHZLIZRAETH B, £ T strongly normal closed subset {Z2VVT
Clifford OEEPBR Y L5 Z L M5, —ROBAIZIGDLEZAK
FRRT, ZOMRTIXAMRART Y ¥r— 3 A% — b L £ 0 strongly normal
closed subset 2% LT Clifford L OEENK Y Lo Z & 2#EI LT,
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2 PYII—3VARF—LOHEE

NI, FEEICHBML2BEEE XD, Zieschang [6] TEBEBLTWNDT V¥
T—Ya Y AF—LADOYERDBETH S,

(X,G) 7y x—va ryAx—AhtL 6 XARBLTS, ELER
O - Auw(X,Q) BEADH O N (X,G) ~MEALTWSbDET S, &
DLEREH (X,0)0 2UTOLIIEHETD, £ELLTIX (X,6)0 =
(X x0,Gx0) Thh, BRIZ

(2,¢), () € (9,0) €5 (¥8,2) €9, (=1

KXo TEDS, HEMIT Y V=—va ry AX—bOEGEEHREL, TO
S EH (intersection number) IXEATFD X 512725,

Py = Oecn Pl
0gs Oe0) EENEN g € G, (9,() € G x © DREEEATHI L $ 5, MEEMKIC
B3RN0 oy ¥ (o, EBWITIT

04¢ = Cog¢

ThHY, TNUNORMIFERSEBEIND Z BN, THRFER
(X,3)6 DOBEERED 6 @ (X,G) DBERY LoD skew group ring TH
5Z L EZEW®RLTWS, Skew group ring {23 LT Clifford B O EERHMBFR Y
MOZERMBENTWVWAA, X V—iZ, ROBITHIAT S crossed product
AW TRIERD BRI Y 3L,

3 Group-graded algebra & crossed product

Z Z Tk Dade DX [2] IZ L7223 T group-graded algebra (ZB33 5 A
245, MEOED, EXRIINEMAE F LOBARKIT algebra OFH L
L. 78S F EHERKRITOODDHREEZD, Algebra IZHALTTE H D
HbD LT B,

S ZEMBEL T D, F-algebra A B A= @, A, & F-subspace DET
5L TV T

(1) A,A; C Ay for s,t€ S

W3 L& A% S-graded algebra Wi, AN S-graded algebra Th
i A; 13E D F-subalgebra Thd, ZZTHEFRMRD IO L &, T22bb



(2) AsAs= Ay fors,te S

Th5BLE A% strongly S-graded algebra &\, 7 S-graded algebra
AR

(3) EED s€ S ITHLT 4, 1% A @ unit o, EELe

LS &EERERRT. S RERBETHEZEREND. THIX (2) D&M
W7, (3) &7 T S-graded algebra IXHRREE S DR A, LD crossed
product & LTEENSZ LRI TVS [2, Theorem 5.10]. A 23 crossed
product Thivif A ITENBEE RTH, EMBEL RTH A;-free T free basis
LT {a,|s€eS} EMBTLNTED, AT T crossed product 2B %
Clifford B2 MBICHNAT 5, ZOBHLEMT DO 2B Dade
[2] £ Y b Curtis — Reiner (1, §11] DFBFHRHLTWVWERED,

A % crossed product £ LU a, € A, & A ® unit £33, BEKAE A-IE
LLT

A=Los, A=PLeA =L
seS s€S

ThY LQa, 35 A-NMBETHB, ¥l ad, € A, b unit THD LT5L
LRa, X L®a, BERYVIED, £oT

T:={tcS|LQas,=L}
iX well-defined T S OMPEEIC2D, ZD& ERMBMY AL,

Theorem 3.1 (Clifford Theorem for Crossed Products). A % crossed
product & LEDEEZAVD, M RBEKE AMBEL L L & My, DBEX
WYMBEL TS, T={tecS|LQa, =L} B LERBRY L,

(1) My, 1% semisimple . H2EAMK e KHL T My, =eDiens L as
ThHAB,

2) Bi= Y, p A EBL, ZoL&Ir(B|L)»Ir(A|L) (Nw= N4)
RLERTHS,

TV YT—ya A —AONEN (X,G)0 DREE#KSE 6 O FG L
O crossed product TH3Z LiIZHALNTHB, LTI HUZ2WT Clifford
BOEERBEY D, THLERTRLLTHLUTDX S IT crossed product
L2 BElix SAFET S,
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(X,G) %7V yx—¥arsA¥—Ahk L H % G Dstrongly normal closed
subset £33, TROLRERKRA¥—A (X/H,G//H)  thin (ZREIZHR
B)THDLTD, TDLE G =gy H9H 13 G DRFNCRS,

é cg@H)

9HeG//H

IXBARIC G//H-graded algebra TH5, 7L K C G LT CK =
@D, ex Coy CCG THDH LT B, —RRIT T crossed product TIIZRVIA3,
% C(H gH ) 2% unit & ®IF crossed product TH 3, Crossed product T
AL |H| = |HgH| MEED g€ G KN LTRY b, £% (X,G) K7
DL EIZZDOPHBELNWZ LRHTRIND, FATHROFEITHYRIEL
NEINT, GOLTAFLBIR,

Example 3.2 (¥ BEMTELY crossed product, as14-7).

(o s

1

[ ]
[ )
w

ot e e e = Ol W0 W NN WN
= e O = = =R NN W
- D e e b s R DN WO N W

W W N DD QW r = e O
QO DN W NI = O
[ SRR JURNSURE R JURN VRN ) i = N e ]
BN W N WWLWN WO~ =
DB W WWHE OF = =
CORN QWKWK WO = o b et

e e = O NN W
= s = O s =W N W N
= O o e =00 N NN
Q = b e e =00 NN N W W

[JURNJURNJLURNJURN LI RN 1 B i e

—

/

TEEINDZIT V-V a VAX—ARREENTELS Z L IITERNHY
crossed product TRENB, LMo T Clifford HOEBEMERY L. B
KIXLLTO@EY TH 5,

go O g2 g3
x1ll 1 6 3 4

X2 1 6 -3 -4
xal| 1 =1 v2 =2
xef 1 =1|-v2 2

o o |3




4 H@T7YVII—-3 ARAX—LIZNT S Clifford
B
BT TIIBEEERILA crossed product 12725 &\ 5 3V G DT T Clifford

HMOEBEEZT, LV BOBERIFZLDIIRRZ2TVDITHSI N,
EPIIMBE 2% RTHD,

Example 4.1 (crossed product T L&, as06-5 C as12-39 C as24-360).

2s24-360 IZEA T OEERE b,

Lgo g1 92 93| 9a g5 ge | g7 gs M
il 1 1 2 2] 2 2 21 6 61
xeff 1 1 2 2|-2 -2 —21—-6 611
sl 1 1 2 2|-2 -2 -2 6 -6 1
xaf 1 1 2 2| 2 2 2/-6 -6 1
sl 1 1 -1 —-1]-2 1 1] 0 0} 4
xefl 1 1 -1 —1] 2 —-1 -1 0 ol 4
xr1l 1 -1 =1 1] 0 /-3 —v/-31 0 0} 4
xsll 1 =1 =1 1| 0 —/=3 +/-3| 0 0} 4
ol 1 -1 2 =2{ 0O 0 o] o of 4

= {90,91, 92,93}, K = {90,901, - ,96} £F % & H, K i33%IC strongly

normal THB. x1, ,xa PETIX crossed product 0)%“’%‘:[’1 Lo
Clifford E!@Eﬁ?b‘ﬁﬁb MoTW3B, xo X H DA TIIER 0 & RoTWNS,
xs, X6 P ETIX K ¥ TiX Clifford HOEENBRY Lo TWVWDH X S5ICRZD
B K ONTIHER 0 L7R2oTWB, x7,xs DERTH D,

ZOBTRE L D IRRB—ROT I —Ta s A¥— b EEDstrongly
normal closed subset {Z8f L TR Y XD Z L Z2HIFELTWVEAE, §0L 5
AHOFA LHIERIZHRE TV ALY, LT TRITR7VII—2 3V AF—
LOHEERD,

(X,G) 2F[#7 Vv —v 3 s A¥—b & L H ZED strongly normal
closed subset 7%, Example 4.1 225& 25 &, algebra &% R.2 DTk
72< H DML ZREFBRVEHSBLONS, £Z T p € Irr(H)
iZxt LT, ®i5$ % primitive idempotent % e, & L

CH= @ eCH CG= P eCG

elrr(H) Elr(H)
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BOENMSBEEZD, FBREERELTWVWAOT, EHbbMHlA TV
DEMTHD, EBRIT Irr(e,CH) = {p}, Ir(G | p) = Irr(e,CG) TH
LMD DO alegbra DT Clifford B ORIE 2 ANIZRVY,

e,CG= & e,C(HgH)
9" eG//H

&‘.5)3’33’9‘5 Ltk o T e,CG 1X G//H-graded iZ725, Example 4.1 225
e 2//H = {g" € G//H | e,C(HgH) # 0}
EBL, TNDELERD Lemma BR Y LD,
Lemma 4.2. RiIZFAETH 3,

(1) e,C(HgH) #0 Th B,

(2) 5% fe HgH LT e,0; #0 TH 3,

(3) e,C(HgH) i% e,CG @ unit &L,

(4) % f e HgH \IZ® LT e,o5 1% ,CG @ unit TH3,

Lemma DFERADEDIZ—2DREREBM L TBL,

Theorem 4.3 ([3, Theorem 3.3, 3.4], [4, B 8.4]). H # G ® strongly
normal closed subset £ 3%, x % G DEHE. 7 # G//H ORELT5 L

x7(og) == x(0y)7(0gn)

THEROMEEETHIE, ThitEk G OREICRS, B2 x € In(G),
(1) = 1 THIIE x7 € Irr(G) TH Y, BEECBEL TIX my, = m,, B
b 3>,

Proof of Lemma 4.2. (4) = (3) = (1) = (2) IZE#ATH S, (2) ZRELT
(4) 27FF, ZOLEMBEND, 5D x € Ir(G | ) IR LT x(0f) #0
THD, £ e,05 B e,CG D unit THHEDOKLEFLFRMEIZ. £BD
E€lr(Gly) KMLTE(of) 20 THEZ L THD, LEtBoTIniTE
&Eb\c

AIRMEND G//H 7 —~NVET, Ir(G//H) b BRICT —_AEOHK
5% b2, Theorem 4.3 &Y Ir(G//H) ¥& Irr(G | o) RT3, ZDER
28 transitive THDZ L ETRT, x € Ir(G | p) ZETEESR U LT3,

U={xr|7elr(G//H)}



ThD, x D stabilizer # Stab, LEFEL ZLIZTB, ZDk<

1 1 R
ey = Z en = Stab.] Z Mx Z axT(ak)o‘k

n
rehe(G//H) C keG

1 My 5~ Loy
= Z —2 % —x(ok)T(o%z )oK
|Staby| renn(G//H) € kea "

y 1 —— s
- #wzn—kx(m( > rwm) o

keG relr(Z//H)

LBV kEH (Tobb k¥ £1H) DL & o, DRI 0 THB, IoT
ey € CH 729 e, # CH Tprimitive THHZ b U=Ir(G | p) T

»d,
LMo T Irn(G | p) DEBRDEX 7, 7 € Ir(G//H) LI T

x7(og) = x(og)r(opm) #0
k2%, o

Remark 4.4. fEAN G, RIBROBEITIX e 05 # 0 7251 e, 04 2 unit TH
BT ERGNEN, HERROBEITIIZNNRY L2k 5 2AIRH S,

Z D Lemma £ V72X HIZ Z B closed subset (372bH Z//H B G//H
DERSIBE) THDHZ L BN, ¥ e,CGC B Z//H D e,CH LD crossed
product THHZ LRHNB, Lo TUTOKRERBS,

Theorem 4.5 (Clifford Theorem for Commutative Schemes). (X, G)
R MT Vv 2—varyA¥—hE L H % G ® strongly normal closed
subset £ 3%, ¢ € Irr(H) XL T

Z//H = {g" € G//H | e,C(HgH) # 0}
EBL, TOLERBRY I,
(1) €elr(Z | ) Z—oBEETHIT
Irr(Z | p) = {7 | 7 € Irr(Z/ /H)}

’?%Z’o
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(2) Irr(Z | p) = Irr(G | ), (n+— n°) ZLEHRTHD, ZZTge Z
Wi L CiEn%(0,) = n(o,) THY, g¢ Z IZHLTiE n%0,) =0 T
h D,

(3) x €Irr(G | p) PEBEITEAL T

My, = —m,
X nz (4

ALY M, |
ZORROMBZRIEA L LTUTE2®/S,
Corollary 4.6. (X,G) 277 V¥ x—Ya AFx—ALE¢LH 2 G D
strongly normal closed subset & 3%, ZD& &
|H|+|G//H|- 1< |G| < |H|-|G//H]|

BRY LD, I |H|+|G//H|-1= |G| &2 1DDOLBE+3EMIL G H
H & G//H @ wreath product £ 223 Z ¢ THY., ¥ |G| =|H| |G//H]|
&R B D DOUE3ERHEIE G OB crossed product L2%5Z2¢ T
H5,
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