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Free Zm-actions on hamota/;)/ Slbﬁeres
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8 0. Introduction

W Mg B homotopy s}shere 2. b free Zun-action
T e Bl ToRgRE S5, C 0 BiR
KB S Lz Zm-adtion 1 (o, 21, -, Zn) > (d 20, o2,
™) (AU o = ap@Uifn)) & KL% o BB
g LT p ) ThRT S e T, Aparm
cd KU HAL I o HEW T lens space L P FM B,
25 9 lens spaces L m ; i Pn) e L2 (my YT
gn) 1k ppa= 9 In (med. m) a X)L ed
homotopy 1EIMAT h % > c pflt T . =4\ homotopy
sphere X" g+ free Zm-action Tt > tie 3 %ol
4] Zznﬂ/Zm i+ &3 Lens space LGf'(m;,buw,pn)
N homoto}?/ (A e Ted 2 ehvFeh Twna, > . w3
LYY = Lo pot, -0 1) e od it e Mo 4 e, Y



40

hp iU, I Zm = LT Chomotepy WIUE) 6
A, Saod 5 bk 2o f/uz Zm-action on 27 & iy/;e
pa action refgt i ein T4, Kroa B iRz /lOMOtD]))/
S/:here Z  type f 9 }"/z,ee Zm- action €t > 24 9 R
TAVKRIFE S LA eTUhbd, h$ Uy dh tulci
EFxZaeh)y Uhid -

i) m=2 (free involution) o HpAE W' & +HNAFT
Lo’be&z de Medrane [3 J(h 6= %2 4 h Tud. ¥
» 3E 13 Browder @ Kervaire 4nvariant 1= 14§ 3 £&
FlI vdstuns, cadid s m e &g tei
THABFERBEZIEL S epvhid, &> Tmi—FE
BFF A B SR ER W RIT GG 5,

W) m= % (1 odd prime) o HpA\, ek 0 X7 EbPan
(Trnt, P&Y‘a“dizable mam"fold & bound 73
homotopy sphere ) (& free Za-actiont3F ¥ e v
e Orlik I51 s TR Rt s 2o
& B AR 12 Brieskorn sphere € Flvv TS5 L tx. s ]
L i o X e bPon b5 0 m T L free
Zm-oaction &% > ThAb 4 TR EEN TS 1Y
et o HENBEEEALER L.

e ot ifeilinst:8, 44 o notations e 2o &4
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Tp o S — L (= Lo o1, 1)
ERR KB e T4, %ot 2k TIREG (A) t 3.
A8y L L™, 6/
(A) | lmr Ce=hs)
Ontt —L—  TWann (G/0)
ST EfR e Wall([é]) o &K, TH®E Kervaire -
Milnor - Levine 0 TARMNUHY, urs “PwmotOP)/ smooth-
Lna MM —s LT,"H L Xa universal cover ﬁznﬂ
(€ ) RT3 TR THS. BAQ) 0 GHES i3,
™€ Gnvi b Ype p 9 free Zm- action €t 13

'Z(Zznﬁ ) € Imai,a (’Wr* : [L;nﬂ) G/0] — Tann (G‘/O))
K ) Ly S EhpA. |

Main Theorem, :  Homotopy sphere Y (mz3)
i type p o free Zm-aclionet > 12k g W T HNVER I
s () € Image T KB 2 e TUdid

Lo RfFovEAT CAS S L BRLIEA . AT, T
o TR ot el N AL TR b Orliko PR GIsE) 12w T
& 7?(bsz~2) =0 Trdoehy }f?\%»t: r,Yes” e E L 5.



42

3.1. An Lmrortan‘t exa.m}aﬁ!;. |
Polynowial functisn — f 2 € C &
f(@o, 81, o, Eakp) = Zo t &+ o ¥ Zlpy
f8 L, Ss=x30md. @), (s,m) =1, CRHI{
. Z;‘»kﬁ - )"'{O)f\ kars o bParea @ aenem‘tw‘ e
Bbad:eBd<ponTud, uwi, C"™E 2 Zn-atim
63 (Zo, 21, -, Zake )2 ({2520, A&V, -, O Z 2kps)
ChAT s i A= wp@eitm) St =] (wedm)
e ¥3. 2aifr ¢ Z?kﬂ k12 free Zm-action & induce
TH2 e BB MY w B, oa action & (I Ts) ¢
&b ¥,
T (¥ T3) type t o free Zm-actim b
A, (FEHS) =
O 2. m B0 el Zm-acdion (ZF, T et
2. C Zm ¥R Lt Z,-action (ZEY, Ts|2.)
non - zero Browder-LiVesa)/ lavariant E% 5.,
[“!Z\aiﬂ (Ts, Tslza) & v P 3 Brieskorn - Hirzebruch
omvolution CHY) % a desusyendab:lity o>w ek (114
13 (2]l 4. m
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g, 2. Surgera'es with W =2Zm .

29 § 9 main reference i Wallo p L6l Uhg. 2 Tk
SRRL g T o=Zm 9 surgery 2 > u A LA, Ca.'teJar/
B €= h, s auwPhTE <, manifdda Diff. vt
PL 64w b Diff TN A S e F4. mdMRE 0 B
g K fy epimorPMsm Im— Z, 3 WallFo homomorph«'sm
d” ¢ Lgprs (Zm) —> Lypyy (Z2) = Z2 & induce §3,
B3 3. X" & oriented closed manifold T MW(X)%

Zm, ¢: X —>GO ¢ normaima/& e §4.

tL, @RI L @M TR T h i E Surgery

obstruction 9F) € Lopy (Zm) FE v zero T,
TR, mBI I 6, 8(P)=0 & d'9(9) =0

IRy I, |
(FE¥H o BLR] w< >0 0 ste;; {1y -

10 Qs(K(Zm, 1)« Gfo) O3 L3(Zm ) L L (2 Zu)

Hzero. Pod o i Wall [61p 127 & AGE.

2) Lens space (z20 T 6 [Lm; pipe), Grod =2 L (Zon)

M0 clEd S eERT. |

3) 02 Qs (K@m, )4G/O) —> L o(Zn) 0 &b 2

tERT. SoMueglgplicorn Taol iz ElTVS,

%) 3) & WGMIhe first step € L T Wall 61 HE. 4128
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Moo it AR E R <L T h Wall 0pftiE (¢ inductive U
obstruction 1™ dmage {Lany (Z) = Lan (Zw) } 12 A 5
Tubd &R L Tuwlhrue e 1-st sth e 2-nd stelp
(BPS 3RZ = 5%%,) 0 2 bty 8AT IR, N
stk U JRsioX (L E SR st » U Kl:. m

83. %m- mani]‘o/c{: .

X" & oriented mam’fola( e L, %o bounolwy X o ¥ o
subma,nifoﬂal \/YM C X L iz orientation FTeServing
it fraee Zp-action T 5260 Tuded ta
object & (XY, V; T) Tkb3i. X V;T) o4
B Ut Zy- manifold X" e X/~ vhic¥3. >z
I~ = x,46V o TRr=4 et3. X"
subset V'~ & X" Th b L, K" aboundary 3R™ 12
@X~IntV)/~ vh&iTA. V=X t#sc3@Ftb
3 9X=¢cth 3 ). X" & closed 2m~manifolal kR
Sieic T4,
l1. (D™ S, T), T(2, 21, -, 2ny) = (o Zo,

al'g,, o kP z,) (4L, o=0p@Ri/m) , (e m)=t)

CATE U te closed Zm - manifold & L0%5 pr, - pna)

6
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&b T. Skt Lens space L2 Cm; P LpnmPr) o
an~ skeleton t W - T3, &L(m; prs> o » pn—i) 1¥
L7 pis, pu) E—R T A,

M 2. Tot oriented manifola( M"E o free Zm~action T
MEth->taotTs. Yord (WLV,T)=
(M™ I, M"xfo} ; Tox id) 4Bl Lt Zm-mam'-
fold W™ & orbit map M—M/T, 0 mapping
cylinder c H# Th Y SW=M/To, W= MTH3.

RE o cabndism theories ¢ B L T closed Zu-manifolds
o cobordism fheor)/ it k4. Cobordism group e 02,
(ERY =38 3) bordism group & Qu(Y; Zwm) T kb
T e3RoZAMigs s,

E;‘i 4 Qn(im) /—\J_= ﬁnﬂ(K(Zm,l))
.O.n (Y 2»1) = f-Q'nH <Y+/\ K(Zm, /)) .

[F&e o 41 %) Morgan & Sullivan [4] Aug
Remark : K(Zm, 1) = L (&R A, ﬁem s‘fdce) 4’&?

ﬁl') f; 2 -skeleton L. E%Lé ¢, tnelusion map
*< L® & Sullivan o Zm-'ma.mfofal cobordis m

thear)« "o Kaon Zn* mam’fold cobordism tkeor)/ A
a natural tra.nsfor'ma.t:on t3 32T,
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§.4 Bt Zn- manifodd o Surgery .
Object (X", 3X 3 T) 1 Zo= manifold X"tk T4 ¢
T, Mo BBgoss e TMX=TOX) = {1} ¢ E
T3 ta0 ttad. 20§ TuBRBE Is closed z‘r‘mam'folo(
2X Ed 20v) . Surgery theory EHBEK T A 12 ub s X R0
d 4 0r Si‘e/z 130 N
0 Zm- manifedd 18] 0 mapE % o dngree W&
(X", oXe s T2) (e=o, 1) = iftfiL 1 Zm-mam']‘o[a(
g Xlef3. FiXe =X 1 £(3Ke) T IXi ko
e Uy $19Xo 2 Zin - equivariant taby Zm- map
)E\ : )?on — )/2,“ ¢ induce § 4 & Nwn, dﬁgtuf
g3 ‘L“?'W- )c v (Ko, DXo)\-}(X‘, IXi) (}{f(fé .
2) Hom.ata}v/ S‘moothina (X% homotopy tr.’angulat‘on)
R U ’E:z C.or\c,c:ra\ance class o &% : Zm - map
j‘\ X5 “‘?X:" A homoto}:/v Smoo"t‘/u'na T hée 3,
)? B o flﬁ)?o N 5),(\0 —3 5)?: B homotof)/ ezu.iva/encc
e dtu). Cacordance 12> v TIT0E & B4k,

3) (Stable ) normal bundle o FHh 2 normal map B ¥ g
normal cobordism classes @ Zm- mam‘)‘oM )zn L
L ecanonccal G7 i v +1)-227 o 'manifoU XM e %

-
==

XN ALY CiEA L e dn T 3. XM o atable
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normal bundle a X"t A X1k X3 X"a stable normal
bundle e T3, (X™ o 1295 1385 3). Normal map
(¥ 2 9 normal bundle n B 1) $)RHTID. %o
normal cobordism class 13 £A [)A(", G/ol c B-34 ¢
I A e R T S S,
ZH 5. X w B 2m-mam’foﬂd (nz3) et 3. %
2 3 Ro BALNN X Lo
85X 5 [X*™ G/01 €5 Qan (€ =h.s)
fBL Gan=2Zy (m:BR), O (m:Ff) i3,

Bemise] 4
Remark : m 2&¥% » B Qun=Z, 1345 4) = 3Kervaire

thvariant T 5 4¢ h 3.

¥~ ﬁ#k(m; Provs pakey) DL‘”H;’ LQJHCM) P "“szw)
S LH*20ms b, paka) BT E D R0 ABIEL
AN R\ TR Y I 3.
RFE 6. m B o

[tqk) G/0] 2

[L™ &/0] 423 7,

)
[Lq-k—z) GV/OJ /

t¥ WF:Q(‘ Z), ANap3 > 9 ’m.dj) i+ 0 T‘hg SMYJQthVe 36})5. -
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35 Main Theorem o%EER .

§0 o A A) BRo &) CIHKI W3

Lansa(@n) ~2 RIS oL, 60125 Z, o O
®) 't:l Q lu Q th":l‘

o

Lanta (1) 5= One L~  Toanu(Glo) — O

Sl T % /tra.nsfer map (cf wWall [6] 13A), TH®
R Z[EmIto 2 RBAEZ Lo 2 REEA e BT ERTH
), FAF 8y 123 mofold o universal covering ¢ 23(% L <
(3 Zm-action ¢S 3)EBTUH 4. 6= v ik, miBR
Do T e BA I 9'=d0 TER L. % ofeathAi
=0T 3.

mb§ia BAG 9= 048 » Th surjective TUdy 4 & &
6 Main Theorem ERBct:s ik 3, > TR FT s> @
§ m - fBRER 4 Ry & EIL . A X(B) & 0" transfer map
Lk (Zin) =S Lax (1) 0 sugjectivity (Wall) 1149, Hor
TR0 250 kfBERE T IT S0 Qe &l
BT, 7o € Imyge T ot 3. Nell3" GOI T

P

T =T, O)=0 tkhitzFto INFAT 3.
%ﬁ'ﬁﬂé‘ . Z:nH b t/}»e P o free Zm ~actiont & T3 AF o

72" ¢ bPanea RIFL ot s 31 t)«fe po free Zm-
action &% .

[0
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(FHEE 7. owe3t] no-BI o HA T BHR. n 1§ (n=2k~)
oA, T e[} &0 ¢ TEO=0, 60p)+0E
HET bothAEETCWdN. ol uRHL
CR I 3. g
[HA8 . o) o fRRle § B) i hw TT R /NNRHFH,
N neBReT 3. g ed ARG orbit map
T * Z’jk“—ﬁz,/zm 2 mapping cylinder ),(\4‘”2 (%
Zn—MamfoU T &§<=Zo/zm, X = T Gt 3.

(cf. €3.402). taedRoTRAA RfEA) v
(S

) | u(f( rel. 3 —-'Iﬁ[i/a?(l G/0] A 22
L akra(Zw) 2> K3 (Zo/Zm) —L> [ Zo/Z, G/0] — O
Ie bu L

Larea(D) 2 RS (Zo) —— [Zo, G&/0] — 0
W6 L), Ye [)2/9)2, G/0] T OP)F0 o to b
5. RBE3 &) 91K @ surgery T B MY § ix geometric
\2 15 normal map ]?: ICI‘”M )&““ (¢ j‘-lé‘M 13
homatopy BG4 0 Chb 3 03, (floft & diffeo.).
M 22 8 object (M,V,T) £%L3 £, VusH
@ universal cover, 2M = 2, Uy (disjomt) T
G(P) 0 14422 ') Mg Kervaire invarianl I+ non-

i
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