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* Some. Notabion,
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y LD_CO\!LV Standord torus pybifold ( L.s.Et.0)

Def A compact comm . effective  an-dim orbifold X
wLa Jloeql\lj Standand  torus OrbeDHUuS-f-D)
,:4) J effective action of TH[LLTHJ oru X p.t
V. xeX there exist
() Ty - Stoble neighoorhond U
@) NLM with fAkwd=n (1N =2 M)
Qith 5,1 Ty = Ty The indnced  surj, Homom
(3 (U,6,9): an obifold chank pver U
,OL(\DJHh. GQKQY‘EN ,
Ut weakly-eg diffeom & C"(the stardand T-space)
e - v — J : i,\eob,moﬁa totuch  nduces
g D/ — U & fomeamoyphism .



Remanh.s

(1) When G =1el For each orbifold chant ,
= X W oC ﬂ»OC&ljj Sterdand  tovus  momifold (!L.s:t.m)
@ X 4s.to
= P=X/tr IS o wmce manifold with Corners
In thy e, X o colled o Lst® over P
(®» L340 jenemﬁges the hotion  of qlaastoric
orbfold  studied by Poddan, - Santar.
(47 Js.t.o with boundany is olefinel ir tha
usuall manner.



Note 1
X3 an-dm L.5.t£.0 over P (fice n-mfd d>i+h covners)
to ifh i X == P the ovbit map.
Fee FCP) .o Focet of P .
For Vxc ‘f{(‘r—;) C % . MLs isotrop T
0 G Circe Subgrnup & Ty . J P

= ‘TM.x, defernings iL;L e ™M (not_ nec. Primifive )

Def. R rtional choroe . fun (r=ch.fun) o P is
X Fp) > 7, ot
toNeNev I Fia - (\FL%:}:Sﬁ ~Sor Pgé F(P
TR L - ARY b Lin.indep.




Note 2
Xt Los. oo wih orbtmep  Toi X — 7
Pi= P small collan hloc[ s AP.

&

= CI\QS : rlt\‘CP) — P i3 O~ PY'HC"P&Q' T ~ bundle

Jnere eyists o difeom @1 P — P
[eT M:Ex — P ha +the ﬁilommé pr:ncipaQ‘I”~AuholL

Exi= GX('(pr) — m(pd
A | |
P S
s Given o s.t.o X ovver P we Pave
(n AL Fe) >Z , om r —ch. funr.

(2 H:Ex —F |, a 'PrmC;Pa,Q, T bundle ’
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o CUTTSﬁ’DLC‘HDTL of 2.8.t.0 Jrom T—Cch.fun. and &

principall. T~ buncdfe. over P

r—

? Cf .tonn TLLce n-dim mfd D7t Corners
n 1‘-@) -ch. fun
Zx € > P . princpoal T bundle over P,
TF . codim R face of P
2 3R, -, R C%‘JLP) At F = accomp ef Fiao-afiy
KEF) i= <MD, - o Al > = M
K(F): = RO 0 ™M
: KCk)L—“éK[F) mduces a SWr). P omom

e >

Py LKUF)__'— ’E”F)
Qr += KCT‘)/K(:) 3 = Kev (S
Pt D TREF) © > T

KCF)
_-rF J = Jm( g“'(—-—))
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Define  X(P, A, pO := E/f~,
Whoe  X~Y M &

& /U([x):-_/,{(;p
g X =4y for some L& T

Define ; X(P L N > P 3 l————'B/ACSQ :
Jhen IQX@?\)M) B P ox XC.x.HIL

Lem_mgbj_ X(P;,\_,j/u) 1S A Smooth l.Q-i‘,O oer f
With.  Smoepth. orbit map u: X(Papy — L.
(w|

Notatisn . When M w o frivial T-bundle , we
dro? M and LOYile XCP, ) .



Theotem 2. X an-cdun L .50 ver? i the jaddced
A< P , T-ch. fun  aond
M E,— P . PY}T}C?P&Q T - burd/e .
= 3 T“'—e%uivaﬁaht oThifold diffeorn  Frem XCP.A W)
® X ouch thak
Xm0 —= X

NS

It

Def Two dodo CP A,m) omd (Pl l/{,) are  eguivalent
= J¢ P——"P_ diffeom ao mfds TR Corners
FCepadr(Z") ot
N(de) = 13U fsr YEe FPe)

g M= YD



Theorem?) XCP.A, )%) ond XCP/_,A’/«(’) oTe
T~ wea@j egiuoariontly ds ﬁ‘eomorph/Lc
<= (P& /4) o d CP;J\/J() ore. e?jqwu

F.q G ] Sg‘ {2, )& CR| 20+ 12l + 5= 3

QS (tita) (B, &, 1) = (L, 1222 1)

é S/T“’—i—i D=11%, % %) EIRXR) 274 x> +22=1.

X, 20 for (=] ,LS : eje~shapg

fFj(P) = {FI/F;LE
whoe F=T(x, ¥, 0 €P| o =a5

= §¥ = X(p.r) Lsto orer P ofone

AR) = U.0) . A(F) =(0.4)



(2) Lot X : Fpy — 7 T-ch. fun defimed Xy
AR = @b
W(RY =(c.d) with od-bc£0
ot ¢:Z —— 7 ha the fomn defmad £
e modvix O, cod
p
= BT T b e duced sug . homo
with  Ker(®) = finle abdion group
= %XIOL TXJ) ’_JTX'P m—dqces o
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o Construction of Orbifolds wift boundorues

Def R Fuce -pAlnple. mfd with mojihked facets
= (nt1)-dim orented compact mRY with corners Y
with. digjont mandeed. focets (R, -, Put < £CYD.
»L
WY i i@ , 7.e., Yeodim R foce of ¥ w0 a
conn. Componenl of dhe indersection. of a
Unigualy dolermined set of R facets of Y, and
(» the weoittex set \/(Y) = :Ef__l'\fCP.ﬁ

Let YCPi--. Pn] denote Siech mid.
Let R, --- . Fli= T3P . Pmt . and
il L fo ruzma,«:ru;rgL Focels ,



Def. A ratimol super ch. fun (Is-ch. funw) on
Yo, --- Pn) 1S a  Junction
CZ: {Fl) -, FwJ __'_)ZTL o
EFe) L L E)Y e Linind n
whenever  Fiy oo abe, £ &

(? : {‘F‘) -~ _} — Zn TS- Chj—?/’n— oN Ytpb“-apﬁ;-\

For each F; , Lok {TFCP)"—{ ST GD',ﬁJ'S
v Gbi ’3‘ FJ © Ramauning focet at

G;. = KoF

8 L

= r}\j:ffﬁ:C%j——%Z , . § > 2(F,)

L

i3 ot TY-ch. fun o Py



Given
() YLPi, . Pml ¢ (n+1)~-dim face aimple (oyi e rtwdle) m£d
with markedfocets  Pi, L Pm
) Z; tFL -, mel = FC\’)—{?,;';?WK — Z&m,rs—chﬁn,
2 € & —=Y : Smooth principad T"< bundle sver .

v vF:—Fa.ce of Y of cotum H , two coews :
Conoe Vv F  a Foce o3 P, Hor vome v=/, -.m
= I 1 Fy, - FL'%} ; )Zszrnaimj focets at
F = oomponent of Fya - aFy, 0P
Caee 2, F w not o fuce of amy Pi
= 3! {F -, F(,%g \ mm&uﬂg_ focets .t

= CW\JPDY)Q'VLI of R;f\"—nFi%




el
K(F) :(<?(FL,)J -, P(F, 0> i Coas 4
<UFd, == P(FLDD> in Case 2

Define &n eg. nelafion  ~ om E
Koegy &S MOD = U & X=uy  Teme ueTs
Where T¢ 1 defined Aim;lwu% T the Previous discusom

Define W(Y,%,7) = E/n , amd
T wlY, %, 2 > Y | e M) .
Jhen T avW(,7.7) and T w the orhit map,




Theovem 4. Under the Same nolation,
W(Y,%7,3T) 1 a (ned -drm (oviendalde) effective
T-orbifold cith  boundany 0.t
W (Y,%, ) = disjornd union of (eriendoble) LSt

-

C T:Lx Yy — Y
triviel T -bundlie mren Y.

W = L X (p; ki)
> called prhifold Tp* -
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« Application & eguvali ont  Cobordism &~ torus orbdolys

Def . Twso 2-dm (oviented) L.s.€.o0 X, Xa are
Quivariantly  obprdomt
< 3J W lan+)-dm (oriented) ,T"—orbifo/d ot
awg X Il (—Xa)
CY?QYII:—PTQS. Lifeom.
Thm, 5. X i an-gm (DY,‘QNL) L.s.top bkwh% (}(Tn\ = %
= X & 09 Coborderd o ZJ:JT Z¢
tohere Z. . orbifold @P'“



( S¢etch of Proof )
P = )S/Tn C n- im e mfd With  cormers
N FP) =R, Fmb—— Z . ossec. r-ch. fun
VP i= to, --. Vel « the ventices of I°

? = Pxa : tntd~dim, yuce. mfd with ¢corners
Fr) = {F’xa P @xdey | @xry3
J(Y) = {U;f*mfbxf\‘]g [ t=t. - 4. G=0.13
Y i = vendex - cul of r\\/ﬂ the UCrLices

VP, - L U

i o nt+1)~dim. rdece. mfd with corners

D
Call the Hocets of Y *erg, FooL =L oM

and. Q. S L= 1, -, Rt w0 e Tha 7QZ>//OLOF7\3 J‘:‘gure






Deﬁne YS —ch. fun on YEQD"'/Q-&HJ
7 Frv) —— 28
Ly ?(Fj’) = {7&(1{,) , 1si<m
Ao J = M+
Whoe Ao w oMy loment in 23 wrfich
Mekas ? 6o TS-ch.fun, ond &Uch As can
be shown To éxist.

7 W, 7.2) b oo T-obibld Witk
oW = 1L X, 1 X

L=) —«—

\\OTbi"jLDICL @'h. ‘ -



Ooroﬂw £ X . an-dum (ovient) L.5t.0 Wit Nz & .
= X = 3n whoe
W s an+) -dim (ovient) effective T - orbifo/d .



* Some further reswlts on  4#-dm L5t m .

2
T

Theorem?7 . X i %~dwm ovi. £ s t.mamfold with = ¢
= X = Ju byhene
W: 5-dim 0Ofi, T-manifold

(Provf ) dat X = XA whoe
P a-dum MmN  with Corners withoub ventices
= Puw a “?rgumded AUYTOCE , Say
3P = C.

<=\

By Grollony 6. X =3W(, 7,0 whow Y= PxA



fe.
Siﬂ?r(\/\/(‘(ﬂ,t)) may  ooCuy m\(\\j in 1Y>1(_};[?:'( Cix i)
Choose swmall Mbd Ul of  Coxfoy jn Y=px2d
for eoach 1=1,--. % 0
() U = GxWRyp oo mfd with cerners
) U & CixA 2 P
(i U alj =3 W i+); %
Gv) Ui o P = ¢
= Uua (YN ﬁu;) & XX
C=
L W= wiY,7, 0 — fﬁ_'ﬁfcua)
= W o T -mA woith
ow = LL(W‘%)) X

C 2 2
Jnis s tivial 17 -pndle becouse HCo»X Y=b
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/\fo'tib (1) C‘FZKC,,XA)/,V = 'X(TXA "’)
@  TxA/v = [(p.  Lens space
Erae g
D'rL ﬁ(A) o= fowe the Hupcthion A FCA)——PZ,
° — Ot_ff_‘ev‘-N o— ‘
AR xewy  MENT qe) Ggelp)
(o' b) C. o st p_gi are nell, Prime.
<

(3) LGy b T-Lomdony . _



Theorem § . P: a-dim nice mfd with corners at oP+Y
M: ¢-duom L.SE.m over P
= M is ey -cobovdant (by S-dm Tombd) G

2

Some, copies of  CpT .

(Provd) P is oblamed from  a dosed swrface Sp
bj removing  the interiors of poly gons  Gry =@,
C\je-shapas Qa,, - Gy ,and ocieks Qg , --. A
(Fr simplicily . oSswne v =38 =t)
Lo P= SpH O # Q. HQ,
ME XCPA,t) , Thtvial becanar HIP:2) =0,
e (T*xSp) # XLQ,A\HM ﬁxm,_,k\mzs(@&um?

'Tz‘-%,(?[;bowjo\*\k (T XSP’)J—L l\ X(@\ ;\—‘*CQ[‘]>

u-’l

T Lroundony




Now we can show T Following
(M X Qs t.m over a ek D
2> X ,s T- (,Jeak% Qséw\umcanrlj diftermy B s'x &
whoe T v $x82 L gzwe?\ Ly
(41, t2) (B, 2a,25) 6&\%. txza, Z3)
Slvs® i l‘%wmrnan% oo Aroundany
(QJXVQSt?’Yl cUeL o RYe ~Shope. |
2> X T-o\>@c\,lb&jfl§w\um<an1'/j diftery B 56‘
e TV S7
(ti,t2) - (B, 2, 20 = (td, tads, x)
@ Xt LsEe.m dver an n-gpn
> X woa g»uoxu'. toric 4-monifold
By Bafdkm} X o T cobordarnt &y Sbome T?—Coborfi;sm

Claases o ap m



Theorem, 9 (o, bu) (03,4

X Orbiksid Hirzebruch Surface \
Corresp. to  the {:Sure .

S either a4 =£(04,8) / b
or (g, ba) =208, by), (€,b)
> X = 3w

WA W = 5-dim onentable T - Ovbitold.

(P\’Uﬁg—) Assume (Cl); \'}l) = (03, b3)
v Consder
Y L, 02, Q5]

04, be)  5ith 93 Flr) \T0. 6. 0
_ Zo"

CGa,bs>

oo i fhe Flqure



= WI(Y.9) 18 o5 an orient efective orbifoid at
dw = X0, %) I X(Qa %) AL X(@s, A )
wWith M= %}fﬂ@o
H@YQ XC@],:{.(} = X » am_cl
X(@2,%) , X(Q; .2 * L.s.t.v pvRr ¢y e-shapes Q. Qs
Jhese are T - boundarne, oF 5 -dim. ovi entoble
T ovbifold.
S X v oo Bundoy, u

COYD”MIJ o, X = Hirzebruch Swface
= X=3W (how
W: & -dum Oveent. 72—-mfd,




Arpendixi New Constmction of lens spaces.

A Fop) —— 70 %Jpe'r -char.fun (A-ch.fun )
e, W‘BQT)QU‘QJL Gi., N --- (-\G“L + 95 ; then
1@, - NG foms pak of a baets 7z

N
ot L(P Y= TRAL
ok (1) ~(s.9) & x=y & 1SeTp,

ord. Tr o deflomad a0 Befere

et Hy 2= Z7YL/< NGoy, == AGr)D
> hk(<xe), - AwpT 1o T



Proposfhmrl A A-Ch fun  om A
= LA 1S o Gn-n-dim T = orbifold
C@cfuafb o topologiaall manrﬁ/c{) omd
() AMAH) =1 > L) = Sx(tp
(z)% MelHa) =m = LQA“ ) = s”‘/Hk

cal [ed kjenemﬂagfui Doma Sp-

)Joaan conisidet
AN v mmdm. aumplex widh rentices Vb, --Un

Assume 9% F(L) —— Z : rabionad funchion st

IR, o, F) CF(AY st T oo Rk

PR, - 2 (Fin)) forms a pot of basw
Lshenever n-4L50




Comsidon. Fhe voilex cut  Yi= VC(X) ar e
vetices of A

-PL S ’p—(.\f) focet pbhtound from  +he vente x el of U
_> D; = n;

GLJ G?CPJ S! F € e FIX)
2t ij = F) N P;
DeSme  Ai: F PO —— 7" by
Gy b > (k).

= 7L W a fﬁ——d\,ﬁ&n on. Py
Wit LCPe, X)) {jeh%%zd Jomx space, .
‘ ( an Drblj%[d)



Now  considor Yo, - Pul , Fe vertex-cuf
Y= VX)) with the morked focets P - Pm,
wifn 9 R, Py > 2 00 defunad
SENE

Grsidon WIY,9) = Tx /L,

= WY, 1) w an an-dum T -orbifold at.

WY, 7)) = AL LIp, A gen. Joms  space
L =3

R’DPDSVHD’YL |12 3w
— UG n
No: F(A&™) == Z°  h-ch.fun, oekned
'i\':b i’ = (-Z')— 2,7 ‘_(ZYH B) ?) ) (J)-f%l.):i-vt:

F, — & r=v< Nl

1

"-% L(AWJ,XD) — LC'PJ 21> Imy) (,{su_a.!L Loms sp.-



: Spec:qQ

Q. When n==3

A A =
Ny o FCAY = $90), §1)3 — Z

Lo_. 1]

2

Avc{of) = (].0)

Ao(i) = (9.9 with

= L(&,’)La) = [.C'P,%).
( e mey acgwne <P ).

Lerrum 3,

Given (a,b)) c.d) &

oith el 14, b} = gcdfed]
S 3J (e f)eZ ot Gedfess=1

M—* and (dd'[fefd\]\<r

| dat [

ged LPPJEE =

7> ot ldof (Og

and

o 7ol




'Theorem /4. L(P, ‘Z,) oD Tl- egw'uamly a\_o@-omzd%
je. I W : Smooth. drient. %-dim. T°- Mman;j fo/d
with W =L, 9).
More pyer, we€ Can And W ot Tlw) =1
(Proof By lemma (3, I (FLpd. - -, Qp, PR ER
L2uch  Hhot
CgI; P)) — (.(_D)
(F&. P22 = C“E, D
| oot i";‘ 23,‘;-;” =L Yoo ke

J\/OLD Const dan ('ﬁ“)*g@n (2 Wi fh
(\/CQ) :'?UT, > J‘k—f/g
(= T
(IL’CQK> = '{ﬁD:(U/ﬂYfeﬂ),}"'—C[)?ﬂrl): T ’E’:Cﬁ—vf:-ﬂ)g
?: TFU " F—&j — ZQ » Foi—— (3, Pc)



(?@flb\/( \ Considor.  QWUFT © Q wifh » movked

amdA_ (lcr\s’rrw_t

"IN N W@, = lXQ\/“’?
V’M = aw =Ly
. L ¥3 = Hp-ga.

[%r,?:) (4., 0) Since thow 4o Mo SFnM,
’ W e o shssth mfd.

[ef E= C)T‘, = E u o o(n.vg efroct of Q@
= A® i a def . rotroct of WQ.7)
Fach ’T(F)‘:.s aa’“ TIFD a ;Lmﬂ):Pt Ve o e et

S qM(E) = VS i
= MWD~ US> = 1.
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