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Chern number formula for ramified coverings

Takeshi Izawa
Department of Mathematics Faculty of Science
Hokkaido University, Sapporo 060, Japan

September 19th, 1997

Contents: 1. Statement of the main result.
2. Applications.
3. Idea of proof.

1. Let f:Y — X be a ramified covering between n-dimensional compact complex
manifolds with covering multiplicity p. Let R; = 7, 7;R; be the ramification divisor of
[, and By = 37, 0;B; be the branch locus of f. We assume that the ramification divisor
and any irreducible components of the branch locus are all non-singular. The main result

is(n=>3r,1-N;):

(e eeee™) (V) = e (e - ) (X)

=2 (HTRxcl(LR,-)) n[R]- ———bi(rrf Dt fen(Lu)) 0 [BJ)
— Z ZO bi( - ++1§)a+ )Pa(cl,(Bi) coen(B)) - el(Lp)* 0 [Bi]

where we set formally

) =+ (M0 + @07 ) = @) = S Pt

a=0

P, is the coefficient of [* of H(l) as a polynomial in [.

2. We give some applications of our formula for particular cases. The result for the
top Chern class implies the generalized Riemann-Hurwitz formula

X)) = p-x(X) = =3 b x(B

which is the special case of the formula proved by Y.Yomdin, [Y].



In case that (n = 2): (see [Iv]. )

Cg(T}/) ﬂ[ ] M CQ(TX) N X Zb

a(TYVNY]—p-e (TXPN[X]==3 (267: x(B) . + 91%:—12)31- : Bz-) :

7

Now from the fact that the signaturce of the surface is expressed by Ly = (1/3)p; =
5(—2co + ¢}), (The calculation for T and L-genus is found in [Hzl]), we have

Theorem [Hirzebruch formula for signature for ramified coverings]

Let f:Y — X be a ramified covering between compact complex analytic surfaces with
covering multiplicity j, Ry = 37, r;R; the ramification divisor of f, and By = %, b0;B; the
branch locus of f. We assume that ramification divisor and irreducible components B; of
the branch locus By are all non-singular. Then

1

Sign(Y') — p- Sign(X) = g(pl(Y)—u-m(X))

= {( (V)P = - (X)) = 2(ea(Y) — p- eo(X))}

r1+2

= _Z B; - B; .

We can also deduce the formula for the Todd genus, which is 15 (ca + ¢}):

Corollary Under the same assumption of the above theorem
1
T) = p-TX) = Sel) = p- X))+ (@) = p-a(X))}

= — Z <%Tl (B;) + bul{ri +1)° 1>Bi : Bi> :

127'7j(7‘i + 1)

Originally, the signature formula for cyclic coverings is formulated for 4-manifold as
follows.

Theorem [ Hirzebruch [Hz2] | Let X be a compact oriented differentiable manifold of
dimension 4 without boundary on which the cyclic groups G, of order n acts by orien-
tation preserving diffeornorphisms. Suppose that 'Y is differential submanifold of X, not
necessarily connected, and has codimension 2. And G, operates freely on X —Y . Then

9
n®—1._., '

Y - Y.

Sign(X) —~n - Sign(X/G,) = —

13 . .
where Y™ is the branch locus in X/G,.



3. We prove the formula by applying the framework of the localization of char-
acteristic classes based on the Cech-de Rham cohomology theory. ([Lh], [Lh2], [LS].)
Classically, all sorts of topological invariants can be calculated as the integral value of
differential forms through the de Rham theorem, which gives the representation of co-
homology classes and describe the explicit corespondence in the Poincare duality. The
Cech-de Rham cohomology theorey plays the same role for relative cohomology groups as
the Alexander-Lefschetz duality. So applying this analogy, we can localize Chern classes
at the ramification set, which gives us more specific geometric information about what is
caused by degenerancy of holomorphic maps. If f gives a simple (non-ramified) p-sheeted
covering, then we see that ¢, (Y) — e (X) = 0, which suggests us that the gap is brought
about the ramification. So we expect that subtraction of Chern classes can be localized
at the ramification set. This is the principal and primitive idea of our proof.
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}iyperbolic 4g - gons and PSU(iii)-represethaJ[ions of surfuce groups

Takayuki OKAT (18 # #47)

$0. Preliminaries
Let =g be an oriented closed surface of genus g2, First of all, we fix a
marking (&, Bi, <5 oy, ) of Zg 5 affer choices of a buse point ¥ < =g and
an element of inner aufomorphism of 70, (Zg, %), we have a system of gencralors (x;,~ (%)
of W (Zy, %) with reletion i\: (i, g1 =1, which is a representative of the marking
CHEEES (§3). Thas the choices of (s <4, - fy) is nathing but the choices of homstopy
classes of paths from o fixed pont %€ Zy to arbitrary points k€ Iy, which anstitute the

universa) oovering Zg of 7:3.

Definition. (1. For  =(%) éURM)g, T=@) e®yo) ad ¢ = (%)) «
([R/2KZ)48, the triple (4, 0, 9) is said to be o s/vsJ(em of date of « marked

l'\yperbo[ic 43-8% if it satisties the ~~?c“ow‘m3 two conditions :

49
O P =0 (mlax)
J=1 g
3
@, TT {ehtd) eCuy) eh (B) el Bua) eh () e(Pain) eh(B) e(@a)} = T

‘ J
L3P
< %) Sh(iq'] ell
Where Qh(ﬂ:[sl‘:i&—) ch(_gi)] e PSUW Y, elf)= [0 eﬁ‘?} < PSU, 1) and

=A e Ay,

o
1]

i

=1

Ai

@). For « sysfem of data (4, T, ?) as in @, o macked hyperbolic 43- gon

—~—

(2, 4, P) is a collection of successive 49 otiented geodesic arcs in the Poincaré disk

[Dz, hamed as o4, @, &, , (fl, Ty % () 0(5', (}S-I (some of them may be sheinked fo a

Pnin‘t) with the 'Fol[owina Frorer‘ties;



~

(I._) fengfh a? o = {ength of o(;‘ = ,0{) lehg‘ﬂr\ of Fi == l&hgﬂ\ 0'{\ (ji\l = _Qi
(T=4,+59)
2

(i\) “the ex‘te‘ﬁorahales Lrom o s (31 5 from (ll * 0(:‘, T Srom (3; o o are

CP\, (Pl, AR , (]D48 R Y*Q:PQCJC‘NQ()/ .

Note that +the condition @ is noﬂu‘ng but the condition that X (4, T, P) forms a closed curve
in [DQ,

Exumg‘e. Given o« Riemann supface (ZB’ XY with marking (o?,,“-, (53) , a Fainf
LSS z@ and @ S)'SJ[Qm of gqnerajto‘r\? o, =77, (33) of T, (237 x) represen‘{'jng ("%n, "ty (;3),
we can construct o marked h)/fau\lm(ic 43- gon Xﬂ,m =>S‘)m.(ﬂ, Y, (f)) (m= (o(.,.-.}(Jg)) é%)
with Ji; B >0 Ly Jt'ruing the Uni que realizations of o, G, 0/:’, (;;.‘, v, Oy (33,0(;, (3;,

which are 3@&&;\‘@ arcs “Prom % to % .

Facts ({021, (03)). (. Using the abwe marked hyperbolic 4§-3on Xg,m (4,3, 9),
ofter fixing o Bt of the geodesic arc o o the direction of the real axis < D° sluding from O,
we an write dovn the holsnomy representation P = P8, R, ) 1 m(z,*) — PSUWD),
which corresponds to the given marked Riemann suface

4i-4 414

@): i Pea)= e (£ %) eh(d) @ (T = Ppica + Pat)) e(_% #)
| = 7 . 41~
.P ((gi') = f ("T\"t‘ ;Z:: (6') Qk(in) e(—T+ ((P[tf~3 + (P‘ﬁ‘l)) Q( T — JZ:T'(% ) )

Here we vemurk that, underthe cndition @, the condition © s equivalent to the refation

3
0 peny, pel =1,

@, A holmumy rtyresen‘tﬂ.ﬂon £ is saiq to be in_the standard ,posifhm it ax(pw)) =
the veal axis and  ax (P&4)) o ax (PLEN) = {of < D*  (here tor @ h/PWL"“C eleneit A € PSU),

ax(A) denstes the axis of A ) For any }mlanony mpmsentﬂm\ prm (Zg, %) —> PSU G, 1))



we cn construct a con(juacf(e transtormation in PSUWLD g0 4hat P is fransformed fo «
representation in the standard pesition, T rqr’ticulqr, we can determine a geodesic arc $
from Po :&‘A'@‘ t ¥, which Fives the identification (asa mark‘mg) of (o, v, 67) <
Ty, 0 with o “concnical” gyston of generators (%, <0, fy) € W (Zy, po)  defermined by
the anditions %= & end (7= i (F @ closud cove 7€ (23, R), T denstes the

u‘niciu?_ closed aaedesic *Fret“‘(\omo"topic "{fo T.)

Remark.  For mo= (po; -5 05 ) « 2y, e marked hypeckolic 49-gon Xy
becomes @ convex 49 - gon, hqvina no self witersections [k1; thus this surrounds «
Fundamental domain of (Zg, %), I, generad, Ko (1,2, @) is st elways convex
(Example of S. kojima (see Appendix)) .

81, Case for the [eichmiller component .

It is well-known tht the space of representations  Hom (M (Zp), PSUGY) /conj . s
decomposed into its connected components Hom(m(Zg), PSUQ,1) ™" /conj (ne[2-29, 29-3]
0 %) by the Eulernumber € of representations [G1.  Note thit the connected componerit of
e=2-29 is natunlly identified with the Teichmiller space Ty of Z.

In §0. Fucts. O, we have described the hc[cncm/ reresethcﬂtion PAT, 9 From the
dota of marked hyperbolic 4g-gon  Xg (4,7, ®).  We claim thit the converse also holds :
Sfuﬂrina From an abstract representation P m(Zy) —> PSUGL) with e) = 2-23 (unden
q normalizition € P= 0" (see be\ow')), we can defermine o marked hyperlm\ic 49~ gon

which reproduces the given P

Lemna £.1.L. ( Guctin decomposition of SU®)),  Any element [£ 2]
ax b

PsU@ 1) with b=o0 s uniquel)/ decom posed  as [\ ] = @) ehtd) o(®) with

b @
JI>0 and C}-E; ® e \RAWZ



B i
Proof. Ia ‘ch't, if we wrte the IH:'tS of Vf %] o SUW) o5 & (]QIP_ le ) s

e o) e t0

2,9, ® ae determined by 4=2 jbg{lalﬁ—n}!&\*lg and (B,0) = 0tY,9-¢)., 1

Mere we remark that  ((04m) + (ha10), (0¥0)— (o) = (04%, B-%) mod ol , and fhus
(8+%, 0-4) does not depend on o choice oF @ [iFt in SUM, 1), We abso remerk that “2=0"
carresponds to “b=0" and [% f-l] can be wrillen as e (B)<he)(®) = e(P+®) for some
Eand @ (anly thesun P+® is vniquely defermined ).

Recall that the description of P2, T, ) in §0 needs a normalization for the position
of o [ift of geodesic arc o . When we decompose P(L, T, ¢) () as e(®)eh() e (8),

A . VL. o »
this normalization can be writlen as the condition @, =0",

)Q=1-23

Thus given any abstroct representation fe Hom (m (=), PSUM, 1) (or
equivalently, given elemeats §'eq), Fify) « PSUWY) (=} -+ 3) with i{[?@ca), P(p)]
=1 od e(?)=2-23), first we decompose F60) as e(£1) eh(d)e (@) (note that
& >0, because P is a hyperbolic element) and put (BT () =p. Thisp
satisies the wndition “Fi =07, Second we give the Gutan decompositions ) =
e(2) eh () 2B, prp) = @) ehT) @)  (i=y, ), where $1 =0 and

L, §i =0 ,  and seek for P = () e (R/mz)qg safiﬁ‘)/ihg the equations (X) for thisf:

LQme 1’ 1'2' Given §i; ®‘L7 %i) @i € IR/LWZ (i=‘;”‘;3) W"Jd’\ §‘:0’

H

. . 49
the S)/sfem of eqm’(ions Lor (Pa' € RfAavz (=1 ,43) with 3'25 ¢ =0

bk ‘ : 44
i o (o= Pua+ Pa)) + (= £ ) = O,
411 —~ . V {3_&:‘ 3 /\_,~
—T -+ 3_2;_[ fo= B, TPyt Pat-2)) + (-2 ) = &

has @ unique solufion KEIUR S (=1, 9 (rodg))

B Yo ) = wo ® + ®
Py = — B - @i
P = -1 - 3 + By n



Now we can di'rec‘Hy check that +his (Q,’Q\, ©) catishies the conditions © and ©® 5 thas
we obtain a ssttem of data (L, T, 9) of @ marked fundemental 43-Jon, which satisfies
.P('Q? ’_Q“) (P) = .P .

Summing up we have.

Theorem 1. 1. We can construct o one to one correspondence between the

‘Fu“awihg two objacts :
(1), 1([3 € Heom (m (&), PSUG, )¢ 2‘)1?} P sotisFies the condition “%=0" in the Cartun
decomposition Pe)= e(®)ehld) e(@r)} (which we denste by RQFZ:? ,
@. (T, 9) € Ron) x (Rool x (RATDY" 5 (2,7, 9) stishies 0,0 and e(PUT0) =

a-2g 'y, OO

We note that the procedure of the normalization “H =0o” gives en S-bundle
Hom (m (53), PSUWD) ™7 s Ry ;::9, because every P with e(p)=2-27 has a
Cartan decomposition Pea) = e(B) eh(l) (@) with §i >0, so that the faclor (@)
can be specified in each P.

Now we investigate geometric meanings of P e Reps . Using the method of
Facts @ in §0 (see (03, §2, Remarks @J), we can determine the standard position for
this P, Alse we can determine o base polat % ¢ Zg and o representative @, -+, pg) € T(z,)
of the marking o, (303) , Using the ‘mﬂ\ " specified by the standard position, The Hact
(Theorem £.1) that § can be regarded as P2, P for o unique marked hyperbolic 4g-gon
K(LT, ) means that, if we realize (&, fg) as the geodesic ares from % ok with respect
To the hyperbolic structure defermined by (P15, the resulting marked hyperbolic 43-gon (see
30. Brample) coincides with X(& T, ¢). Thus ' can be regarded as the helonomy represeifon
T (2, ¥) —> PSU(G, 1) (s_q’(isfying “§=0") for q unique M=k} ©4, 5 fg)) and a

unique hyperbolic structure determined by (F]7 and X, 1, 9 wreesponds fo the realization



of (e, -+, (33] l)y gzodes‘«c arcs,

Converse(}z, given any T 635 and any =35 W, (38)) € % , We can construct a

€=1-19

unique f € Rep § =0 with the property that PER), PIA) are reﬁahled s holeromies by closed

paths o, i From ¥ T K with respect T the hyperbslic structure  determined by T=1p.

e= 1—13

T‘WLS ‘H\Q SPQCQ RQP 3,=0

has @ product structure Jé Xi@. As a sumnaey, we

have the 4:0”0win8

Theorem 1.2,  The PSUMD-bundle Hom (m (), BSUG D)<=

Hom (T (Z9), PSU(i,l)jQZI—la/coné. is decomposed into two Frodmf fibrations

Hom (m, (Zg) .PSU(i;'l))ezl_zg === :7:7 x ;fa x S
A4
Rep Groe =~ g ox =g
| l
Hom (m (Zg), BSUL, 1) T conj . == T

e=2-29

Ly each horizontal space Jy x {m] < Rep 520 (M= O Gy, pg) € 2'\:;7), every
elemert P is endowed with o geomelric meaning os the holonomy representation Ta(Zy, %)
— PSUM@D (with “®=0") o the hyperbolic structure deformined by ) < J5 and
the specified generators (n,--+, B3) of T (=g, %) , whose vealiwations by geodesic arcs
correspond o the marked h}/FekLo\iL 49-gon of P. Msreover given any Pe RQPZZ?,
using the standard position of P, we can determine the point m e%, for which P beames

the {’\D\DhDW\)/ representq‘tion. L1

82. Components with small Euler numbers,

For represertations P with e(p) =2-2F, 4 give a sy:"revn of data (1,7, ©) was equivdent

o give (the marked isometey class of ) a marked hy perbolic 43~ gon X4, 3,9, becowse all fi



and i mist L pesitive and ths we can determine all @) wniquely From the pictare of X0, T, ©).
For P with le)l<a3-2 , the situation becomes differant @ A syctem of deta (2, ,%) defernines
aonique X (L, T, ), but the converse is not true in general,

How is the relction between P and (0, T, 9) (<f, Theorem 1,4) 7 Of Course,  given
any (0,0, ®) with © and @, we can defernmine a unique representation P owith “%, =07
by the formule (#).  On the con‘Jcmr)/ , if we are given any P with “ = 09’, we can
mike Cocfan decompositions Petr) = e (1) eh(8) e(®) and Plai) = e Fe)eh(Bi) e (O0)
(with 0i, Di>0) , and using the Lormula (ﬁ’ﬁ), we twn construct @ system of dota (2, 2, 9,
Here if i (resp i) =0, only thevalue i+ ®i (resp. Fi+Bt) is weli-defined
and thus there remains some freedom inthe determination of P, Nevertheless, we wifl claim

that P can determine « unique marked hyyerlao\ic 4g-gon X (2,7, 9) .

Theorem 2..  There exisls « map £ Lrom {PeHom (M (Zy), PSUMLD) 5 P

saticfies “F, =07 g = RQF =0 t {(markedismnefry cass of ) marked l\)‘/})edomhc 49-gons
X4, 1, (P)} = X . such thet the ﬁHwina diaamm commules

F,T,0) e Ryof x Rool % Rarz) 5 (1T, ) sctisfies © and @ |

W
(2,%,9)

2 X0, §
&

NN

Moreover the maps X and + are Lia‘ec"[ive Hweare restricted o the case £ >0 and Ji >0 G5,,9),

Broof. Given any fe ReP g =0 5 We tuke an arbitrary (), 0,9 suchthat P=

UL, 7, 9) and define the map T by P—> X (4, 9, 9). We will show the well- defisedness



of £ 1 Suppose that L=0. On the representation P, we have Per) = e(@i+Ot).
On the marked hyperbolic 43-gon X(4, T, ¥), there are contractions of edges to points nd
thus in the picture of X(2, T, ?), some oufer angles appear as “ssms of some ) 57
Because the (enaths oF edges oi and of ' become O the collection of “sums of ®'s 7 must
cortuin Paig + Paiz and Paicz + Paizt as summation factors, Nofice thet in the formule
), only Pai-y (vesp. Paics , Paica, Pai-t) contains + @i (resp, + &1, @y, - $;)
among ¥ ’s. Thus the “sums of ® s " must be written in terms of B+ @i and other
Pp, O, Ba, On (f¥i).  The cse for Ti=0 can be treated aswell. Ln this way
we can determine all the appearing outer angles (which may be sums of ¢ s ) in the picture of
X(8,,9), oy using the data of P Thus the myp s well-defined, LI

AEEE"({M‘ Example of non- convex marked hyperbdlic 48~ gon which surronds « Tundumerfal domain
(4’ apres Professor S, koa‘(mq)

Let us stat with the reguiar marked hyperbolic gctagon with al| the iterior angles 05 =
d 41 d g Y
-y = %E“ . After the Pmcedum of Fus't\‘ ng, we have o Riemann surfoce (Z2,R) and
5€°4€S‘C arcs o, () o, @1 ‘FFO?Y\ a {;nin‘t pe Za to P (p corre,sponds to the vertices ). B)r
symmetry, pis situcted inthe closed geodesic [@] . Now et us move the point p
S~ o~ . o
Q(vma Gty il to the direction of [w, @ 5 we oblain @ one qume'ter 'fa,m'\l)/ of points
pet)  (teRxo). We can show that, For all t<Ryo , the geodesic arcs o), <, Galt)
From pee) to p), representing the given warking, are all simple and have intersections
only of ptt). Thus we obtain @ marked hyperbolic 43~ gon which surrounds o fundamertal
domain of (Za,R). Alse, as T — o0, dl the interior ahales excesl for Os  converge

1o zero § thus 05 becomes > W for enough (qrae t.  (See the pictures below.)
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Theorem 2.1 (Keen [5]) G & D IZ{EHT 5 (9,0,m) 2 (2g+m >3) DT>
7 2AEE (DFEY, D/G WHEHE g Tm HORERFO) —v VIR D) ¢ 75, &
DEE, G OAERTTER Y & LT, REWETHONREND :

(i) Aj,B;j,C; = [Bj,Aj] = By 'A;'BiA; (j=1,--+,9) & By (k=1,---,m)
. B 2.1 O XD e ORE AR OB L 35, 72721, g =0 (resp. m = 0)
DE XTI A, B; & C; (resp. Fy) #ER<,

(1) ¥ = (A1, By, -+, Ag, By, By, - -, ).

(113) Bplog_q - -- FhCyCy_y - - - Cy = identity.

O

COEHOFER (i) & (i) i L. G BEBT DY —~ IO EEAREOEHEAE RO
RFETRPDIDD, EBE. A, B 120 < EOR C—D2D 2 B, Ey i
—ODDRODEDLY B EDLDAERITTICKIGT 5, AA 0 (1) OFERE2H05. 2
X A, By, Ci, B, OFEBS OB 2FEE b VWA D, GEELT 47 -7
Ty 7 Wb S EAKRRI (1,0,1) BUERSEEE (0,0, 3) BERSFECSEIL . HHE8SY
HOARITOMOEEAFTARLZ LT, ZOTESRED, ZORLUFE., AR
DOREELE IR E T 7~ IR DFEBERWTCRET A HEICLICTn5,

Bg Ag

>

 Ey

2.1



Definition 2.2 FH 2.1 Tl AERHITTHR 21X (9,0, m) BHEEERTTR & Vb
x;so ToD (g,0,m) BIEHEARER T = (z;) & Be = (y;) W, %72 h € M(D)

2k AT ONEE G EE U THAERTA 3y = hah ', DFEY By = AN A £
ﬁé?j‘* BEE & WD, (¢,0,m) B4 £ =2a5—2/M T(g9,0,m) (2g+m > 3)
EiE. (9,0, m) BUEHEA R ITR O OFEE (2] 2 0ESGTH 5,

[

EYEAER TR ERE SN 7 v 7 ABRHIEHEE v O RAFE L VWb D, A
KR ETRET D ik, ERTOIEECTERT LV —~< mONY R EICHE
B 0FED R Aol 0niD, Fe, 20X ) —~ UIiTERTE
)—< W& VDD, REREREEMIGRIT, ALY —<vmEmaERLTANY PV
EROFFHRCKT S, DEVRUERMS YV —~rHEaeRTEWVWAD, AR
X7 v AFEE, RMEREEA N TR EE YL FICREE VWb D, HHNC, —
DDV I AFEND BEREERTTRERY AT LT, FE TRV E T v
7 AREDRHERL TE D, T(g,0,m) i (9,0, m) BIERRAT & 7 » 7 ABOREESEO
EAHLEDLVR D, &< (REMICIE 1 9K 2Bk 2 FIET, IROEHEDR
ShTnsd (FE 3.2 =8H),

Theorem 2.3 T(g,0,m) (2g+m > 3) 1% 6g + 3m — 6 WILEMHTHIZLHRME &
5,
O

EETL RO TR EIRD & D ERE LT, EFAMITE TH BARTHME
DB, —IREMDOBN 2B R D L ETETHRILDI EBTND,

Definition 2.4 A € M(D) B k21 30kmiis 45, Zns &, X € M(D)
TX2=A%ZWHlTbo (M-ICRED) 2 A OFFBLVW, AYVZ LR,

|

A AV BRDDHERES Th D, EEE. A OFIERBE A LT5H &

AY? OITFIERBUX

+1

|tr(A)|+ 2
41

|tr(A)] + 2

(A—1) (tr(A) <0 OHE) .,

(A+1) (tr(A) >0 OHE)
EIRD,

A B—RO—RIEWD L & 1213, X CHIREMA IR e, SO L 57 X E3HE—
WCRE DR,



3 REZEHMEDFAMEZaT—EHDOEEMNT

P B 1.2 BRI~ D ERHEA FOTR O REE 2 R DRI W2 b
hodZE&iRT D,

Problem 3.1 IEMEERTR X CAREND 7 v 7 AREEZ B, = OREOMN
TSSO | L— A ORI Z < OWFE L. S b DT[] & EHTicdes
Wl &bic. ZOEHIER LR X,

x b L—ROEIMEZERIERA L-EHA :

(1) b L—ROHEHEIL—RERO L TRERO T, 3 OO L HIRVIFE
83 ] TOR®REFFOELRD,

(2) RMESE [X] OEROITIER TS & U —< sHiE R LTz, BRIz G
g O kL —AOHEHERE, [g Wb d 2 dhi Lo PRI O = 317 AT BT %
T5) LD BT IR CTE D, FERL g SRS 5 ARMIEROR S, g ©
FSUAL—2 32 LYY R g) (gL 2BEEHOTROZ &) Ic—HL,
tl(g) 25,

tl(g) := inf{d(z,¢(2))|z € D}

= 2cosh™ w“_ltr(gﬂ

2

(7=77 L. d @R —1 ONhEEEEE 9°5) & b Lb— A OHEHE O SEMT RS 7
HZEWLONE, ZOHEBENL, F L ROMHMEIIREEZRE VPO D T R
HD,

P EoBmAG, [ 3.1 1IR1E 1.2 2 EARCROS IR L7ZMETH
HT DTS,

B EBHII—RER OB TAREL D, Lo T, RSEHDOERIT - IREHRD
HACIRIZN DA TR T 5 Z L1178 D, R. Fricke OF A6 FESE 3] &
SEOIHTEMATHNCTE SN D Z ERMBN TN D (Fricke-Klein [3] Z#Z M),
b, ROEEZHD,

Theorem 3.2 %A bt I =7 —ZEMIIR SEED I D78 D KISHRMTIRER & F5,
|

Ni(g,0,m) %& T(g,0,m) OKRIREFATIEE &5 2 D SEROR/MASEE TS
&L ROBERBRIZEZ DD,

Problem 3.3 N(g,0,m) Z3K® J,



Wolpert [29], [30] DFEFEIE |
dim(7'(g,0,0)) < N1(g,0,0) (3.1)
25 kL, Seppald-Sorvali [25] 23,
Ni(g,0,0) <dim(7T(g,0,0)) + 2

LIRH T EERLIL,

—J7. FEHL (9,0,m) B (m #£0) BT v 7 AR RHRRWEE 2R o e Znk
KT v 7 AR L. SO E R SEB TR T 2 & T RO
EH R,

Theorem 3.4  (Okumura [13])
Ni(g,0,m) = dim(T'(g,0,7m)) (m # 0 OEE).

O

. TOmOIH E LT, FHX Seppala-Sorvali OFEROBIFEGIT 77,
L2 L. (g,0,0) BT v 7 ABHLE BEECRNC EMD, ZOHRTH Ny(g,0,0) &
WET DI EIXTERMoTe, &N, EE T IREROFHRE v —IkREE
WOBMETAD 2 210D, ROEREB,

Theorem 3.5 (Okumura [14])
Ni(g,0,0) = dim(7'(g,0,0)) +1 = 6g — 5.
S b, RS AT THMAMMROR S b8,
(|

Z OFEFRIX Schmutz [22] & FREHNCAGECREFI L TWS, LarL, EFE DS
HCIIEENR G FTRE & 2 0 . R EEEZ BAMICE 2, ZZEMOTRIC &K
HLTnbd, BEERRGa oL, E8 5.1, 6.1 THET D,

Remark 3.6 Z0DX 97 RE SEEOR/MEEIT. T(g,n,m) (L, nidl—<r
HDFI & /R 7 T —DEEOFI &%) OHEEICHEZ BN TS (Okumura
[12]),



4 AEEHILL7AMEIaT7—ZEEOEEMST

T SEBOEHZERIAEM R 2R TR SND Z ERn00, BIEEIC
HHE A X 2T —EBEOBNTIIREL 78D, EFIETMOT T a—FL LT, *%H
& U VI L ORMERR O 22 /A CEAE 45 Z & AT, O XD R A%
AETME VD Z L1295,

U —-= > O BARIH R AZERE TR E ST 0 oD BRIHRA —E IR b
5780, TOXBHIERTRESND, &b, TOLIREHRETAS LT 544
WBREDONA (AEEBICEHATES) bERTHESNDZ &5,

fE 3.1 ZAELEROEEICHRT D&, ROMENRFLILD,

Problem 4.1 [EHEARIER X NRIT HEHAE ) —~ VA E XS, HHT,
= OE EOREEIEE N OWEE LT, b ORT [5] % EMATRIC R T
B2 FORTAER B, = OZHZER b Rk X,

(N

Z OREORPHCE LT, SEENTIICERRTTHRER 2 L0V 5, 2B, Wihss
AOMWE TNH=AFBIE BRI EZHNADOEL BN THEMITIICHIRE TX
51 ZHNT, ROXSETRED

ﬂ@ﬁﬁ%ﬁo)~vyﬁﬂ BAAL AR B O FHRIC BT 5 241 & L TEEE
ENb, 7T, ERT. BIEHOT - F 252 58 =AEE WL ONEEYT D,
_h%w_%%iWﬁ@&f&méh7:kﬁ%\%éfﬁ®7~&%ﬁﬁmﬁﬁ
HibhdoZ &ilnd, LoT, BlE 41 O L9 FRIIAREE 705,

I 4.1 OFPEORFEL Y. RKOEHEMEHND,

Theorem 4.2 %A b I 2T —ZER1IIARELILD T 6 7 D KIKSERRIT FERE Z-f2->

* AEEHEHEA LR :

(1) R DB Aol DPERLDN 6 . W ClrI A E DT — &iﬁé®?~’r%
HERZRW, Ebhic, 410X di @R%Tﬁ¢7 CAEFRsSLY £
M@ﬁﬁjﬁﬁﬁb%fwk%z%héo_@i9k

PO AT, AR S LV IERERSZWIZA S

EWIA T AT T HEH I -1, ¥ A bt R 2T —28/ %2 KIREMRITC R R T 5/
LS DI /MESE No(g,0,m) &35 &,

Nz(g707m) SNl(g,O,m)?

EFHEND,



(2) W = A OELEHEEFREA L T 22 ¢, BEETEITABRETHO =4
B L HFHENCRINDEEZD (EE 55 #8R), “hhb, REEHDOE
HAECR TR INHEHERM Y, AEEHO=ABEEN LR HLHEAZR TRED &
FTED, —ARKOZENITERT D E—KRWFETED b, AELSHK
DEHEFOTIMIIES TH L E L FHEEINDG, -, BEE3EBHROLTHZERIIIER
S & o TV DS, AEEEOEHZERL, AEEHEE EF D280y,
(0,7) OERZERICEEN DA FGERITIR 5 2 & RRE D,

K41 BKOXH MR L OEMOT a7 OB% Litih->T 59
TlEREZD, THILKEETATDIFIIL s Z—IbEVER L Wbh S,
A% &9 O3 HMPESThH, MO L' ORI CIEFELL D2 &R
HBDOT, I' DRESOHZTEZHEOEIIXBITE 720,
L2xL., MOz p THEBTE 5,



ﬂ%ﬂ%%@%ﬂ%%iéhé%ﬁ%@@@%é&W%@%%%\~&%m®$
FIRTERL TN Z & T, kOEGRBPELLD,

Theorem 4.3  (Okumura [15],[18])
Ny(2,0,0) < dim(T(2,0,0)) + 1.
(2,0,0) BLLIS OBEITIL,

Ns(g,0,m) = dim(T(g, 0, m)).

1
Corollary 4.4 FlZ, g > 3 OHEITIE.
Na(g,0,0) = dim(7(g,0,0)) < Ny(g,0,0)
SR AR SER I IEHRENSZ VL WE D,
O

BRWZR56 OfR%Z . EEE 54, 6.3 THRET D,

5 (1,0,1) A4 EZ215—FERHDEGE

ZOPTHE, EEEE L AEEEC T(1,0,1) O EARA 7o AR A1) % 4
%y Loy = (A, B, CrY (7L, 01 = [By, Ay]) % (1,0,1) FUAEHEA TR
B,

B S XD EREAMATICE LTI, RO LD RERNRLE DOAFEC L VIREN
TW5,

Theorem 5.1 (Fricke-Klein [3], Keen [6], Okumura [13], etc.) z; := |tr(AL)], 51 =
[tr(By)| & 21 = [tr(B1A)] I Ay & By R - REHDIAE ZFRNT (DFED
h%AﬂD)@&ﬁ@ﬁ&?&k%immﬂmahﬂwﬁwﬁ%)iﬁﬁ%*m@
Do LIeDo Tl [Baon] EEMITRICHEY | =Mook SEHIC T(1,0,1) @
RISk FEFRATERE DG D, MﬂOD;dmﬂmﬂﬂnkﬁéoit\_@wﬁm
FHIR DO L D IR S D -

T1 > 2,91 > 2,21 > 2,

i byl 2 — iz < 0.



ZOFEMEY ., A, B BRI A=/ (FlAE, AL O >0OFEha s A & By
DO D) ZIRETHE. h OBHE :ttt< 720, :cl,yl,zl »H Ay, By BME—I
FRATHINCRE D Z LW b, ZOXHIE, —EWR b I X BB OWY FEiEE
9HZEIERET HEVDILE,

I DOEBCIRA T B, A, By, Cy SRR C Ay & B, O a2
DL EWVS DR LR E%’Lé EDREH 7L LVEfETE S,

ZITC, i mE O L L 9, WETEEREITEOER DO TR 2, 29 12T
L. L(z,2) EZNBD_EETEY 2 D 2 ~DE ORI E 35,

AEEEIC LD T(1,0,1) OEEMTICEET /ST, KOEELHFE - TR
b,

Theorem 5.2 (Okumura [18]) Ay, B, € M(D) & #7372 % Wk TIZEH#L - 45
&L BlA b D, Flo, pr & A & B OEIORRETDH L

ﬂ(—B;—Al) = d(A, 3 (py), B (p1)).

TRBE, AL B & BiA OBt Zinog sy Y U6y Hei) g = gy
BHRDB, B, ZOZABIT—RIZOSND T LT,

ax(B1A)) = LAY (1), BY*(p)),

G

B; A,
] 5 1 p(A1),q(By),q(A) & p(By) 28, ZONETHEAMME R *Hi—fgjrifi’)w Tf[f:«S;

A (AT, EEREEY, A OFEEE p(g) = 1,q9(9) =
pm EOERDEIT, AL B EERELLTEL),



Remark 5.3 BEBIZHL g 13, tl(g) (LA ->TC, |ir(g)]) . BEEH LAER p(g)
ERVIABARE I g(g) ISR VRO BND, JoT, BiA ZRMPICIRETED
Eh. EES52EFERELTND !

O

Eﬁ 52 & N Fﬁﬁiﬁkjﬁ“ﬁ‘ 2(101) Byiv Al, Bl,B1A1 @im J= ﬁﬂ/%ﬁ
1

ZJO
FOZRAEI 51 DX DI 0A),0(B), 0(BiA) &+ % L. ROESR %

biu
Theorem 5.4 (Okumura [18]) =P 6(A1),0(B,) & 0(B1A) L. Ay & By %
A UK ZE e O He% 2 BN CEMHTNCIR D D, LIehi-> T, T(1,0,1) iX=E0f
FEFEELIN G T2 B KIGFIFNTHAZ 2 FF 5. No(1,0,1) = dim(7°(1,0,1)) &785, Fio,
Z OISR O X OISR ENRS -

0(Ar), 0(B1), 0(B1AL) € (0,m),

(A1) +0(B1) + 0(B1A) <7

]?(9(/‘11), O(Bl), Q(BlAl)) > 1

Vi

cos?z + cos?y + cos® 2 + 2cosz cosy cosz — 1
F(z,y,z) = :

sinz siny sinz
O

O I, DRI RGO L Ay, By O (EEO) 7
Pzl A, By I8
tr([Bl,/Nll]) < =2

EWHICT ] LV FHEOLPLH/EEND, F(LE & ) <1 DX IC—DDMELE
S m i F o> 1Y SER, ZRUE. Ay, By, Bi A Wi % BRI
BOESEPBCEDRWI L Ioxh LTS, Z O HZERITENEED T« &

ZHID BT L9 il e 5,

Remark 5.5 [¥ 5.1 O =ARBICERZERZANWDSZ & T, A OFIZHIX

ltr(As)| = QCoshtl(;ll)

2{cosf( A1) + cost( By )cosO(B1A1)}
sind( By )sind( By A;)

EAEERO=ABRIC L2 FEATREND,




U, T(1,0,1) OFEFEMT THWCER ST - AEEHOMEE > BT,

Yaon BERTOEMMGE ) —~HE S &9DH, ZDEE, A, B & BiAy
DEDEE L, S @ anti-holomorphic involution (J &9°5) TAZE 7z B HIHE
e, S FEZOOERBR=ZARZRD D, TILbO_AE =NAITJ T
SV H 5, BT, ZABOZIEL, DF 0. p, AT (p1) & BY(p) OHEE T O
Fhmbinsd (52 2RE L), Zhbhb, ROZENWGND

- RETEE J OZ0OFRE SN HLIE D = o OBHEARIMR O X1 B,
- AETEIY J OZODOARFENBIEDL ZAEO =BT D,

ZOXIZ, (1,0,1) BOBACE, REEHEAELHIL J CRESN, J OFR
il ind,

S & C, OMOFHZ Tz nETdEE, TOFMNESIE S o=—nt
e nbitd, BHNC, S Ot b B S TR A B I g
EXN D,

pr{ox(c)

5.2



6 (2,0,0) MAAEI15—ZRHOEE

T OMTIE, B EAEEEICL D T(2,0,0) OEMKK IR BT ST
%o (2,0,0) BUEHREAERITRE Spo0) = (A1, B1, A2, By) L5,
£ ST XD EEEMNCE UL, OB Y 3L,

Theorem 6.1 (Okumura [14]) T(2,0,0) i% 7 O SZEHIC K 5 KIGEMET
FERR 2 F50, T XD RREEEE LT WO 7TEOPHMRIZSROD b L— A Oifixd
EREND :

Ay, By, BiA,

A2a B2) B2A2A17 B2A2B1_1-

Lo, (3.1) X0 Ni(2,0,0) = dim(T(2,0,0) +1 =7 &% 5, £i, 0%
FZERIK O & S IRk S h S

m_’i:?/j)zl;uav > 2 (J: 172)7 (61)

Ty 2 — mpnz = 35+ s+ [tr(BaAg) [P — waup|tr(BeAs)| <0, (6.2)
1

|tr(B2As)| = {Zl\/;lylzl — (2 +yi +2) + 4\/UU21 — (v + 0P+ 27) +4

22 —4

+2(z1u + Y1) — 21 (u + zv)} > 2, (6.3)
UL 35 = (AL g = [tr(Bo)] G = 1,2), 21 = [tr(BiAy)]u — [tr(BaAsAr)| %
LT v =|tr(Be A BT Y| & 95,

EH 6.1 OFERDOHIRE -

W ERE U7z Y00y 25, EECIHE~To & SZEHCHE— IS EMATIOIC I E S
T EEREE L, EBUEE Ay, B ICBRT D =R ERE L TT O,

%= (45, B;,CY) (G=1,2) H (1,0,1) BUEHREARGTRERDT LR, T v
AFEOFEGEB X Ve D,

FP Ay, Byt z, 1, 2 CHEICEMATINICIRE D Z L2 ZoESME & EH
51 X050 5b, £, —IREROKMEF DI LT, ByAy X A, By & u,v T
ME—CFATENCI R O | [tr(BeAy)| 1 (6.3) &3 2 LR D (Z 0N
SEA DI D) ., Lo T BB 5.1 L0 |tr(Bedy)| & mo,yp 205 Yo PR AR
W AT E D, EBIC, ByAy & Co(= C7Y) OFRBEN T CIoEE > T
B LN, Ny DR Ay, By BMEIZEMATNCIRED Z L1225,

ZHZERNE, TS 000) D3 (2,0,0) RARHEARGERTH O Z L & B (1=1,2) B
(1,0, 1) BUEHEAERRITR T Cy = Oy 7B ZEMENE) LD 2 ENDREIND,
BRI (6.2) 1 [tr(Ch)| = |6r(C)| DALV ELRD,



WIS, FAEZEHIC LD T(2,0,0) OEEMTICONWTEZR D,

Aj, By, B;A; OW» B TEDZABOZNAER 51 0L 572 0(A),0(B;) &
H(BjAj) s (1=1,2), iz, A; & B DDA B % p; & L. 23(2,0,0) DIFRH,
TOEMME) =~ (S &95) ~WELLEE ¢ 95 (=1,2), SIFE
B2y b U—<EE Y, hyperelliptic involution (J &4 %) %o,
ZDEE, ROMEPR/LND,

Lemma 6.2 ¢ & ¢ AR E C) OBIOREL, &b J TR B
PRNHER & 725, X612, 26O - OHBIMEIT T RAD Y | 58S CORA
L J THODYH, AEEIELL RS,

[l
EER. (BoAg) LA By OENDFEN ¢ & ¢, B2 BRGS0 . fiSEO
EIENRE D,
g ERE TR AE LTS,

Pr{ox( (B8)" AB))

X 6.1



bbb, ROEHEHNPELND

Theorem 6.3 (Okumura [18]) T'(2,0,0) t% 7 EOAELH 0(A;), 0(B;), 0(B;A;)
(G =1,2) & p il X BRIRFMAT 2 FFD, DRI, Np(2,0,0) < dim(7'(2,0,0))+
1=7 &5, £, TOEHERIIRO LI IZRBESHD -

H(Aj)7 Q(Bj)a Q(BjAj)v IS (O,W) (.7 = 172)7 (64)
0(A;) +0(B;) +0(B;A;) <m (j=1,2), (6.5)
F(0(A1),0(B1), 0(B1Ay)) = F(0(A2),0(B2), 0(BaAs)) > 1. (6.6)

O

EH 6.3 DIEBHDHIES -

SATHNCHBIL X 2,

Eﬁwcuu»@%%ﬁ%u~vyﬁsmxh@ﬂm%@ (TSl 45 A TR A |
LB) CHE S L. BEROESHELNTO0 (1,0,1) B E ) —~ Ui
D=L R TCE D, W, BROEEPELWVEED DO =—)Lt %
BRI Ab®dZ T, (2,0,0) BUERRMA & Y —~ VAPEDBINLD,

ToO=— U, FEBL 54 L (6.4),(6.5) & F(0(A;),0(B;),0(BiA;) > 1
o3 0(Ay), 0(B;), 0(B;Ay), (j = 1,2) TEMBHIIRED, ZoD=—/Lk
VEOBEROBESNELWI LI, (6.6) ERMEICRD Z EMTRED, Elo, Zo0
=B VOB BRI p TIEETEDZ LR D, DI, AEEKO
FERROAT T B p DRSO BEEF LM (0,71) OEEDEZ END I L
b D, TOXICLT, THEOAEEE»H. (2,0,0) BEHMN S ) —~ HE
EFRITHICAER T E 5 2 &R fﬁ“ﬁ% bihvd,

Okumura [18] CiX. 7 v 7 AFETileam L faor EHE 2 AW TREH LT 5,

O

MT\ﬂzam@%@Hffﬂwtﬁéﬁﬁkﬁﬁﬁﬁ@ig%ﬁfwa

(1,0,1) BlDHA L [FHRIZ, Aj, B; & BjA; WO S O hyerelliptic involu-
mmJ@K%ﬁ%m%M%ﬁk&D\SL& o@AHﬁﬁﬁﬁ%&béo_h%@
SHRBIE T THIOV B D, B, SAROZTES, 20, p, A (0) & BY (pg)
DHEFIT J OFRESRE D, KoT, 6E%A?W@)kBW@»@_1m@ﬁ
BN, SOTAIINaA T REERD,

— IR DA E D Z & T

tl( By As A
33((32142141) = L((BlAl)*lBiﬂ(pl);pQ)a L32—2—1) - d((BlAl)_lBiﬂ(Pl))Zb)u
B _ t1( By Ay Byt
wx(Bala B ) = LA o)), O L gai ), )



DAYDN0 . ByAgAy, BoAy Byt OIOHE L J CAZ R EHARNMSR cCH L Z &0
mEND, F7o. FE 6.3 TR AELEIS A2 S EO O MmIcxhs L, J
TH9D20HH (K62 #&BEL), ZNbhb, KO EBGNHD : ‘

- EETHIE S ODUA )V 2 b T RENBIRE D T OOEGMARHEREOE S
Wi B,
CAETEIL S ODUAL TNy a T AEPBERED 6 DDA E p D,

EHE 6.3 OFEFA TR L5, Z2o0 (1,0,1) BE#MAFE Y —~ O =—E
BEAi05be s LT, p BEA L, pid7zrF )l - Z—LE2RL
NEHICKS LTV 5,

(2,0,0) HOBEEITH, RIEHEAELET J OREEL D,

["'(QX(MB?')) Pt (o ( BaAz.M)



7T —REBOEME L —XFEFEKX

AR C. 7 v/ AHOEEARTRES 2 CE ), ZhissrmkTic E
H oFm &R Eo MERER of&tE2527zb0 b vwx 5, F5ik, Blhr
HWCAERT D =20 KEW XY, 7 2 ZY X =identity &l L Cnbh L&, =
noo WER oJim e Adao TREERHR 23 XY OfFFIESR XY O F Lb—
ek

tr(X) (V) tr(Y X),
tr(f"l)zul?j() -2

DO FCHETEXDZ Lamr iz, 2 bOBEEE. X, Y OITFIERBOTWY Fio
Xohnz LlicEEt i,

TOEITIEL. XY, Z S CORN BRI B 7 DI A ORER Ok X 5, Ik
DOFEFRCIL, AEROALE R OB E TR LT 5,

Theorem 7.1 (Okumura [16]) X,Y, Z % MG FrEiZ{ER 92 =2 OB ihTZ5# &
L. ZY X =identity 2Tl LTS5 &9 5, ZD&E, =208 ax(X), ax(Y),ax(Z)
OEE RO Ehvnd 7 s -



(a) =2 OHENIHEVIZE &7 D,

(b) = OOEWITFAT (DFEY . ZOBERO—ETOREET5), £ik, =o0
—8Hd 5,

() =D —RTRDLRWA, ZOE) LB, —DD=ATREIRET D,
ZHrb, ZODEREWICER, T, —BL L bbb, Zo0b A
CRUNC IR D, Flo, Z00OWOmMEEK 7.1 O X250 s, b, XY OFEE
DITFIEBE XY L5 ZO08OREN b L— R BT O L 9 R AT
THEhD -

(@) & tr(X) (V)

(ag) & tr(X) tr(Y)

(b) & tr(X) tx(Y)

(¢) @ tr(X) tr(Y)

tr(

tr(YX) >0, tr(Y XY X)—2>0,
tr(YX) >0, tr(Y 1X'YX)—2=0,
tr(YX) >0, to(Y'X 'Y X)-2<0.

X@jj@x Uwg
S WD

7.1 BAMHROES, 70, (U V,W) i XY, Z OEEDIESE T 5,



8 ¥rb EITHRE & B RIFRIRO BT

—WRZEHEE M(C) X, SL2, C)/{£I} EEND X2, SL(2,C) DHE &
b, TOMSERICEY, < OMWER SL2,C) b M(C) THFESh Ty
B, BIZIE, —WEHRO FL—2 M(C) ORFENRD D, —REWH g D _-D>DFF
FIEBY g D —o0FBEFE B WNbILA,

ZA bR o T2 OREEM T g, M(C) OESEE G o¥b EIFRE
FRONOWE, Zhid, TG OFmicicn L, ZoD 78RS (FFb RS o—JF%
EFRICEREE, IO EEN G ERBRTIEC 50 EWHFETHD, TE
A, GiIEbEIFEEEE Wb b, ZORMBEE 2 O wH G, %< DAGE
WEDEBEINTVWDIHELRMECH D Z LBy hoTe, AR, Kra [10] &K
A

G N7 v 7 AFEOLGEITIE, RO LI BHERBIBLATND,

Theorem 8.1 (Culler [1], Kra [10], Okumura [16], etc.) ABRARK T » & ZAFEIZ
TN LTHE, HHEFRETHH I & & Mk 2 OMMHBEZERE E E LV & IEFE
e d,

O

B B, BEDAER TGOS LF R ET 5 - b ¢, BOFL LIFHRESh
%, FEFRS B S S TN D 7 v 7 AREOBAIT b, B R LRI E
FIND WL, Okumura [12] ZZ8), ZOFEEARGTRICERTH L, RO
ZENRES

- FEORF L BT O T & B9, FHRIZEIROGIINE— L 72 D, FrlT, YL
sk OFF AT RILIE b L — AR OITHIRHBIC 50D,

- —RIIE. BHEORDH BT A R D & BB OB T D,
ZOXIICHEFD LI DB FEHRZEHREHIR 2520 5, FRFHRIZEH & o s
Pz KRS D7, ROEFEZGANT D,

Definition 8.2 7 v 7 A G IX, il g Tr oo aEEoa 7 b J—
< HEPD s MORE m EOAMRERWTELN b mERETH & &, (9,1, 8,m)
BMEvbhd, £, ZOL5RY =~ Vb (g,7,5,m) BEnbh b,

O

Ty AFOERTOR L EN Y FERARL T LT ROFERPIZELICRD
o,



Theorem 8.3 (Okumura [16]) G Zfr# 2 OFFHAERL A& F 70 VEBRAER 7 »
JAREET D, TOLE G ORL BT OB,

)G 28 (g,7,0,0) B & &, 229 A,

()G 23 (g,r,s,m) T (s+m > 1) O L &, 2otstm—1 {F7
Lind,

[

FH LT OMEEEFE~TWE & U —m EOBEFEAMERLS [5E L Tn5 ]
EWISNARIMEE D, 2OV —< UV EERBT D 7 v 7 AEEOMHTHINEE > b
TEDTEWLD 0T, T2 0, (HEEZ) him LB S L. Zolhm
B T OOWEREESITOT. BRI EITRE Yy 7 R VBB O
ZETHD,

8.1 ay,by,dy,e; VASMIERSEIEA AR,

FEREIASDTOIE, W OPREEITD 1S ZWH Y —~ > HE L, L& S
FORMRET D, S ERHTD (ERO) 7y ABE G YD, 22T, G5
FH BT, DEY., S ICHBERHIVEE OMEIT TS THFEEEET 5, *
72, g & LICHIET 2 GO ({EED) téT 5,

ZDEE, ROEEPFEHND,

Theorem 8.4 (Okumura [16]) S &= %7 M ed5, Z0E&E, L3S Lo
BHHSFEFAMERS O, G ORLEFICLD g OBIE. G 0L BTy ik
LPME—T, ML —RXBPADITHIRBRL 25,



COEBIIKRO L HICHARL T LB TE A,

Corollary 8.5 (Okumura [16]) S %#=22%7 | c‘:“J"%’JO ZDEE, G OEYTR
Frb BT 0, gp DIED P L—REFOITHIREBIC 5 257 b, L BRI
R Tlau,

O

WIS, SHRar Xy NTCRWEREEZ D, 208 X1, Bfflcx L, kROE
RNk 'O ST,

Lemma 8.6 (Okumura [16]) S % (g,7,5,m) B (s4+m >2) &95, D& X,
BRI FIPAGRO 2N, G OS2 LiFIc k., ED M L—X & EO175)
KB DD bORDH D,

O

LinL, a7 PTIRWVERICH, RO I DIFFL LT EHIRT 5 &, a8
7 FOYE LR CERNBY Lo,

Theorem 8.7 (Okumura [16]) S % (g,r,5,m) & (s +m>1) &35, S DN
YO F = LRI D G OBEMEERTROERITGIE s+ m B D, Zhbo
ERTTE T NTAD b L—AERFOTHIERBIC 5 29 G OFL EFOAREEZD
ZDEHIE GOFELETHE 2% #Hd, GO EFEZol5ICHliRe s &, &
B 8.4 LR 8.5 DIRMEV LD, £z, G OF b B OHIRE Z Ll EERr 5
&L EEE 84 LR 8.5 OEIRITELY LT,
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THE EXPONENT EXPANSION OF THE JONES
REPRESENTATION AND THE LOWER CENTRAL SERIES OF
THE TORELLI GROUP OF GENUS 2

YASUSHI KASAHARA

In his famous paper on polynomial invariants of links, V.F.R. Jones has con-
structed a representation of the mapping class group of the closed surface of genus
2 [Ann. of Math. 126(1987), 335-388]. It is a linear representation over the integral
Laurent polynomials Z[¢,¢~!], and comes from a certain generically irreducible com-
ponent of the As type Iwahori-Hecke algebra representation of the 6-string braid
group.

In this talk, we report on our continuing study of this representation. We consider
a series of reductions of the Jones representation obtained by using the Taylor
expansion of ¢ = exp k and reducing the parts of degrees higher than a given one.
The k-th reduction vanishes on the k-th term of the lower central series of the Torelli
group, and therefore the series of the reductions naturally induces a representation
of the graded quotients of the lower central series of the Torelli group. In particular,
the first non-trivial reduction, up to degree 1, gives an abelian quotient of the Torelli
group, and this quotient is a Z-free lift of our previous quotient, obtained by using
the specialization t = v/—1.

KocHl UNIVERSITY OF TECHNOLOGY, TosAyAMADA, Kocll, 782 JAPAN
E-mail address: kasahara@ele.kochi~tech.ac.jp



ErHTLE T VA FE FII -

e B

KW T K T

2RI VA FOTLUA FE) PO —OBEE P EHRL LI ETHLE, DEDL)
ZREESEZ ) 5. TLA FE FEI—@RIES Fo 3 —OfRFICIRTE £
5, COAPFIEL S -7 TR, HAMORAERFECLTELHDDOTY. 0
PAREBIRE T VA FOIESBDRETY, 7L A FOREER (722 21 Garside B
) IS LC) FLFEHETE EEA.

Y I ANWEE, WARSEISEAED [T v liseiiEsns Lo, mik &2k
OEMEN I BW IR RO B L E D, HOABOERBTHLLADDTY. Thidy
VA FEJ Fasx—0RKEBICHHTE S & BWREETIIb - 72KEE T,

(75070 osEss, WE, AR WL, MAGEDERTHHEN T &
BWE4oT, JITETLA FE P03 —EOBRICOWTHRFIZHERIz v & v E
. B, BAGER, [ETT] 2k EREOGEETERONTHAEITDP, 7
LA FEETHERDPTEET §4) . AEWEE -2 RLETY.

81 7L A4 F

D#2%kmHBE L, K ={21,...,2m} & D—0D LOmEOEEGLT 5.
oD EsEsho h(K) = K ##7:3EMER h: D — D 27V A FE{ (Artin
DRAMENR) LS. 7L FEHDA Y E—-FiEeAr» > 28 % B (D,K) T
#Y. (7L, 22074 FEEOR () 3AMINSEE AT, )

Typeset by ApS-TEX



e B
I% 1Rl (85 &35, D x I WICoAE s 1 RKT0EEAE B A7

(1) pra|B: B — I 25,

(2) 88 =K x &I
whicdeE, 0% ((D,K) BT 5) BTl 7TLA4 Few). (I Tprg X pro
& D x [ DEBG~OFHER RS, ) 2O08MYT LA F B, B PRMELE, D&%
I BN g DX T — D x I (t€[0,1)) BIETHE &%,

(1) Ql(ﬁl) = [

(2) % g, W& D x 0T LcmE%mM.

(3) % g; Wfiber-preserving (3 7%bbH, proogy = giopra) .
A7 LA FORMEEEZ 7L 4 FEwvw) . (LIFLIET LA FERFILTH D EMN T
VA FEEMLEZWCTHWwWSENRS, ) T A FERFEOHEEE T LA FRELE VL,
Bp(D,K) TEY. By(D,K) & By, (D, K) i HARA—H1555 5.

TR I % 2K B IBEBE LD DS, 2XKI67 VA4 FThb. Dx B
P 9A F 7 2 KICERARFHS

(1) pro|F : ' — BPFOIEWHETE,

(2) OF = K x 0B
DEE, Fu (BED) 2XTL7VA4 FEw) ., 2200267 VAF By, Fy 28FEE
i3, DEERMRITERAN g DX B —DxB(te|0,1]) #MfEThLE% ).

(1) g1(F1) = I3
(2) % g W& D x 0B LCEEN.
(3) % g; idfiber-preserving (§7%bbH, proogy = giopra) .

(BLo) 2X567 VA FORMEHEERE B, (B) THT.
§2 7L A4 FE/ Fu 3
Sk HAEL 2RTTEME, ¥ ={y,..,yn} ¥ S—0S WD n O EEL

Fh. Wy &S B kb, HAEE m (S X,y0) BobhLE G ~OUER
f (S —Y,90) = G % (S,8) EO GE/ Fui—btw),



BFETLETLA FE) FO3—
G D5 (F3EEE) oL SEWOZKRTHOE) Fui—<chh, GHFE7TLAF

BOrEJ7JLVARFREFOI—twnd,

Bl1. C % CP? o d5. #% P:CP2—0 — CP! 0 icow(—
BB X512 O % CP2—=C izt b, oFY, P ollREE p: C — CPY 134
I EER. ¥ % C ORRELAES, ¥ % CP tofgk4s. Zok X,

p:m(CPY — ¥, y0) — Bn(P Y (yo),p  (yo))/center

i, 7VA FE/ Fu3i—Thsb. L, ZOBSEIAEOMR EOTL 4 FEECE L,
[BAMR D7 LA FRE] Thb. HBEE 9 L &->T, CP = CU{oo} k2T, &
WOTLUA RE FI3—

p:m(C—3,50) = Ba(P ™ (y0), 07" (y0)) = Bu(D, K)

REIHLIENTESL, (HEORMIEKRLESDOTIERZ., )

B2, F%DXBWHNO2RLTVANETA, %L, P=pry:DxB — B
DOFIR p: F' — B 30 ES%. Y % F OFREES, ¥ % B ToOBET 5.

p (B —3,10) = Bp(P  (y0),p " (30))
W74 FE/ FaI—-Thb., &I, y * 0B izt nid,
p:m(B—%,y) — Bn(D,K)

Tl h.

f:om(B—-X9) =G % (BY) Lo GE Fu3x—t45. v,...,9
2 (B, X) iIZ2w T Hurwitz arc system (good ordered system of arcs) & i,
Hy (@G=1,...,n) & B LOBEMIRTHY, ¥ LOXDLYIZFD 1 ODHET, 39
— ORI yo, TLTC, yo DEDLY TE 4y, ..., PIOEETHDLTVWELDT
5. 2D X9 7% Hurwitz arc system FHAKRE 1 (B — 3, yo) PERICOF] Hurwitz
generator system (good ordered system of generators) #%E® 5. ZDHEEITLOY



e H—
2 f TOEEIE ST, G DL AHWY) (g1,...,9,) 5. ZihE Hurwitz
arc system DERAFHIUE, ELEICD LD G/ Fui— f PETTEL.
FERZR &
G = Gir1s  Girl ' GinGiGint, 9i— g (G #Li+1)
TR IOMBEOZ L THE., O L) RIARERTHREFEYEL TS GE/ F

I-EFEMETH H. I NiE Hurwitz arc system O &) FOZEITIET 5.

I G DEITCITHEEEIERIN TN TYH, RGOV TIEEEIE L ICEHE T
IR 72 WD Th 5.

§3 E AT & H AN o RACK

D % 2 KGEHM, K = {z1,....,2m} & D—0D LOmBEDRESET 5.

D —dDFOBMI o TanNK =0a b L) RbDFEZ L. a iz [EH] 150
WTWH L, H5H0TRVER (Eh) PRESIATVWLIETHS. TDLH %R
[EH] POV o &% AD,K) &35, AD,K) %4} E—JiflE%zb
DOCTHEH o MG E ADK) 35, AD,K) OF a = ([a],n) Wi LT, n>0
(n<0) ZHEDNE (ADAE) L a KF>TTAAZ YA A e n il (—n )

B L 72 B % G ST, BiHE

A:AD,K) — B (D, K)
NiEE D, AD,K) DG a,b LT, A(D,K) OFt a® % D XOFICED B,
A(a®) = A(b) M A(a)A(D)

LY, A(D, K) i<id Rack OEDAS. A(D, K) OWSESTERDN n Thb
bk An(D,K) ££TE, a€ Ay(D,K),bc A(D,K) =3t L, o € A, (D, K)
DT Ap (D, K) i3 [EHEESRack] TH 5.

Bl RBUEOTL A FE FUI—12B0nT, Bt/ Fui—i A,(D,K)
(ne{l,2,3}) OxTHs. n=10DLE, FIE/ Fu - branch point ®



EFMILE T VA FES PRI —
FhYDORKHE) FOUI—Thb. n=20DEE, node ICHIEL, n=3 DL &,

cusp Xy 4.

Bl2. F % [Hfl 2k 70v4 FefiEd b, 2oLE, 74 FE/ FEI-0
RBHE/ Fu3—i Ay(D,K) (ne{l,~1}) OICHs. £z, 2 CRERE
52 mwgs [HEHER] 2KkT7 VA FOE &, BTE/ Ful—id A, (D, K)
(ne{l,2,—1,-2}) OILTH5.

Lo, An(D,K) (ne{l,2,3,—1,-2}) DDV TOAFHERE 5
L, #ZTo» Rack O kol T40Th 5.

§4 Ay(D,K) &8 1350

Ar(D, K)DRITHIEH 21, 2 ThBHOE Apay (D, K) TEF. (D, K) 1B
LC Hurwizt arc system 1, ..., v, #EET5. (2720, 0y = {2, 20}, 25 20
oD Fick s, ) FhINIEHNEELE m(D — K, z) @ Hurwitz generator
system # 1,...,Tm &5 5. m(D — K, 2z0) WHMIE F(z1,...,2m) TH 5.
a=([a],1) € Apgy (D, K) LT, @l 2 205 2 WS S EVRD ERIHT
i, g

o] € (Z)\F'(z1,. - -, Zm) /(z1)

FEEH. OFD,
Apay(D, K) = (@a)\F(z1, ..., zm) /(1)
HERTED, S5 @z PAERT 5 ERBIHTEH - T,
p: Apay (D, K) — (@a)\F(z2,. .., Tm)

5.

SERL - BAE pr Apoay(D, K) — (@2)\F(z2,. .., o) BRERFNTHL.



P fE—

21 & 2o Fuppd L, Hurwizt arc system vy, ..., v, LIEWMBEOATRK DS &9
D EOHME a1 E9 5. a = ([Oz],l) S A{lg}(D,K) WA LT, a% ag i
FoTIEDT 4 A7 VA A MBI VRO E 7(a) LFL,

T A{lz}(D;K) - A{IZ}(DaK)

Wi D EHRT A, D& E, pre-quantum inverse map
P (2\F(Z2, .-y Tm) — (T2)\F{(Z2,. .., Tm)

BIP® =porTop L IZENELNG.

To W AIREAE RO L ) 1P L C, quantum inverse map I PSEFHSN5L.
85 F LW LR E

§4 1ZIRA<T2 X 91T Apoy(D, K) OGOV THIFERPHONE L, S517,
Ap9y(D, K) O3z X 34213 quantum inverse map I % JHV CHUTREEIZICT =&
T, Lo L ogs (An(D,K)) 3E 5 TRABECE Y $T. AuD, K) 084
SRBIICEET B S ROM ) F LR PR TIRS ) $8A. SHOTETT.

WIBIC2RTGT LA FERASEPMIESNTCRDL L Ty - 77 A /N—ZEOBIR
T, degree 2n O 2KTGT7 LA FICBWCT7 7 A /N—Z3KENCIR L, T 72RZER %
2RIGMM B T =< S & LEY. T2\ AL, I n—-1 0 —
TUEE T AN E D S oL Ty ey - Ty AN-ERICR D EY. b EAHATN
TOVI vy - T ANZEHPIOLIIILTRONARTED ) TEA. HIZ, 2
KILT LA FiZid degree B0 b0nH Y, LIz - 77 AN 22 &5 65
TELFETINSFZHL LI TEERA. 2RILT VA FEL T2 - T 7 A8—
e O IFHSLERE R, ELWI FADE )T, LIbhoTnELA,

F2KTCT7 VA4 FOEHD OF oM BHE 7L A Feo 1Rk 7L A FiZ
g, CP?2 oo 2k07 LA FhEskTE 7. JdiBuhiiodnkici > T
Wi,
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HICHE
k=g

A4 T curve singularity ®ZEF DT A — 2 Z2E0 C*-bundle ¢ LTOEER .
FMIE SRS ¢ L X WYHT 5. (EHPETWAR Y, )

1 Introduction.

F(z,y,t) = —? 2% 4 toa® Ftaa? ftam 415,
= {(x7y7t) € C2 X5 I F(m’?ht) = 0} b
S =84, = CY Dt = (ta,13,1a,15) )

&<, E ik Ay T curve singularity y? = 2° @ versal deformation (WL CZ5E) OZ2H.
SEEDONRT A2 EFEEND, = kUGS KK

A (z,y,t) = A2z, Aoy, A-1),

A-1i= (Mg, Mg, A1y, M%) (A e C¥)

IC X »C C*-action 2XEFI N5, COVERIC X Y S ZIAFED C*bundle (O£ZE[R]) & K
hihbd. xR C*-bundle DIFA%H 0L L THD, DF VROME (KG
Bk o (4.2)) #F X b0

1.1 (BEE) A4 curve singularity DEFG o5 A — 228> C*-bundle ¥ L TORE%
I8 o

o A, T curve singularity KB LTid A; 7 (HW) « A 2 (K51 modular JEX) o8&
EOAIbILTCWwS, 2O TIEEBARNDE D Ay Bl & OO L% LT Ay BogE %37
RBEC LT Do nAAH (>3) DL ED A, BT Ay Bl & & O EHMICELTE R WE
BHEBY, E5Lebnnodbhbhv, % AT ICHORRFICKH LT coi#EEH 5 0
EHBETH D e Ag B & X IR B & i » <RIER OV E H Tl d e (cf.(2.1))
U2 OPEHHZ RIS 5o

2 REFXORHE

EFEEE X Wl G RARHESHCVER L Tw, i X to G KB+ 258K 7 85 %
DRI EHRETR L wWE b ohEL L C ik, L CATX KEBEHL TS & ER
D 3T

o RN T-j G2 BT L

o C*x X ~» G OVEf% projection map C* x X — X & equivariant ICA D X 5 1C,
o Cr-action ¢ A[HilcA S XS5 H2 BT &,

—53—



BHRCcCcETHs, ((HGibhictE, Cx X ~0 G oV
o (\z) v (j(o,2) "\, 0(z)) (0 €G)
KXo TEHKT Do ) COLEBHS € O(C* X X) B GARER T D L,
FG(a,z) A o(2) = f(\z), (VoeG, Vo€ X) (1)
DY L Do Ko T CTTHI fe OX) NN EETDE, cof%

f= Z AE . ( finite sum) (where fi, € O(X))
keZ

EERT DL
ZJ(H )ENE f(o(2)) = ZA%

Xy
fe(a(2)) = j(a,2) fi(z) (Yo € G, Yz € X, VE)
BEL B, DD, M S5 & Ak
X ko> (G, )- R | = | CF x X ko G- FasE| = [ (0 x X)/G ko] (2)

LR Do 2 Y 2555 Cbundle DRZRID & ¥ Lo Y ICHL
Y =(C xX)/¢ (3)

s X5a X, Giebadciidlhd, zociohd j Y o8 imisck ek
To Z L TY I associate 35 line bundle ®8I¥iE X Lo (G, 7)- R s BAadh 5,

2.1 (B) AT (y* =4a® — gon — g3) OEE
C DA SAz = CZ\ DAz = {_(] € SAzlg% 27.(]% = 0}‘ = SAQ DA2 Bl Y
~D C*-action I A:g;i— Mg (A€ C*; i=2,3) LE#T 5, cobE (£) 5ig

vage ([ % [ ] E)ecn
Alg) Y B(g) Alg) Y

KXY (coe & G=SL2,2Z) Y~ (C*x H)/SL2,Z) BT L g2,95 D H LR

I LcoFr (BHEY 27 B B#bhd.

3 MEOERL

S ORI B
A = 3125t% — 37501qtsld + 2000651212 + 22505412 — 900£51412 + 825151512

110832 — 160031515 + 560t2t5t2ts — 63015151415 — T245t3tats -+ 108L5¢5
+ 16131315 + 25615 — 1281213 4 14441265 + 161515 — 271312 — 4151515
(x DZHF(x,0,1)D¥HIR) ,



D =Dy, : = {tESlA(i):O},

T E3 (z,y,t)—1t€S,

X o= 1),

A: = {MoT|MeSp(4,7), 7€Hs, 7 AT,
HY: = H,-A ({HL Hy & genus 2 ® Siegel 27,

HIEITR=_72Y & LT SD %D, £ LT C*x X OffEh & L THuk® monodromy covering
STD CEHT 30 (A DL X ChTS EL votee ) S—D Ol to 2O 2D Do T
X S—D DIABEOIE & LTS, H %A projection = — n7 (D) — S—D D HETEBH#:
XD Hi( Xy, Z) WA (5D, t0) 2VEHT %0 Lixd CoVEHIE Hi(Xyy,2Z) O
X I 2HFEFT 5, €5 LTwhbWw3 monodromy Z=H

p:m(S—D,to) — Aut(H1(Xy,Z),1)

BEONE, HL Aut(H1(Xy,,2Z),1) X Hi( Xy, Z) oHCFEC I 204735 b oogelkt
H5, I := p(m(S—D,to)) % monodromy group IS LICT 5. Xyy BT Hi(Xyy,7Z)
® basis % Figure-1 OEEICEED fix 35 ¢, Thic Xk bEH

A’U;t(]]l (th 5 Z), [) = Sp(4, Z)

PN D, COFRBHEIC X b T 1k Sp(4,7) OUSBEE Bt 5o B p AbfbRED S
D @ monodromy covering % o : S—D — S—D ¢3¢, # LCHENESE KD X 5 K3
b0

- i1
P:5-D>hv+—— / o de X e ¥,
Az(h) Yy ¢ =1,2

7=12,3,4

'ﬂi]./ Al(h), AQ(h),Ag(h)(: Bl(h)),A4(h)(: Bz(h)) g Hl(Xa(h)a Z) D Symplectic basis TS
hic [FEEEHA) WikfFdT 5 b D &35 (local system) o (H% hg € 0 (tp) T Figure-1
;:5%&’)(-3’5‘(0 ) EEVC

@ : I'mage(P) 3 (24 Q) —— Q47 Qp € Hy

LREFT Do

4 BEZFTORE (1)

S—D iCiF monodromy group & C* ZVEF L, ZOlEOVERH I EWICTHTH 5, Hic
zo C* ik 5—D it fixed point free \CVEFIT % € & 3bh b S—D XBEEAEKCD C*-
bundle DEREFR D, & THT Ay BOE, Sa,—Da, BEMHERIC X b HB%A C*-bundle
C*xH AWK b, AgTITEE I w9 & RIS Y 7D,

4.1 (i) C*-bundle * LT

S-D =~ C* x H) (4)

N Y RS



(FEHOBENK) % J° Rosenhain DA (10) 7 58 5 5 B 0. (cf.(12)) ZE > H) 225 5 —
DN@E%%E%L\ﬁﬁ%@gﬁfﬂp#%sDﬁ@%@%hﬁ?%C&KlofSl%D
KU & b & D 7o (B OBEEEL)

ChEhEobicsd s X E LTH) 22hdvn, 20w T tibholke &oT(2),
(3) £ v S—D Loz HY Lo (T,7)- R0 -ofe RAZXh b, & LR
RT A= 1; (2 < i< 5) X weight 28 2 ORI E HAdh 5, HL C c CofTHRT 5
X C* x H) ko Iaction 260N %5 bDTH 5D, foTC D j BRI (4) o517, T4
bbb S Do grobal section @ & Y HIIKIFT b,

A2 (4) 53 o s &y S OBEERE KT REFIR2HEMN T sMERE LT 5. 0%
h

4.2 ([#E) H) Eo (T,7)- REGERROPC, HIE Clty, s, ta, 5] 2R T 5 540%
Ko Lo

Te A O D OBIRGUBEZIC R DLDRES 5B, TRIEELKRE > Tnkin,

5 Siegel modular form MIR & MER

Hk 2 ot 2l > MBS % 5 2 kiR £ of%ss C* x HY (with the monodromy
group action) ¢ Ao TWwicdnd C e iIChD L, ZOFRGON BRI ADE L, Siegel
modular forms O & DOERITWMRTIC A D LT AHTH S, Fi 2 @ Siegel modular forms
DERTERD X 5

Clvha, Y6, 10, X12, X35)  (FO&E DT weight £K3F% ) 5)
4,6, X10, X12 XCERIIMAL, X35 € Cltba, P6, X105 X12]

VSR LD (FFEHE—[2][3]) o ol 5 Thx BIAEE L LT BRIk

C[tz,‘t37t47t5] Weight(ti) =
U2, 13, 14,15 (T C_LABHYIOT

THbdo T VB Cllg,ls,l4,t5] DIRTTEAIR & L COREN T BERZETRHER L, £
BOHEER (5) L EEA > TRB T bbb, TOENE Ay B (B v* = 42° —goz—
g3) DEELCBEC BRI IENTD D,

TPl o a; #Zofi 3 REE (9.2) KowTiB< 5,

6 theta ( 5+—4 ) constants DOEF & TN

AREEOWNAIE T [6] KB ATHH 5,
5 X LT X ofEEfilE X s EL T b,

H, = {7|[rBCEHD g WKHFHTHITs Im(r)XIEEfE] , (6)
Ty(n):={M € Sp(2¢9,Z)|M = Iy mod n} (7)



Bl Hy 2R g © Siegel P22, T'g(n) % level n OBEFIABREL VS, ¢ =
(e'e") = (e}...ehel...el) € ZM RO 7 € Hy W LTy
) EI . E:/ . E, tE//
Pe(T) = Z exp l:m(n + E)T (n + E) + 27wi(n + 5)?
nez9

L BT Do Ao H, e hDlRge—FBGR 3 %, ¢h% characteristic ¢ % %D
theta constant &4, “constant” & FoTH H, FOPEHTH 3, RELOBZ ALY
Bl P(r) &I LUEELT Do &' DB (resp. FH) DL & e ik even (resp. odd) T
HHEE5, Elide Hodd k&I, JEEWIC 0 TH 5,

M = ( ]]; i ) € Sp(29,Z), T € Hy, e = ('e") € Z%9 st LTy IROARK Y Ir>C
EDHIbILT VB,
D3 0c(M o T) = k(M)? exp(2mip(M,e)) det(CT + D)I*(r) (8)

fHL

Mor:=(Ar+B)(Ct+ D)™, Moe:=eM™ +((C'D)o(A'B)y),

H(M,e) := -}I{—e’tDBfe' + 2e"'C B — e"C A%" + 2(e"'D — £"'C)(A'B)o}
B TTTgx gl X LT X oxAfa%#HclE<Tti#bhs 1x g fFil%E Xo
Il T Do Tl s(MPE M KT 52 e €3 T CHIRGFELAWEHTH 5,
FICEZD M € 5p(2¢,2) st LT w(M)® = 1 3% W koW AH b T W B,
7 T 2 ofiEE Rosenhain DA

AREOBWINE o; ZEOEH TR 52D THD, HIKES & aq,...,as FfEH 2 oo
WY 9 % Rosenhain &AK (10) 002> TETBIIL b O TH 5, FHIH 2 D{E
OMHFFITBEEANTH 5 2 HIROFER B Do

X: 2= z(z — 1)(z — A3)(z — M\a)(z — As) (9)

HL A\ € C—{0,1} (1 = 3,4,5) A3, Ay, As HHEWICHEL S, HiIFR (9) & Z ol ki
Figure-1 ® & 5 Yt 57z Hi(X,Z) ® base K X 0 JHHIFHlr c Hy 3 bh 3, coe X
Rosenhain & [7] T, i b A; (¢=3,4,5) % theta constants DHTHK L%, Figure-1 T4
% 7c base IC6f LTy Rosenhain OARIE, Ko X 51k s ([7])o

_ 79%000(7‘)?9(2)100(7‘) _ q9(2)100(7)79%001(7) 0%000(7)0%001(7)
A A A

= , = , 5 = . 10

° 19%000(7')79%100(7) ! 19%100(7)79%001(T) 19%000(7')79%001(7) (10)
WHEEMN:=0,:=1 28, CO )\ CHLT

Bi = V00110091001 i (1<i<5) (11)

tBLo ZLT

o= i g Y06 (z =06 —ﬂj)) (12)
=1 7=1



EE<e (10 (1) BT (12) X 0y % a; BKOERE D0

oay = ~'l9%00019%10019%001 - 19(%000'8(2)10019%001 - 79%00019310019(2)001 - 19%00079%100"93001 ’
day = +ﬁ%0000%10079%001 - '0301019?)11019%001 - 193011?9(2)11019%000 - 19301119(2]01079%100 ’
Sz = +19[2100019%)10079%001 + 79?)010’0(2)1160%001 - 79%11079%111”&%100 - 79%01079%11119(2)000 ’
Say = +19300079(2)100193001 + 79(2)01129?)110793000 + 79%11019%11119%100 - 19%011'8%11179%001 ’
oas = +79(%00019%100193001 + 19(%0110(2)01019%100 + 19(?)01079%111 19(%000 + 19(2)01119%111193001 :

Fies o — a; HROFETRE Do

_ 92 92 g2 — 92 92 92

az — ar = Yio00%1100%10015 a3 — a1 = Yop0P0100%1001 5
_ 92 92 g2 92 02 92

g — o = P1o00%5100%0001 5 a5 — a1 = Yo0?1100%0001 5
_ 92 92 g2 — 92 92 92

as — az = U5010%0110Y10015 g — oz = Vg0 P01 %0110
92 92 g2 _ 92 92 92

as — az = Yoo11Y0010%11005 aq — a3 = 513091111 %0100,
_ 92 92 92 _ 92 02 92

as — o3 = Ygo00¥0010Y 11115 a5 — g = V01111110001 -

7.1 (R) ko 100X (Ta;—aj =] OCT L) BETROBICET 50

a; — aj = sign(i — PG [1em V0 ) - (13)
HLU 4,7,k 1, m X 1,2,3,4,5 OBEEET, £[]E(14) THRST b odd thela char-
acteristics ¥ FFT b D ET 5, FNdb sign(i —j) F i — ] DFFEET DD LT Do
8 I OEF:

[o(1)/T2(2) 2% 6 KEAFRE Sg L AMTH D C L RRAMbNHIZTDH 5o Thid 6
o odd theta characteristics (of genus two) ~ 1I'5(1)(= Sp(4,2)) Ve E LTl bR %,
IV % 2RI 4 5 DT, ¢ OFBESGIGE ERRICHEZ X 50 fifi 2 T odd theta
characteristics [T 6 3

[1]:= (0101), [2]:= (0111), [3]:= (1011), [4]:= (1010), [5]:= (1110), [6]:= (1101), (14)
THEHH, % M ely(1) xfLT
e mod.(2Z)* — M o ¢ mod.(2Z)* (15)

% 55tinas. 3o 6 o odd theta characteristics DFHREZA TR C T, Ko T, & M €
[o(1) Ui e {1,...,6} LT

[M ()] = M o [i] mod.(2Z)*.

R X 51 M) € {1,..,6} 5D €5 LTROHERMTy(1) — S¢ 2MFbhice TO
HERITC X 0 2 To(1)/To(2) = Se 2855 b %o
L ATAARAER LTV BEHE Dy(1) 20 b 0Tl A TRICEFRT DR TH Do

8.1 (%) I’ :={M € [y(1)|M o (1101) = (1101) mod.(2Z)"}.



C ORHIR DY % FFo0
1_‘2(2) cl'c 1_‘2(1) and F//Pg(z) >~ Sy .

FIIRPHE Y 3L D0

8.2 (#lifE (A’Campo [1])) T'=T.

9 HEFTOER (2)
IRED @ (1 <i<5) LRI i LTy IROABEDEL Y LD T & B3b o Teo
9.1 () I'> M +— x(M) := r(M)?exp[2mid(M,(1101))] € C* ERFDUEFIITH
o
C O#E (9.1) BT — 2 RN X VLA TH Do

D C

92(%%)Weﬂﬂ&@@ﬁM:(B .

)EI%VreHzmﬂLf\

o) (M or) = x(M)det(Ct + DY2oy(T) -
23R D 3L

2FAHIL theta constants DZEEAX L (7.1) 65 #HiE (9.2) X WIRER T BB Z 0 KD
FoskhoTtwiymtEbhb,

D C
B A

9.3 (F4) j(M,7) = XN AACTEDP (M = ( ) T, ey

CEHBROFFS% 5 % b pAREMHRHEEC R v ) CoTFHBRIELY X, F—x»
FH~T 3% bundle & Siegel modular form Wfiti3 % bundle & OPHRSHHMEIC A S TH S 5
LV SRR o T\ b,

10 4 Foax b

L4ED T Ak, WK OEFHIEEA A LIEFF ISR A S a 2 v P& ¥ Lk, HHEE
BERBEERTICHL L Ze f R 0 2 2~ ORI (1.1) OfRE 2 (b » &~ AR T) Blc G2 bh
T3 HLLWOTY, P2ofoEiRoflikzer] (K3 fiEos s moduli Z2[E]) %8 - T JEHH
‘B (& modular BYM) ORENEVELEE. TOZEOWNEIC P! Eo 6 SoRlEZeE s Bl
b0 ZOWHORED, S X E5ERER ([4]) LT 2D OTHHEDT L TLIo
DRI RKOMALR [ o7 b T 5, SRR S LSS o T EatHb bR S &
A5, DAy T ERWREE L ERIFONAVOEBEREZMCEITETETCVE¥A, B

A MERLC Wi TERME DS L EE Ao (19974E 8 A 22 H)
S 3CHR
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Definition 1.1 ({ZHERNRERR)

S &1 OROEWETEMTFONI- =52 ETE. Z0EE S OIEKFED
HERFZONEF e, 28 EER L3, 52 5N S OREIS LT, ak
BED 1 THDHZ L ET hH,

Definition 1.2 (I'D 77 ZAEAQT &~ 1 FRBH0Q)

I' =< A, B > % marked quasi-Fuchsian group of once-punctured torus &g
Be SOE ETOAMEARR QD) 13 2 0OWHRS PSR be TD—JT DR
5O BLOTIARD TH D &k, TOFZHNLWR A, B PHEL S
QY TOIERBED LR B TH A L T H, b H—TOWF Q- &T
DIAFAEDERH T EIZT B,

Theorem 1.1 ( 1 DAROEWE b—=F DT —IL X Z1 X ([3},[9] Z/%))
S % 1 OROBEW b=F A LI ) —<VilE U, ZOFEREEOREEN 72
EfSra,f LT 5hH, 5128 O E BRI T DAL B HFE S L
B11(S) D involution & T 5, ZDEE, RD 2 DDA T 2T marked
quasi-Fuchsian group I' =< A, B > 7% A ¥ AZEPT DI & B C—3
WZET S
1. a% A2, B % BIZHOF LI lem(S) »5 I ~OFREEE % FHE
T A, 5 S QY /TAD conformal map AFAET Do
2. QOF 25 QD conformal map &5 2 ANEL2 DAy A EHF
FEL. TOEEOTy & Q- OIEEOE 2 126 L, ROMR E(yz) =
0(y)E(2) BWil=d. I T, 51D involution & 7T 728, &1
WZH Br(S) DOTNORIER B & ET 5,



GEB) W —~ YW S OEHIZEEHRERHE LCEPFPFRHZED, TO
BT S G £ 58, 08T 5, 5 O & &3 5 M0 S %X
RECHEEGIZOTE EMELTD v, ZOHNDEL LT f &45E,
FEDge G E2e HIZHL flgz) = 0(9) f(z) ZWi7z 9o RIZ T H,
Do HANDEE L% hz) = f(2) (22T2 id 2z 0BHRIE) T s .
FRED IS h(g2) = 0(g)h(2) (g € G, z € H,) &=, €2 T, G
Il )V N T IS uERD L) ITEFRT S,

[0 in H
"\ hs/hs in H,.

CoLENLE) -y OEGEBEY, N b7 ITER w; = pw, BN
7o, U=~ YERH EOREMFR w A Y AEROEREHRNWT K
WHEAET Do S Cw & woh  HEIH CIEAITH 5 & EWZHEE T 50 ' =
wGw ', A=wow™ ", B=whw leBLE, T=< A,B >0 =w(lH) &
Q= w(*) & AESBARE O ARSI S DO marked quasi-Fuchsian group (2
. EEAESw  H - QY 3 R T. KICEATE C = whw!
O QT2 DA Y AT TH D T L E 0, TORBEEARL)
BB EY, QTIEE=C, QtCIE E = C 1 CEFRT S &, HHEEX
EyE~' =60(y) (v € ) &ili/-§, & 2 Crid quasi-Fachsian group & 05
AR TS D, 013 —~ YIHO B CHBGE, HFHLES LT B DT,
type-preserving. J o T —FVOREEHL Y E A Y A%, FFIT E
WHESES e DT, M2 TH Y M2 27,

R D 2 DDA E A 72T marked quasi-Fuchsian group I' =< A, B >
S A AL TORBERNTC—ETHEDH AT EERT, W i=1,21T0
L. LD 22088 %5i/-3 marked quasi-Fuchsian group I'; =< A;, B; >
OB and O B LU 2 DA Cy AZWRE; - Q7 — QF dho
FebF B, TOEEEML POEMESL T Qf - QIPEEL, Qf BT
HAH™ = Ay & HBIH™' = By& /=3, Q) 2 5Q(Ty) ~D1ERIES
Fha, QF ©F=H, Q CF=(E) ool £ L TERTHE F I
5Ty ™D type preserving RAM %E L, Lo T, BU~—7 Y ORAEH
LY PlIACYAERE e A, OF D, EHE %723 marked quasi-I'uchsian
group I' =< A, B > & A B AR COIZ LR T—IETH Lo

Theorem 1.1 K H, KD 1DV b—FASDF A I 2722 T(
% quasi-Fuchs FEOZEM QF(9) WWIEHIICHE DAt & &A% HkD ([3],[11] 2
)0 COBET—ILZATA ALV, EpbEL LT 5H, By ldm(9) o
involution 0D &I S & EWITEITT B o RIZ BeS, HEETFHAOFE L
TEHEBHESL Z & EiRT,

~—

\(



Theorem 1.2 (7 —JLIBHAZ ([3],[11],[12] &ER))

0%, a% BB (S) D involution &35, ZDE E Theorem 1.1 TEE 5
marked quasi-Fuchsian group T' =< A, B >T, TOEHGR A, B D S1,(C)
TORIER Ay, By RO 2 B b OB —EMNTET 5,

d?41 d3
Ay = d 4d242

4d% 42 d
41 4
By = d 4d?4-2

d
4d% 42
_ _+_d d

ST, dIE 0 ThWEERET A,

(FEW) TOERGR A,B OFWT P = [A, B] 13 parabolic THh 1, # 0 RE%EH
% apb$ 5, Elliptic 270 E &, 00 ) EAE™ = B %73 DT,
EPE' = P73/ d, 2F D Eidep®EENE LTEH2, EDOBH 1D
DEELE zpb T ho apap,Pleg) &2 00,0,1 12T A ¥y %5
Trodfzr s, PEEENENP) =2+ L,E(2)= —2 &b, T'%
SLy(C) IWAEGREE LCEL R 57201213 P oFsh Lif%

-1 -1
()
ETIUE L, &MFEA,B =P EEAE~ =B XY, A BOFEL EIFIZ o
Ag,By TENAT ENEIHEP LD S,

Ty =< A4,Bs >C SLy(C) %35 A —% — d 2359 A marked quasi-
Fuchsian group &4 %, Ty C PSLy(C) D SLy(C) ~DFFL HIFOHHEE
d D FIHET B T/F A3 aT - LEHOREMEDESRED, L, 4D
I AL (3 By FIFRIC B0 &0 C d2id 1y OTEA i RIRIREEREL 7
5 (811 BM) . By ={dec C|lye E;} £B<,

Lemma 1.1 d 250 ThWENHETHE, did E, o Th s,
GEWY) Agk Bad b L— A3 E 2224 k5T d 5 0 Th\wERE T2

& Ad}: Bdbi hyperbolic. ﬁjf [Adr?d] DML —AX-2 & U\ Ad}_’_ BdT“i:E}&
ENBEET v 7 ATIZR Y, dIFE,DTLTH %,



Lemma 1.2 d 7% Ey OT0% HIE, Z0OEFEIRID ByloaThs,

(REHY) Agl By CHRENARIT & EHEIHK I(2) = 2 TR LB O TH
Do ¥ TWE P EEWIREY, dbT—NVATAADTTCIZ R B

Proposition 1.1 JEffiiL Ey O ZH B,

GEB) LD S d D ECETNTHBE ETH, ¥ M3 2T =2/ T(S) ik
PRHRERE L D, EgNT, d 5 RO S & EBRERENH B, OBEITd— —d
Cdi d BVEESED &, B AW TR WIS TES, iy S b
30T =22 T(8) HMHRTH L L ICFIET D,

Proposition 1.1 & 0, Epld A7 Fiicd 5 & LT L\, $Fi2 d % EyDIE
HIl 22 SO A B A & S HSE S o ByNDOIEDZE % 7 —ILT 1 2 &,
Ryl b ET 5,

Proposition 1.2 7 =5 4 & EgN® Fuchsian groups OIE5—8BF
Lo

GE) Lemma 1.1 XD 754 vDOTCERL Ty 7 AHETH 5, £I12T, =<
Ag, By >H57 v 7 ABDETHE AgD b L— 224l e A By b L— A 2L
HE B ICEH DT, d DERTH D,

Lemma 1.2 CHL72 & 910, WEWEEE 1(d) = d 13 Ey0 FIERZ invo-
lution &5-2 A, RIZ EaDIFHI7Z: involution & & 5,

Proposition 1.3 5(d) = 55id EgDIEHI % involution T®H %,

(FEHI) marked quasi-Fuchsian group I'y =< Ay, Bg >0 L Bd,Agl b F/
FEHEG 7 AR RCR TR U5 A&~ A F A0 &0, COEBSRE A B

_1

ABRMA; (22 TM = L= ) CHfEREBET L =< A1 ,B1 >
0 1 2d 2d 2d

DRSNS,

KO1OEBZ P —F A S DI A3 2T =220 T(S) IERD L) ITH
ST P H & E—#E s (6], [11],[16] 2H) o H W rizxf L,



zrrz+1E 20 2+ TTHERENDTE G, £95, GHEC, ={r€Clz #
n+mr for myn € Z} \VET B, H D Co /G ~DIEA 22 w4 S
Grre L, I, 2rOWBERIEL T D, ZOL E5&MHn(Az) = n(z)+ 1 &
T(B2) = 7(2) + 72 W73 T, D4R A, B 1& Riemann 171 H/T', OFEHER 72
homotopy ZLEIZ R Ao TOXIRIZ I YD H 25 T(9) D conformal map 2%
E£F¥ 5, Theorem 1.1 CHIZT(S) nH By ~OBRLEFGREDERIZ LD,
H )5 Eg~® conformal map ¢ 2SEF o CDEHG o H — EyxT7—Jb
BORAAE V), T—IVHDIART, Iy @ involutions 1,5 7 —IVI7 4~
w LR THARL ELLTOMY,

Proposition 1.4 1. p" ' o So9(r) = ~%.
2. ptoTog(r)= 1.

8. 7 VDAL Pz LY EEPINOA {r e H||r| = 1} W7 -
G4 Ry WD,

()

1. Ag, Ba?r® By, A" OILR OB IGT B E D 27 — i PSLy(Z)
DICIET ~%JQ D

2.Iﬁ1i0\S@E%ﬁiﬂw4050¢®@%ﬁiﬁﬂm¢%oit
iE T OFER T D, —Jipolop(r) Al (22T NIEDE
) OBE LTWwAIERLA=125bh 5,

3. Rpk {r cH||r| =1} NI &y toloypDEELTEE LY, E
2P OFHRIDVTD,

2 WO 12V N5 X FOBMEAEOEEE1L

LUF [16] 1298wy, KD 1 D7z b~ A Lo B O A HAT b E—
AR & HEEARE € QU {oo) DRITKIE&/ED o FEICIEIHE T 2RI &,
THM % T_THT, MEOBITIEF %, HOMITERS % 55 B35
2eQuU{oo= L, fEE DETHEF OIS ANIER S K L)y ey
Ao Ha, prenFNFEIRYEbEA L, RO 1DV T A §HT
&, L(2) IS EORDEY 0T EAHARTE b7 Tl W EST R 5



Dbo S EORDED DN —TIZEHHRE b — 7Tl EREA RO B fos
ENEPHERED(S) E L, S FOMMLL OB BRE MR [L] £ 5
LEL UTFOZ EDbds

Proposition 2.1 ([16] £H8)

1. g €QU{co={}iC [L(g)] € 3(9) &Rty &% A F151L well-defined 7
Da i,

2. [LENEHIET Bmi(S) =< a,f >DTEW (B) & LT D L5 I
EHHZEDPMED, T, WD) E W) ERD L) ITED B,
0 1
W() =a, W(;) =6
ps —qr = £ &WIZY plg < r/s 2L, TTIZW(E) & W(L) 275
FoTnhbTh, COLEWER) BROKXTED S,

p+r

W
q+s

)= W) W),

P, abfk Agk Bylo) o9 m(8) 5 b TAORBGERI LD, W(E)
& TgDIBE Hieto

3 Rational pleating rays

Iq® limit set #A(Ty) & LTy 3 RICAMZER H> TOA(Ty) DM Cg B &
FEDMBERIC, #EZ D, TgdR 7 H VIRICE Y BM/ER L, Cy
BLUOC; #2NENHED, €2 CKRD LY % the nearest retraction map
7 QL) — 0Cy %536 T A ([4],[8] ZH) . QL) D 2 iZx L, H3TD o
% s & L7 horoball TS CyiZfills e\vvb DD ) Hig KO b DEE 2|
OCEDFRE r(x) ETH, CDEE, TOEG r F1RIE 2 FAEERIC R
BHo CDEZIT S o T, Q+(F) LQ- (F) ' Xf}b\@—%dcd @Lﬂqk g
iwcj\ OCT &Td Z ETd B,
Ty racd WELTY -V EHOMED b0, 2T, HEIZT) - VO
n:;k;% SELTBL ([2],[4) 2R) . Al 3 Kmdtik M Ao T — Vil
I, AR S & S M A~DEM f S — M OMT, ZDE f(S)
o M5 EEAHHEAND & 5 — f(5)BFERNTHY, S OEEDA
sty fi2dk ) M AOBEMEICES L) hd b S HOUHBEONITH 5,



BB, AT B EAROM OREFBGHRIIHH TH 5 2 L 2 WET Do
pleated locus &id, fI2X ) M WOMMEITE S LD 2721 KD S A
OPWHFEDOW N o TWAB LI R S DEOERTHD, ZDEE, pleated
locus 1X § @ geodesic lamination, DF 1) S OFES THWIIERD L R WIE
W7 eI B 7 B S Wb D . Tra DA, 9CTE 0CT Tdeh
FRH3E H3 /T, D7) =V Tdh A, WET E Fuchsian group T2\, D
EFhde By —RyEPET L, ZOLE W(E) i loxodromic 276 TH D, €
O HITOEy(E) L& HY Ty TOMIET 2 HREHIR L5 (F) &
Q&I T Bo OC) Ty (¥721% 0C; /Ty) @ pleated locus & plt(d) (L 721
pl=(d) & L, PIT D L9 et i Eifd b,

p+<§> = {de Eglplt(d) = ﬁ({f)}

P—(§> = {d € Bylpl~(d) = ﬁ(g)}

pr Y N
PED = PrE)nP
(o (e

)

p
,q)-

N e B

pr pr
P{=,-} = P(~,-)uUP
Iy = rE Do
_P(éi’ Y% (p/q,v/s)-rational pleating ray & V9,

Proposition 3.1 (Rational pleating rays MOFARA L 4EH)

1oplg#r)s BB PHE)NPHE) =0 20 P (B)nP(2) = 0.

2. plt(d) = §(2) T 270 DLEAGFELRE pl=(d) = H(£) Th o Lo
Th Lrfs # a/p T I P(2,2) 32244,

3. A(£1) i plt () I2d plm(d) 12D TR BV,
4. I(P(2,4)) = P(LE). S(P(5,3) =P(—5,—5)
(FEH)
1. Pleated locus X geodesic lamination >0 cusp @ end (22~ 2 JHbHE

AT A R e 7 5 4 Y IEOYE. pleated locus DELGTIZ7 & 2\ D
T pleated locus DKL 12,



2. ACYABIE : QF — Q WFERBIRE : 0C) — 0CT LT B, —
T EW(DE =W (3) X9 A(5) COCHIE ETy(F) CICIIT) DB,

3. FHR2 LV, plt(d) =A(F1) ET A E pl=(d) = 5(£1). —J. 9CT /Ty
& OCT TPFIANIZED 5 WD THIE,

4. Tnvolutions 1,5 T — VAT A ANOVEHOAF RSB S 2

4 Hyperbolic loci & rational pleating rays DB

PeQU{oco} ITRL, W(E) € SL(C)D ML —=ATrW(2) 2E % %, LT
Nk E()LO)EEEUE@%CTP/,]E%L&@—Q F BTN EOAPRBEEE A3
EbdHAbH, b V_XEEJ%LTP/{IOJ hyperbolic locus # XD L ) IZEFKT 5,

H(g) = {d € C|T,/,(d) € R, |T,/,(d)] > 2}.

Proposition 4.1 (Hyperbolic loci OEAREY L EH)

1. ALTED hyperboic locus 137 — V5 A4 ¥ & &,
2. fEREDL € QU {0} 1t Ly Typp= Ty £ T H(E) = H(Z).
8. P{E, 9} i H(2) & T N5,
Gy
L. 7 =54 ¥k, W(E) i hyperbolic DT,
2. TrW(2) = TrEW(2)E = Trv (L),

3. 7(5) HOCT @ pleated locus 7 5 I, 7(8) ZHFIZ S D 2 DD support-
ing planes 2% % , w(%) FOCT I L 7(0)331]’)’(5) EAREITT B
DT, b L TrW(E) PBEREUR B, Z0 2 D0 supporting planes 1
Y(B) ZHELCHERLCLE 9o Lo TTTW(2) 155

ROFEZT rational pleating rays & hyperbolic loci DFFRIZ B W TRY)
ThH b,



Proposition 4.2 (Proposition 5.4 of [6]. Theorem 3.7 of [7] Z)
Rational pleating ray P(g, %) i II('S) \ Ry oMl m 5t

KROFEEIE rational pleating rays DFAL & RAET 5o

Proposition 4.3 ([9] &)
Eg \ RyDIT d oF hyperbolic locus H(p/q) I Ao TWT, pD Earle line Ry
D14 2B IUE, d W rational pleating ray P{Z, 1} DILTH H,

5 Rational pleating rays DS
RO EBT Rational pleating rays ORFrEIC DWW TR~ S,

Theorem 5.1 £1 CRWEEDOFEYLITN L, rational pleating ray P(L, 7
1 simple arc Th b, T DEFUIOE LD i,y & Farle line Ry LO KT by,
Thh. Cp/q/f‘ai [Tp/q(cp/q)l =2 &z L. bp/qai Tp/qd) Ry LTD7-7210
D eritical point 127> T\ b,

EMERT 2O WL OO LETH L,

Lemma 5.1 7—IVT4 Y Ryb, d A0 RERKIZWE, L — AR
Ty /q(d) OHBSAUIRKN D o T O HIE Ry B LD Ty, D critical
point Ry LIZH D Z EDDIP 5,

Lemma 5.2 18iCALLI I, L FHHZRO 1 DW= ADS
A 3IaT—-ZEf e B, 0/, O p/q loxtind 5 BEiHIHRo R S 25k 2L
T HOr &t Cpy(k) &35, TOEE, (k) DEFROC, ) (k) &9
ORI plg THDo BT k> k2 HIE, Cpalkn) D Cppe(kz) TH Y,
Ne>0Cype(k) = p/q-

Lemma 5.3 U ZHENE L, D BN E T2, DL, URHD arc
DSER OU L p—3i land T A7 HIE, ) —< Y EHIZELABIXE L TET
B DAD are bFROD tO—HiZ land T4, SR FOMELRS 2 4
\Zland 5 ares DY) —< YEHIZ X BFIERLDOD OMER S 2 HIZ land
T 5o

PLEo#fiioo F ¢, Theorem 5.1 Z5EHT 5, Lemma 5.1 £, Ry
W V=AW T, (d) @ eritical point by, D Do TIDH Ep — Rell
5o C H(p/q) DB & Do [Tyq(cpg)l =2 TTHELE S, PRI LD,

byjg B 5 Cpp™O simple arc 1,754 54172, Proposition 4.2 & 0. L, W



P{p/q,q/p} =& FIN 5, Proposition 3.1.4 L Y HEL L ITEREKE 2 Lo
T Lyyetd P(p/q,q/p) D3RG E LTI, P(p/q,q/p) — Lp1qDFL ap o H°
ENIZET Do ap 20D H(p/q) OBE | T, 252 1215 HHIZE 2T,
DK Ip/q ETBE, [p/qbz‘fﬁ\ﬁf‘\é Jp/qK?“G\O THQH(LY)/TqD p/g I
$htd A HA MO BUNR SI1E 0 1), Lo T, TNSDP 1 TO
83 Lemma 5.2 125 Y p/q %90 Lo T Lemma 53 &0 J,y I, &
AT < eyl 0 BLEDZ ERE cppgtd M L — Xla‘{l%l /q(d) @ critical
point T b, &0 T ¢, DEFZIZBNT, Ly, & Jy “}Tffé A Nz,
Cpg P OIEFE Y Tyl ¥ 0IZ H(p/q) @ﬁﬁfmﬂﬁl wEhb, M-
ADRH S 2N 2 DO By OFHZEH 1 [ U impression ¢,/ @D 2D
DOAFE 7 B prime ends DBADHP L, TNHIFE BT —< X FHETH LT —
JVHR S A p DELFANDOPEER T p/q \ZHIE L TR DTH T T F 1\ ) H@ZEE
(Theorem 15.5 in [14] BIR) ICFIET 5. Lo T P(p/q,q9/p) =

Corollary 5.1 p/q # 7/s 2 5E ¢p/q # Crys-

(Proof.) T, t&. [5] @ DT T maximal parabolic group 27 V. Theo-
rem 3 in [5 ] V)\ F0 YD IO R & %0 parabolic elements |2 & 1),
PSLy(C) TOIBE LR T—IRIZET 5o

Corollary 5.2 by, = b, 25X r/s = p/q T72Wr/s = q/p.

(Proof.) Theorem 1 in [10] (2 & Y. 7/s 1ZxFh 9% Hfl R RHbARL O AU =
SPHILOC, (k) FPSRITBIBCH Do L o TIC, (k) EIC,/5(1) Wik
2 T LA =7 by id0C, (k) & RgDIIZ 1 DDOHITTH 5o
Lo Ty = by 78 HIE, 0C, (k) EOC, /(1) & Rold, 1 by CHT %0 Ll
LT ERE Cpr(k) & Cppo(D) IREEWRICH Y, Lemma 5.2 XY p/g=r/s
Wb



6 FT—IVETINDIST4vD

ToWETIVEIY 2= —TH R R T A TT7IEROED , FEE
p/gZxt L. 2EIDFET Ay By® word W(p/q) % ImMBICETELT 5, 7
DI L—ATrW(p/q) & —1) =N b OB [SLy(C) DT A, Blogt
L. Tr(AB) = TrA -TrB — Tr(AB™Y)] 17 & 0 REIICFHET X o TED
S8 E127272 1 D Ty (d) @ critical point by, B D, €I 572721 D72
'} hyperbolic locus H(p/q) DFDS By — R DT THBDT, #Nkh7-Eo
TN Tpq(epa)l =225 H cpry TTVL o CORIT EgOEER DM THY, &
@ simple arc 2% rational pleating ray P(p/q,q/p) T 5o

/
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1. #

B —~ 2 (HAHWIE, L) i) —~ Sk R Eo GraEicks)
Laplace-Beltrami /EH %~ A 5 X7 b v O 47 [ % B T O30
WES ORGP B D] LV IBEPL INFEFTCELONCEIVIIRENCTEL,
iso-spectral problem & FEENB DD ZNTH B, AT P VOSAGIES BA A, T
BT T T B, Tk, HOERRIZ L 5 TARELR IR NTED 9 b Bl 2 135
e BTG T 5 & 9 BB TARY PV OWREEE I X o CRICLBUMNTR ()
WA L)Y AT ORTEDT IE Well 2 S0 E DAL TE 7,

—h. CNEEHHERTHMRE 23, H—RAHELHENLFENR) B¥H b,
DDA RBEP LN TS, Fl21E. T Reileigh quotient & M
HRDE D) TEOTHRE LTOREAT A2 &5k 5,

[r|V|*dVol
)\ — ] .
(7)= ., [ @?dV ol
COEPIETH A EVIWEIZ PR AERIC L > TRIENAD, HHVEED L
RHRIZ Z OMEP N B0 ZTHIZDODWTHIINY — < VHIOGEICFEZ LS. En
I DPAEDBHEDT < Th b,

PIF RIZEIC—4 oz 2 g0 BUliEHs (Poincaré 51 =) pr = pr(2)|dz| 2o
Fe) ==V ET B, Thbb, BB S D 5 FR 2 EEWET S p D > R
ﬁ@ofpmM@:Lipﬁmbjotﬁéoﬁﬂ%hl%ﬁﬁkﬁ%%m@@@&
B NOFERZ IR U720 o720 T BICIIEENLETH 5, HOSD 20 Ts)

ZOENR) OEZEWIZROMOPKIER L ORZ R TH 505 THS 9,



Theorem 1.1 (Elstrodt-Patterson-Sullivan [6]).

[

i if 0 <6(R) < 2,
bLR) = {6(1%)(1 CHR) il <8R <

::Kﬁ@ﬂ%ﬁﬁ&)tiF%RmiﬁmWL®7y7zﬁﬁﬂkLtt§m

(2D, p:D— ROPEANEL)

Yo =7(0) < oo

yel
ELL I L IEHSOTIRE LTERSNL, EiTZOHIET D conical limit set D
Hausdorff KICIZEE LW I EHILG N TWA, FFICZ OEH SPCEERED 1 X )/
SV EDNR) >0 THLIODULEVTFNTHEZ LG h b,

(FIEED Z & DK ITTOBHN LR T O Y LD T EDFHLNTETWAHDS,
MOV I TIEINUESE LR V,)

STNR) #EHEE LAY FHMET 5 O LW T, 22T Cheeger 8 & IEIE
NBEH MR) BAL L Do Dp RIWICE TN HHM T 287 | I CHSLD
W55 0% WIS S WA Jordan B2 5 %5 b0k 4 5, D e Dy
LT

DV = 1Dli = || pulzPdudy,

D] = [0D|5 = | pal2)la]

EREFET Do ROJLADH %% Cheeger DAFEXTH 5,
Theorem 1.2 (cf. [2]).

| 3
enae = < iy

COFRERLVIFINR) >0 TH B 1-ODUEN T MR) <o THDH, OF
D BHMERAER D < MR)OD| PR D DT ETHDLZ DD Db, B, 1
HAREP S5 H 5 L) RPHERTHIUE W(R) = 1/2 Th %o

2. S5

ST, LCHAILNTWA L) IHEAGMICET 5 A7 b VvOsfini) & L TR,
BB T A A7 bV (length spectrum) D3 5, b ORI EE L RS D
L EDMENTEBY, BIZ TN L&M0 b L TEHEAMOANRT M VHPFEETH
TSRO A~ VLB R U THAEZ R EPHSN TS, 2T, kDL
hEdE LI BBDOPANEFE NI HDTH b,




Definition 2.1. ROFHHEOR SO TRE L, &FEE&, TP 2 b L H%) —
< V% Lehner BCTdH 5 & 5,

B, R Lehner BTH 5 720 OULEEA5r 4R Nlebur~Shen1gorn [4] I2& o T
ZF O L OAEEOWS 2R 2 KB OMA R TH 5, L) T EHMLNT
Wh,

7272, IhTiEReg9 < (BB, Lehner BA7Z5A(R) = 0 & 72 2 BN BT D
fiiCENS ), SCTRBIPLMCRDO L) RIHMELR L9,

Definition 2.2. Lg% R7® puncture 57272 WIRHT L3, T, FFORHZ 012K o TE
HT b0 Lp>0Thb L) BEGHEEREDTHLEOEH Ly/2 THE 25N 5
EBBWRR ONAHDT, O L) iz HFEMFEFD (of bounded geometry)
EIER,

2 RSP T H 5 5518 ROCESSBAT S 2 R0 720 DL B0 St i3 557
B—Hk5E4A (uniformly perfect) TdhAH I EThH B (cf. [5])o

Fernandez-Rodriguez |2 & » TRO Z E PO N TV A
Theorem 2.1 ([2]). Pl RPAFEMEZZRHFTIENR) >0 Th b, 72 RH
DRSS A DM nf, e a0 drla,b) > 0 i 72HIEAR\ A) >0 ThH b, 22
dptd ROBHIEHEE KT o

() FLRTBWT, AR) > 0 & W) WEDPEEMEBRICL > TRz
ZEFREIE T B,

C DR TR ZOFRERD L) 1T L e B o= e iz 52 %,

Theorem 2.2. Re BHRBMFTFfFOa N7 P Thwnw) —~< YHITHE g > 01X
HFRTHHETEH, DL X,

h(R) < =+

N =
b«|>a
= |

FRIZA(R) > 0 D5HL Y 37D,
(VR HEA RO & D &FIK[3] DFEIK T O rough isometry D&% v

IXER2 AP OBHICEUT D Db 7272, FRIZERWEHMEZES DITHEL
WTHH I,

F72. %D puncture % EW3% o T I & MR O @ % SHESE A H UIA(R) > 0
DY LD WG Do AU DWW TG OIICEE L (il b 2 212 L7zv,



3. MERRAEE D&

e EE IR A BRICIR - 745, ISR O 35413 0 A5 S % &
Fol b LTHANR)=0&LhT ENHNNE, ELE. FIZITROZ EVPHILNT
W5,

Theorem 3.1 (Brooks [1]). R& I Y/37 b ) =< V&b, m: R — R% (R
) Galois BB GR THBABAES ALK E T 5 EANR) =0 TH LD DRE
TS L Z ORE DY amenable THDH I ETH D,

T 7 CHEFEDS amenable THh B L F Z OGS IWERIREEO S 5 A0 RICET
% Cayley 77 7 9% vertex ORI LT “ FRAF" 2ili/-d 2 LB Lo TX
Vi, 2 1E. Abel #1113 amenable 72A5H Hf#1E non-amenable TH 5B, B, T Diy
CCE Brooks { A B IC DWW T LR TWEWHRID L HI—FDOTETHHY
RSN

REFERENCES

1. Brooks, R. The bottom of the spectrum of a Riemannian covering, J. Rine Angew. Math., 357
(1985), 101-114.

2. FERNANDEZ, J. L. AND RODRIGUEZ, J. M. The exponent of convergence of Riemann surfaces.
Bass Riemann surfaces, Ann. Acad. Sci. Fenn. Ser. A I Math., 15 (1990), 165-183.

3. KanAl, M. Rough isometries, and combinatorial approximations of geometries of noncompact
Riemannian manifolds, J. Maith. Soc. Japan, 37 (1985), 391-413.

4. NIEBUR, D. AND SHEINGORN, M. Characterization of Fuchsian groups whose integrable forms

are bounded, Ann. of Math., 106 (1977), 239-258.

Sucawa, T. Various domain constants related to uniform perfectness, Preprint (1997).

6. SULLIVAN, D. Related aspects of positivity in Riemannian geometry, J. Diff. Geom., 25 (1987),
327-351.

[@24



WEB#/% . 2¢(DOUBLE)TRANSLATIONW2 5 —< YA TTL 502

B o
S|P S WEBE

BLSCHKE SCHOOLIZ & ) WEBRU S FET A X o T & o 72 LIBOFER,, Z it
{ POINCARE, WIRTINGERDH-FHEHNT 5,

Translation surface 2 IO XD L HICLTHONBMEDOZ L2 FH o _2DOZE I parametric
curves) C1(u1), Ca(ug) : R,0 — R® + %

Cy(u1) = (fr(ur), f2(ur), fa(u1)),
Cz(u2) = _(91(“2)7.(]2(71'2)793(“2))

Y4h, ZOLEGHRC+Cy R xR - R 0% S = Im(Cy + Co)lERD/85 2 — 5 3k
MEBOMmE %5,

z = fi(u1) + g1(uz), y = falui) + g2(u2), z = fa(ur) + gs(u2).
ZZTCC,L ConBIFE BIERTEAVWEREL L) ("E)THW L E S IFHEMLDDIZRoT
Li 5 o ) C@&Hﬁﬁbi U= [ﬁ]"’(‘i Cl + * Cl(u]_) -+ CQ(*)7 'U/Q“H'H{Gj[ﬁ 02 + % Cl(*) —+ Cz('LLz) NN
B 2 ODIERmEEIETF, Fow F¢0

S i S ij\@b}i;\‘%&f:ﬁ'o

0%z | OurOug = 0, 0%y Our Ouy = 0, 0*z/0u10uq = 0

ComE z = Fr,y) £{bLLTED3IHFEBOHEAE ¢,y THEET L
91 Fow +(figs + f291) Foy + fo95 Fyy =0
Elhe )L LORBE Gauss map (Fy, Fy) 1 S — C*H(P?Ochart L B 9) idgeneric % 5T
AR THY S LORFHER L B o TIWDT fl, fi,91, 95 & Fy, Fy OB#E L TET, ko
4 7DMonge-Amp ere f TN E % b,
P(Fo, Fy) Fow + Q(Fy, Fy) Froy + R(Fo, Iy) Fyy =0

(CHhELYVYESIELTNS X AN HAZ LB DOFENEFEICLiell X 5 Double translation
surface D CHAR K Z L TWb, )



Lie O3 2 @il 4 5 72901 LTt Z-Gauss mapll DWW T IS LEEL (R E 9 o uy-HIRD
Gauss map

Cl:S — P2
%
Ci(ur) = [f'a(ur): flo(ur) : fl3(ur)l,
Cyuz) = [g"1(u2) 1 ¢'2(u2) : ¢'5(us)],
L3 L Gauss map Gauss: S — P2V %
Gauss(p) = {S Op TOERT P VvE P> ORERLELIZLD Y
DD, SWELLE p==C1(ur)+ Co(ug) € 5 & L7k E Gauss(p) 1ECT(u1), Ch(ug) Tk

5B FRER(Ddual) Th b,
Gauss map &7 7 XA = VDR 5

! !
Gauss(p) = [det 5,2 Js

2 93

—det

! !
hi f;o’ : det

b fé]
91 93 : !

91 92

LERbE 5,

S. Lie (1842-1899)13 1882405 3c TDouble translation surface 27t L7z, < ZCDouble
translation surface& (X, 219 OtranslationfiiEx FFoMEHO Z 29, DF Y 4 DDZEMH
iiC,...,Cy C C*E AT

S = I'I’I’L(Cl "— Cz) = Im(Cg —]— 04)

EETHLDEF) 0 T TEDOMIEC) 4 Cy, Cs 4+ Cy DI H 5 Z & #ELE T
Jv, 3T LieO#EHREFLTOLDTH 5,

0.1 Lie (1882). S C R? % double translation surface &%, 2Dk & Gauss map C}
DBTTXT—2D P2 D 4 OB S EFNR D,

ZOEIIBTIEIHT A, ZOEHIC L D Translation surface 248 A E=fHE s shCL
FoTHFNLIE” F4ins” DMt —BIhFL I e nEoT0wh, OGS OPFHEAWD
7EH .

HBThind I L2,
W 0.2, 04RO TH B, Ld FIUIFER 3 . k4 ofEETm G C C P2
Thh, Wi S FEOMWMBoOVvYIL T T - FRFE HRICFE—-HTE S,

i 0.3. Gauss map S — P?Y 1% 6 LD sheet* b Dbranched coveringTd ) . & D43%
EGIEC ORI TH B o

1. ShgZei#ioBodProjective(Linear) Web.
TR 7 degree d o ZEER C C P Z7owv LCOBUEZER P Lo d-webkik
E W 12T %,



E#l.l. C oz OBSBFHE ¥ = H, L&, H,OlEEWe = {H,,z € C}LEE, CD
Bt Web 7213842 Algebraic Web &9,

I CDICH 2RO RHEL D
pcH,=z" <=>p’' >z

ThoHbp #5H, OHEpY NC OILD (b5 A AEHE S 1) k. 2F 0 lRC OXEI%
Lvy,

p'NC={z1,... 24}

To; BT _RTRELELLEY,  COLEEnBERLTOUARAVDT, 2200 & pY il
BbBDTIREe; € C WpDEb ) TERSNECITAE L DIFFR R 2,(p) £ A%T I EHFT
&%o o T p OELY) TP o) = Hy, = {zi(p) = v} WL D IRERLIER F; sEsksh
Bo T1,... xq B—IRONEICHD L Z3T F; 3 —BOMEBEL %5,

B F; WL TROBUREWIERDP A O N TV A,

#£311.2 Nakai. C,C' C P" %#IEBL(BTMEICE F N2 v )CIH 2 2R . b %™ o
WEML LT 5o h BIETERSE(HICLTWT) WebliE We % Wor KRLTWS L&, S0
BABY W(H,) = Hypy,p €C EHBEZ ¢:C — C' BbbETh, DL EC F1243 C' 4
KHn + 1O TR UE, g BEO h, ¢ RERRIBENIATE)Ch 5.

KEADZE kg C C P™ OBGT Web We 1X P OBGIZE[ PPV FICeEs S zas, Ao 22
¥ C £ Linear system & LCd A 5h, & T Linear system ([ZDWTALHPELTHB {,
C OBFHH AW CNH ZdEOE» S %5,

CNH={z1,...,24}
CHeRD L B % C OO
D=ugy+4- x4
EECEE, D% C EOED)RT-LIER, ZOLHICLTELALRTIIRD X)) RHEEVWIELE

HoTnh,
D'=CnH'
2R ORFH H WX DV ERSINLRTET B, H H #Ct"ECERTH 1R EZhZEh fg &

FBE g/ f WHE. HFOKBATELDC PP FOFEEREERL C FoAREER HIET
bo TOMBOET (=(g/f)= 0 MAEt—ocoIEA) L 52l

(9/f)=D"—D
Elho 72208 rABRBEERERE DN TLLE 28T b, —KIC2ODNT D, D' 12
S UCHBEE L PFELC (W) =D'—D &kbrE DD #BBRAEES) . ZOSELH)
E PP D EBIEIMELRRT SR 268 AhE 5, FLAEEEEOTETH) &

(h)+ D >0 (2% Dho 0 44 D)



ER LA h O RO L HHTE DL, SO L) RAEIEEE b &R0
WiZEW % | D | &5 & complete linear system & X5, THIZITTHPo/2 8 3B 2 Lvads, v
AV AN 5}

(IEOWF) €] D [<=> I & 5 Wi

FEHLL3. C,C AT VE L. D, E% O LD O, C'ORTET e ¢: C — ' %
1) & A1 A A0 (4T % R ARIATB ©
¢(I D))= E|

B EE BUKLLE DEFIEMEAERTD =2y - 424 €| D I LT

(]

$(D') = d(z1-- -+ wa) = ¢(a1) + -+ - + ¢(2a)

FEERERAEE 258 & ¢ BIZMRIB(BIERFEE)TH %0

2 R EAR EAEEH.

e b P 22 ] il EEHE i (Canonical curve) Tdh 5,  AEHEMM C, C Pt o B
(29 —2)—Web W 2EHEL L), ETEIEMBROEY FH oI L0 b, Cyxflifig 0 —< vk
5o CLICEgMOBIEHALZIER 1 =B we,...,wy 5 Z EPMBN TV 5 (Fl 2 iIXRiema
nn-RochEHIZ &L %) WERDEE ¢: C - CI ZRD L) ICEFHRT 5,

T T
¢($):(/ wla"'u/ wg)
base point base point

b B 5 A LEOFESE base point 25 OFGEHIC L o T BHDT C DY A 7 ve € m(CH T 72
w; DTG [ w2 F YO KA ambiguitydFkb, 2FY ¢ DIFERIYILT Y Jo = CI/A
EFBOPIELVERTY . TI2C A BEYRZ PV ([ wi,..., [ wy) € CI DEETCI DL
Wb, CORPEGOGERIEN CCCI/A Lh <,

ZDOYAET Y JeDHIZE T — 5 WlF LI L 45KTC 1 DERGEHE © A TWS, i
Yav7r b0y <07 =KD 0 JESLN, HERoERCINE. O T

$(1) + -+ d(zg-1), z; € C
DEETEVREZXHLCDg — HHOCIDRT P VESE L TOF
O=C+---+C

& L CELS translation surfaceDifiE % 2, 2 F D Self translation surface ThH b, T I Tl
g — IROZERMHREEN TN, ...,z € CITEYNRTAFTAAEN g — 1-RDC DR+

D=gi+ --+z,4 €COUD

2O DRPFTHEIRE R b,



FAHEAERR C C CIT 2R/ Bo BHEMODARGE o : C — P9I~ 13
(z) = {holomorphic 1-form w s.t. w(z) = 0}~
= [w1(0z) : - - : wy(Oz)]
LEFREND, EAIL BN w %
w = aiwi -+ agwy
EENTBLE, & w(z) =0l
w(z) =awi(z)+ -+ agw,(z)=0
Yilrko HEo THEEAN OERIHE-S T
B(z) = or(s) - 0y ()]
b, COMBLOBERICOSIEMOILE LTOM, F/oEFWE2 5L ¢ 2C ORFEEETH L
P(z) = [1(85) : -+ 0,(02)]
(ZOBHEIE, B o ThC EOBEHIROERIR OFIZZER : Linear systemIZxd L TIHEICERTE
5o )

CEDIEA 1 R 0 HEFFICOBHENT LIFEIhKcthobbINnb, (b HAAC LK
XADEH 1 —BAFDHLDT, 72 SADRDPT MEGE L TR AFHERTFPH D, ) LD p O
""" %#60@N&m%@@ﬁ%ﬁccﬂwﬂwt¥mm;é%ﬁ@%éhmmmmdw$ﬁwf%z
AN L ISHIRT A I e b b, I THRHEMIIEAE 29 - 2 2O 2 LR ERBLTE (o

(&%) —< YHRCHIBIEHNTH 2 LIZCHTHHERP LO 2 BRI L Lo T A IEEF)o 20

L X EHEIR AR EAE D Sedg — TOIEBA RO 2 FREIGBELTLE W O Eo 29 — 2-Web
b g — 1-WeblZBLd 5, )

DT A2 X9 W o0 T L AWHIEE T & L TRERETSH 5, ZHIERDEHICLT
bbhh b, ww #2201 —EX, FO0HEGEENEND, D' LT 5, w,w ZFITHIIC
f(2)dz,g(2)dz £ & W' fw=Fflg LBDT, It w'/w BCLEOHFEIEREEE 7 ) ZDONTIE

(W'/w)=D"—-D
THb,

Do TITH- 2 7zgenericirg — MHOCO SAEAD IEMEMR ETH 2 5 & P9I~ 0BT mH %k
WD, #5O K=HNC 2&¥5%, COK =HNCD) b TD L PHDOEIg — 1D Y FDKEL
L%

_ ! . !

D*_{x1+ +zrd}
BWE L
Dy +D_=K
b EINTH, TDE ENIN
D+ <« D_
BHLPIC I 1 Thb, COTERPLXYIETrOTF— Y WNTED,. DI D_ICXoTHXT
APTARENTVDL LRSI EMTE FERE 2, .. o) 18T A FT A XENLHHRIC K
Dg— D 1 RILERBRET,, ... Fogg ZFOZE0bhP L, T TIN Lol A BEI T —
HThbIE, 2FD
O FED_12X > T D HfidTranslationfifiEz b o

ZEEIRT



3. AbelmE#,

C™ @ Translation surface &R KIL 1 On — 1—Webfiisg
ELTHRAONDL Z &% FET %, Translation surface S %
S=Cr+ 4 Cp
EEWLEE, SiTe=1,...,n—11Z7nwLT
Cy+ - ds4 -+ Chy, x€C;
=% (leaf) & H4KT0 1 OFEGEE T FO, o T S ¥ double translation s urface TH5H & &
S 132n — 2—webfiik(of codim 1) %72,

INEERT B 1 ROV TEET 5,

—REIC C P & kgd. g ORI E L w #CED 1B ET 5, COMIM Hy 12 &

B Wi &
CNHy,={z1(p),...,za(p)}

Lo CNHWHERR L E &K, (p) € CHETIHCpDIATEEE 4 %,
Bt 22 [ IP’”VJ:UD LIERTrace(w)iELTFO X ) 1Zxgg s b,

Trace(w) = ¥ ziw

1=1,...,d ¢

w BIEHITH 5 & & Trace(w)bIFHIE 22 D% BLA DIXZ T EHEL < v (2 dsAbel D @B D
Abell” X D AEH S =8OR 3565 L )e S22 EOIER 1 —IERIT0DSMS R &0 5

Trace(w) =0

“ 135

(dz Bu=1/z ¥ hHEdz = —2%dz = ~1judu EDPTBHDT 2z =00 € P T2MDOBEFFD, w
% P LD 1 R e T AL w/dz & P EOMATIEEE Y /g (f, g RRK) LT B,
INnPH w DRFIE (W) =(dz) = -2 &b, )

Web#fi 5D 376 FOER% Abel 2l E L8, TN 1) — Vi C 5 e Ze
P* ~o(imbedding T2  TH VFEMEEI U CH ) o2 & 2 HE L CH < (0 BT 22
PV FiCTrace P Egz s sd)o

D=z1+--+ag, D =y1 +- - +ys 2 CLORE DRT-ET 5, b9 —fFEFr Bl
& D D'IBIERE S ik, HBHC EOFBEB DD

D' — D=(f)=fo0nEs — fomES

ERBIEET). [ C P ERIZEE DD EELIIDER [ DO, conWifETH B (fHIH
DOPYUTENDOBHP L T E 5 @T)L@%—EI&#

z; 272 T
> w — Y w= 7 w
i=1,...,d : i=1,...,d i=1,..,d J o

Fubini#l oL D



_ /O " Trace(w)

= 0

YA N b D, ROAbelOEIILFIC I NDPEBEEZEH T A2 &2 Eik L Tnb,
EH3.1 AbelDEH. D EDAFILEMHE,

(1) ..
¥ /wEO mod A

i=1,...,d J 1
1

BT TCHOER 1T =R w [ LT D 2D,
(2) D=x1+ - +xqg & D' =2y +---+ 2y FHIEFAIE,

4. PoincaréDH3i.
AbelDEHONSH E LTS L2, Y a ¥ 7 O 07 double translation iz oI &
RS WD, D_ ) b K = Dy + D 13HEERFT, Abel @A &

Ty Tg—1 ] Ilg—l
/ wi+---+/ w; + / wi+---+/ w;

& =1,...,¢ LT O ORI A=y D IZESHVERE LB, OO base point %1l
MROZE I RS T TR T A2 & T

Ty Tg-1 Ill I;—l

ERELTI, STIh%

1 Tg—-1 z; z;—1
/ Wi+"'+/ wi:—/ wi—"'*/ wi

A, oM O C C i—FHOEELZOT O CI 00 2t e CltE TR ITAX
=X (AR AR 11F

Cl(wlz) = ("/ t("117 RS _/ lwg)e(cg

5 7 HtranslationtliE 2 Fo 2 EShh b, o T O ikdouble translat ion surface T %,
O 25 double translation HE*FHFOZ L b h ozt IAT LieDEHDOT A F7 % Z T THH

MLTHDLEHHAV, F 9 z;-MI#RDGauss map &
(i) = [wiwi) - wy(24)]

F 7zl O Gauss map b

P(zh) = [wi(zh) -t wy(a))]



R INOIIAEEERD AR o C — PITH LB a2l O OF DEEEIRICMEZ S v, 6
D Gauss maptd TN HDNRT ML THRLENS PI™Y OB TR OGN TH b0 Z OB %

arwi(z;) + -+ ag—1wg—1(zs) = 0,
AL RS

arwi () + -+ ag_iwg—1(z;) =0
EMEENE [ay - ragoq] HBHVIER, 2 THA S 1 —BR

w=awy + -+ ag_jwy_y € P

W LR LI B,

5 TorellidoEH +e,¢ > 0.
Z Z CDouble translation FiEICEHEIIC L ST O oY —< V@ C #&) BT HEE%
Z & 90 zi-curve, Th-curveDIENRT PV © OpTOFFH E kD & &, HAENEFEVEZ L
Gauss(p)D Bt BV H, & FEEMIR DD ) 9 HyO P TIRRETH L & O EpTIEFRTDH
bo Fiz © OFEVE(HIZ W Tangent cone) 132 DRILOEET- (Special divisor®deformation)T
sl &N, FEFRIE R p TOGauss mapD R H, & FHEME O D ) ORI TRl S b,
FFIECDICRETEHT %,

ZH5.1(Torelli?).  Gauss map Ol Gauss : © — P91 O O TOL T ( HFr)EEI
{p(z1)+ -+ ¢(zg—1) | BBiF£J I LT 2y = x4},
F7z PO Co S AEAR
{pePI™V | p¥NC | WHE} = C @ Projective dual variety

THbh,

A pePITV LU HoNC =21+ +aggn EHI ) OV PIERTHL & &z
MpDIEFER R IR CH D o 2 B4 T BT & TRpREEET %, it> TGauss map
ERp CIRKDB R R0, Hy NC ¥R & & T OpDBOHRBTFIIX BEHICENT 2V, 21,0, 341
DH, %ERTHEE PITIY opCoRFEE, P9V EPITTORTEOEE(F T AT V)L AL
Pl &, zii=1,...,9 — 1TOH~OEFHDNY bV TEBEERS,

BT H, W CEFNTLE ) DTH, Dz = 2y COWEHADONRT VRS e HE- T

corank d Gauss(p) > 1
Thbo IhLY Gauss map OFFFEEESFEMEMROBEPHOBOTEE, 2% ) EHEMIRO 4

RO EHARTH B o MO (bi-duality )12 & ) FREEE S OFHZROS HEHETR, 2% Y
MoRFNL) =< VHCTH D, ZNTE MbN7z Torelli DEBDEY 2D 5,



—AEIZATKTC 1 OZRARDOFZAOFIAAITC L &), TR E R LDIEE DD THTH 5,
F 9 I B DEM b Monge-Ampere 12 T0T 5,

Lo EOREN O % S OG22 B i O Tangent Scroll OIERMWIER L IHTHZE T, o
E—fIZ 2y = = x; DY C TgenericTh b & X

Gauss map Dp%iifi Afiberids— 3
Thbo Flobo Ll
Causs map (EpTA" typedstable mapTdh 5,
ThbHI bbb,
A (Gauss) = {p € O | Gauss EpTi—EDO5IEH T 5}

YEBE AR O DT AN LT avEBL L, E i =g 208 SAT 2RI E R b O
Nidg — VEONS VOIS

(9=1)-d(z) = d(x) + -+ ¢(z)

W= L. £ Gauss map 12X AEIIEHEMRO(H. WeyllZ X o Trgdg S hiz) BUdEHZ IR (strict
dual) TH 5 Z & b Wronskian & - 725 Ch 2 5, A KO EHITE LNz,

5235.2(Torelli + e¢,e >0). O CCIL,CCPI ! 2 EodbDEtd 5,

Gauss(A'(Gauss)) = projective dual of the canonical curve C C P91V

Gauss(AY"*(Gauss)) = strict projective dual of the canonical curve C C P9~V

ZOERT O 0" BMAEST L LT C PHEHODAFTNTWAZ EEZTRLTWA,

6. Webd st Abel il

ST—HRICWebx BT b, MEn-RIGEMHEET L. M EDOERITGecDd—Web &id. dfiDS:
RIGeDFERF;, i =1,...,d OFRGEW = (Fi,...,Fa) &), @EF, ETCEERRT—&
ONENZD B EIET 5 HLde-Poincaré D13 % 72012, F W RO ”Z AT
TP FRELF LIV, L2 LAFOWVEEOL OISR T RONE L 75, F4KT0
1D EDHREEZ B,

6.1, AKTEDd—Webe W = (Fu,...,Fo)s W = (F,...,F)) #AMTHS Lid MOE
B D ) h(F) = Fl b b2k k590

d<n O&ZET FRU1Dd—Webld BRI H ;12 L Y g s hiz C* D Projective Web,
W= (F1,...,Fa) Fi = {x; = const} WAL %22 3T Ciibhrb, HoTn+1<do
BED R CIHERO & EOMIEORRE L S,

Web#i 5 TR EIRF S E H o9 © Algebrization theorem (E¥21.1)% SR 5
5 X ) R PT eRERE YA AU E E ChEL T L E 9,

STERF SRS 5 W SRMAED R s S NERIBIHu I Lo TEsm s hTwnb & L
K }) o



£7#16.1 Abel 5. KDFEDOER
filur)duy + - + fa(uag)dug =0
% Web W @ AbelJi#Eal ¥ 5,

] 2 ifdouble translation surface S = Cy(u1) + -+ + Cp_1(un—1) = Ci(v1) + -+ +
Cl_1(vn—1) & us,v; ®EFlevel L 35 2n —2-Web & A L7ze W5 2RO BEFERL
%Y o

Cy(ur) 4 -+ Croa(un—1) = Ci(vi) + -+ Cp_y (Vn—1)
INEWMIIEN TR &

dCy(uy)duy + -+ dCp_1(un—1)dun—1 — dCy(vy)dvy — -+ — dC}, 1 (vp_1)dv,_1 =0
E ) Abel T2 72 B o
EH6.2. {1,...,d} DEBES {i1,..., 0.} LT

Jin Qg )dug, 4 -+ fi, (ug, )dug, =0
DE DD EAbelFBENBTHTH L L v, ) THRVWEESEHTH S LWV,
E#56.3. (=9 _TOEHHF0 ) ThvAbe XA RO L THBER* A LEX
dim A = rank (W)
v,

KEd, T g OB ZEM . C C P* ORGTd-Web We 14 LCid rank > g Th b, F72
Lie-Darboux-Griffiths D &2 & ) ) — < YHC LO /AR 1 — A fi(u; )du; i3C L Tesg s iz
@D ER) 1 — TR 5, o T

rank We) =g

Tdh b, Castelnuovo(1864-1952)12 & Y k¥d % E /=& E DL g DI KfEIFAD Castelnuovo
bound THh A Z EBASLENT W5,

EH6.4(Castelnuovo).
m(d,n)=(d—n)+(d—-2n+1)+(d—-3n+2)+---+(d—kn+k—1)
STk Wd 1> k(n—1) &% ROARE, & iCn = 2(CFH ) 0EE 1
1
n(d,2) = §(d —1)(d — 2)
THbo
CHEROEBIZ L YIRS NS,
EH6.5(Chern(1978)). C™ ®@codim= 1 ®d-Web 12722 L
rank(W) < n(d,n)
LD RVASR



5£3:6.6 Linearization & Algebrization. W = (F,..., Fy) #RXIG1 D d— WebDgerm
Y35, EHIREOgerm. f 25 f(F;) Dleaf B ¥ CETHERbLE, DT ) HHIEN
Mo germ C; C P* o T f(F) = {H, =2",2 € C; &% b & &, W i Lincarizable T
»H &9, Linear d—Web®germ, W, C = (Cy,...,Cy), C; BP"OEANIHED germ, 5
ATk dh, T EC, ..., Ci0 2D m—RIABMBD L5 Tb LS Weid
Algebrization T& 5 &9,

KT v 7 i KR, v LinearizationX Algebrization T& 2% ?

2 XD Lie-Wirtinger D £iimaximal rank’:(Castelnuovo bound % attaing % )Web 1272w
LCEILORMBERHEN TH L Z L 2RRL TV 5,

XCY =< VEOY IV T YO L MERO LI2iE 29 — 2-WebHi&Ed ® - 72(§13)0 T OHED
Castelnuovo boundid

m29—-2,9-1)=yg

Tdh b, Wirtinger iZRDOwEH %5 L 72,
%EP6.6 S.S. Chern Lie-Wirtinger theorem Monatshefte
Math.Phys.46,384-431 )idea it Poincaré [ZLoTw5). W =(Fi,...,Fyy) ZRR

I5 1 DCITEREIN29-WebD3F & T 5, rank = g + 17% 51 Webid Projectivize T& 5% . C"
DIENT TR D 5 72 5 WeblIRATRIICHEEL L & %,

207457 1EChern-CGriffithsiz k » T3 Hc— b X T 5,

7. Darboux-GriffithsD 4.
WirtingerOH:F % (B% 5 <) iF TDarbouxidRDEB = /R L 72,

##21.1(Lie-Darboux-Griffiths). rank > 10470 1 D BE# 7% Linear Webid UL T
%o

S, EHEO72DIn = 2058 T A, g =[-1:a:b c P2OFH YT d-Web W HEsRS
NTWBET B, Webld T TIHIBILENTWAEDT W IZAGTHEEFEOARDIE 5 027 ¢ DRHE
M0z = ay + b (2 ZC(z, y) B RO REE) & BRI b 2 l#E Cy, ... ,Cq HES
BB3EWeb W THHELTE, b)) —EEHR T BT E Welddllo 1 X03EREF,OMTF,;
3 C;DBEDOBSEBDIETH Bo ¢¥ & C; O X ) 28mp; = pi(q)13qDIERIBAETH %0

WEC; ETeERENZ 1 - Ew; & L, BUFFHIcs SRSz 1 =K pfw; b w; &<,
wWF

piw -+ pjwa = 0

BN VDET b DTS T AGRDEBY TH S,

1 w 3D TREF SN CHE b OHIIE 2 — Bk Q Dresidued LTHEL
2 Q PHHETHAERICHTIISIRERS 2.

3 Q OresiduelZiZ UHD w; DYIETH Y w OMIFC; 7 CREBEMETH %,
4 Q OWMCIEEBADREBHETH 5,



8 Partl Darboux o7 A4 577 L 5%,
fizCiowERE L

i gi
w; = “=dz = Res dz A d
i (fi v)

EML I ZTf =0f/0yE T gi) flE Co LOBBOE VDI CTH B, Res iE f; D y; TO
W7 CcEEADT

w=Res ——— dz A dy
f(y yi)

EHEF AT LIWIEET A,

gi
Q:E———dm/\dz
iy — i) J

T ho L ZOBFNIERLEC L DR p, T XTI DIoTDHDTH D, THITERICE
baby ZeW o> 2 - TH S, L#L%ﬂiﬁ#HtT%U FEitay +b=ct y D2 THA
ZEWbPE, bHEAAENERDO(EROMEE DB b,

> w; f,da:—O

f’ C; LoREIZrHC; Lot 2odo T 4 f, = Oyt; &L

(i) §¥F~E&t_0
Thhbo t; & C; LOELDOT
dt; = by do + 1, dy
F7 0 — ay+ bk Ddz — yda -+ ady + db % DT
dt; =ty yida+ (tiza + tiy)dy + tixdb
o CaThsr¥ % & (dy = 072Hh5)
(*) Ja ti = yi Opti = yi jf—:,

“1hbho 8T (1) N&a TRBLT HE

(11) Eyi 8bti = Eyi % =0
T 2ho ST

g; 8btz
11 b =%

(i) fily — i) Y — Y



Bz, yDPABTH 5 Z & % 5D DI ER TR
O, —y Ob
TOWDHOTHDZ EaRmEE L (1) &1

Y gi

9 sy Y G
iy —vi) "Fily — vi)

— YO, — Yi g
SCEYD)

y@b 2]

DRy 2 (%) LY

O0utiOpy;
Y —yi (y —y:)?

Sl EO MY v 7 (%)IT&D

0,0t L Ot OpYy;

y—vyi  (y—ui)?
Baabti 6bti6‘ayi

=3

=%
y—1yi  (y—yi)?
. 8bt2~
T (y i)
g:
—0, %
Fily — i)

ZHTIHHO 1 OS5 * b b,

9. Part 2. JLEFHL.
THNCIREA BYBREEE A LAY, T TR OB T B,

E£79.1 (Camacho-Lins-Sad, Ann.Math. 1992). M?*% a2>/37 bzlif. C C M %l
B wECORETERSNIFHPEEE T 5, M —C 9 Stein THoHETH, ZOL SwiEMOD
AHIZBEBIIERY b,

GriffithsiIk o L 9 iRz i Twab,

£H9.2 (Griffiths Inv.Math. 1976). SHZEIRE C P o b 1) TR S A BIPRLIIS
RZe M A RPN CHEIR S b o

ek ldn = 20557202006 ELLTHRETH S,



10. Part 4. Lagrange interpolation formula.

I CEZRSNZ 2 -BA QL. ZORPLHLPIC y = ¢, THERFD. £DIENITy = coTHM
ERHOL IR (&5 EFFOIR>TTH D) £ITO Q OWEEEL L) —RICP LDy =y, T
1otz o 1 - v = y; TOresidue® p; FHEL &

(% P + polynomial in y) dy
Y=Y

EETL, u=1/y B E
du 1

dy y?
hkh

dy = —y*du = ——
u

o1 —-ENruTELE

(X iy polynomial in y) dy

Y=Y
—pi o d
= (¥ 5 Py polynomial in 1/u)—z
w Y U
—pi d s d
=% P % + polynomial in 1/u + —E
1—yu u u?
9 du . du
=% — (p)(1 +yu+ (yu)* +--) - -+ +polynomial in 1/u¥
1 jal in 1 d
=( po ynom1a2 = /u) du — Epz-~E + (holomorphic function of u) du
u u .
Z i Lagrange®inter porlation furmula Th b, 1 TlE> 1R Qe
G
pi = F

ELTHAT 5 L EHoGEL D
zmzz%zo
#oT Q 3y = coTHERTH B0 B € 13- Ka, bE A LEA LT MMC & T REdED 5T
Y=Y, - Yg CRD b, {2 T COREIIITH %,
SO 72 5 DX Reiss OJ7E(H) & Darboux DFHA(1) TH b, Z DR Griffiths I
LY LI NTVEY, 22T IRSDOFEFREY)ELHVLR TS,

FH10.1. nkKIt®double translation surface S I FEHn+1DEHEMEE C € P* OBH2n-Web
We b RETHY, COYaACT o7 — 7 KHT0D2n-Web We ERETH %,

ZEB).  Translation surfaceldrank > 1 % ® T Lie-Darboux-Griffiths®D @I X Y HIBLT &
L. oOFNS 1L REONOEEME C e P* OB2n-Web W b HIETH 5, T2CIEEEHT
BB EDNbnb, FOEROIHOBEOES &R UiEmic L0 CIdEERBTH 5,

ALY 060
E-mazl: nakai@math.hokudai.ac.jp



TUYUTA=0 - A I 2T O LI ONT

PRSI

ZH P.Lochak, L.Schneps & O IL[RIINIFE [LNS]

T g Tn H~—27 3N/ —< VTHOGGERFY M(g,n) & L K(g,n) %% pure
subgroup &9 5. FRICHBRIERE M(0,n) I 3AEAER 2 MMAERTG o, . .. 0py THRS
N, ZOLE K(0,n) ida; = O’,sz (0ij = 0;1 .- aj__lzaj_la_.,-_g cegy) OB THERSN
5 (1<i<j<n) HROZD z; =, LB F/o 7 THIEREMLE RS, B
K(0,4) & 2% x12, To3 CHEMSNARERABFETH Y. ZET K(0,5) B
IR CICTHER SN A ROTE L 89 5, K(0,5) BERT BT 5 IE ;41 (BT
mod 5) #HAUTT5TH % LHEOREREE G ~OEEOUERT ¢ : K(0,4) - G &
HEIIEDFT K5 219 = ay 2oz 3 b RIRETHNIEEE LD L ED ¢(f) % f(a,b) &
<.

Definition 1. GT ##L (), f) € Z* x K(0,4) TO X0 (1),(1),(I1) %73 b 04
WRORE LT Do (1) f(2s, 212) [ (212, 23) = 1

(11) f(@12,w2)2T5 f (w15, 12)215" f (T3, 25)ahs = L

(I11) f(w34,Ta5) (w51, T12) [ (223, £34) f (%45, T51) f (w12, T23) = 1.

fHLZZTm=(A—1)/2, 753 = (z12793) " .

ZOEE GT DFTCIFK(0,4) FIT 215 0> 2y, a3 = fladf CHTHERE A 20
FHRAENC LY GT 13 monoid 127% 5, Grothendieck-Teichmiiller £ GT (by Drinfeld
[D]) 1& GT OWHTEARD L TREE LTEHSND,

Go = Gal(Q/Q) £ 5L, K(0,4) kmi(P —{0,1,00}) B¢ B, Deligne
? tangential base point Tk wREE L THGWA ST HA L HEHERT G — GT 21
T5HZENHMENTV5, (Belyi, Drinfeld, Thara [I]).

[LS2] 1BV, BETRIG (A, f) € GT (/2 LT—HEMIC g € K(0,4) PR LT
F=0(9) " g PIKD D ERMOENT VD, 22T O K(0,4) DED 315 & 393 B58
By 5 A TH %, [N1-2] DFFFITHDT Grothendieck-Teichmiiller #£0 “new
version” #3EFEY D DWW LD ED 2 &2 WW/Zd Z LT E D,

Definition 2. o; (1 <i<4) % K(0,5) O/ESote L, T % GT OWSHTEIE (A f)
O EDEM (), (IV) Zii/lz T KOdbDET 5,
(') g(za5, 251) f (212, T23) [ (234, T45) = [(0103,07);
(V) f(or,03) = 05" 1(01, )07 P (0105) 0021,

T T po(f) € Z AT UL Fpb 1B 5 gz, y) = (ey)2P) CEHS NS T

FAINET D,

Typeset by ApS-TEX



BIREX () (2108 GT DERICBIA () 220 XD L) IZEETHDICZD
LA bnz, S, AR 4 ¢ Aut]/\Z(O,_S) %0 vy 03, Og = 09, 03 5 07,
o4 > 015 C flo103,02) ZEETDH L HICERT AL E () OLE L EETIE
(L)L =1 PN L05, (L)L TR () O TH L, .

STCHB gD 1HY—I D)=~V Y, DEDV—T 5,8 K¢ THZLNE
ISUIRE PN, = UM S A, (PR ADINYY ), ZDEE

Main Theorem. (i) I i3 Gg * & GT DHHEETH 5,
(ii) AR 7 MEERBIGT < Aut (IA((g, 1)) "%,
(iii) (a) 2 GT O T(P) - T(D,1) PEEE Pie P S LI,
(b) & & ITERAEE I ACHIBR T % ET(P U Py) — T(8,1) DR ZINY Y DRT
P, P; T EILTRD,
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GROUPS OF HOMOLOGY COBORDISMS OF SURFACES

KAZUO HABIRO

In this talk, we first introduce the notion of k-surgery equivalence on 3-manifolds.
The monoid C/ ~;; of homology cobordisms of a surface ¥ divided by the (k + 1)-
surgery equivalence is a group. The subgroups Cp = Cp/ ~py1 of C/ ~p41 consisting
of the (k+1)-surgery equivalence classes of homology cobordisms which are k-surgery
equivalent to the trivial cobordism ¥ x I forms a graded Lie algebra C = @52, Cp. We
describe the structure of € in terms of uni-trivalent graphs whose univalent vertices
are decorated with elements of H13. (We give a set of generators and some relations.
We conjecture these relations are complete.)

We may regard elements of the mapping class group M of the surface 3 as homol-
ogy cobordisms of ¥ via the mapping cylinder construction. We thus have a graded
Lie subalgebra M = @32, M of C. It seems that M is descibed by uni-trivalent
trees. The descending filtration on M given by k-surgery equivalences is very closely
related with the lower central series of the Torelli group of 3.

GRADUATE SCHOOL OF MATHEMATICAL SCIENCES, UNIVERSITY OF TOKYO



3R Y PR BARFEEEIZ DWW T

Red i
s I £ e LI 1)

T g D 3 KT PR &L, 1D 3 RIGEKEIZ g o 1 N> Fav (D2x[0,1], D?x
{0,1}) 2EE L TRONB AN 3 RLEHEOELZF V3. LLF T, LT H, &3
eI LET. Hy OSRHERE (H, £EL I LEY) 1, 3RIGERAED Heegaard
i, U —~ Y EOEGER, B LOHCRNGEE LB L ERRVR L
BbnId. SHOFEHETIE, B2 DBED Kramer (C T ZeWI LICER) OFER
W TEBARRIZ He OFRz KD, M0 3 L EDOYAICERERD L FEEHHL
I9.

Hy DFIR
Hy DFERZEL DU TOR T2 HNET.

aE. L ERIIENIZEZ 5N TWDS Hy OILEETIEICLET
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ReE i
2. b = FAMICE PN D D EAMIIEPNIZLODPTRTH L L2 HIKL
. BIRAE, Ho DL L,M,N IZH LT, L2 M,N &, LM = ML,LN = NI %%
LET.

Ho DFER
€1,C2,C3,d1a,d31,t,e x TITHZ6N5E Hy DILET 5.

ThHE, Ho i c1,09,03,d12,d31,te THEBILE L, ROXELABRETLHETHS :

C1,C2,C3 = C1,C2,C3

e & ¢y, ¢y, C3,d12,d31,t

t= C1,C2 t2 =2 d12

diy=d5 =€’ =1, (diadn)® =1, e=1t"distds
digcidiz = ¢z, dzicidz =c3, dig ez, d3 2oy

(t71e3)? = (crca)?

PITFTCiE, FRORDODEDT T FIF A 20T FE 4,



3 RILN Y FIVIKOELFHT I DWW T

Hs T proper [Z¥OA T NI 2 AREW 2 FEEOH T X ) 74 7 PR LI
RZEWCLET. Dy,Dy, D3 % Hy DAY 74 7 HHETH W isotopic TlE7R <, &
LIZHWIIADLLEWHDE LTS, oW, FES Dy UDyU Dy & marking &I
¥, marking 20 b SRS — DY RV b D% cut EIFTET. HIZIE, 5054,
DiUDy, DyUD3 % D3UDy id cut THY %, marking Dy U Dy U Dy IABET % cut
EIERZ EIZLET. 22T, marking R° cut OIS —ETHA I LITHERLTE
vy, Kramer [K] (& Hy 12 LT, 0-H4K% Hy @ marking XU cut @ isotopy class,
1-H4K % marking & ZHUAFHET 5 cut 2% Cd D& LT SR D 1 koG HLKRHE
1 Kry % 2 F Uiz, FEid Krg WEHGER 7 — KO0 HARIOBUR, $4b b tree 10k 5 &
EWREET (K] [McC). Ha i Kry ICHRI/EH L TV, & 5122 DOERIZ AR
P& 1 BEOMEERODDEL>ThET. 32T, Kry/Hy 13, HlFEOEE
Y, marking & cut IZ0g 5 2 O 0-HkE, Thoeo% LMD -HEE D %
HZ Wb EY. ThED, Serre DA [Se] @ Chap. 1 section 5 DFFFE% VT,
Ho &, Hy @ marking ZROESTEE cut RO EE L DRIGHEICH>TWVWDH T &
Bhhh Y. —FH, TnH OWAFOFKIE Birman [Bi] 1L biEmEHWTRD 5
ZENTE, DbEdb, Hy OFRRPHBONE T,

HE. WEE 1 2 H ORI C 4% [ Analysis of Discrete Groups II] C disk complex
(k) VT, Hy OFRERKOE L7z [H]. 4RIESI-FRE, Daiske 72200
FfETH AL E3MEIPOLZ EDPHHTF .

g % 3 U EOBED Hy ORI

H, @ disk complex A(Hg) & AZHARIIHLT, & m-BED m+ 1O X ) 74 7 >~
M CH NI isotopic THREEAELEWS DD LTHES {Do, Dy,... Dy} O isotopy 3
EBoTWHbDEFVET. ZOBRRNER A(H,y) PHERHRTH L Z LidmshTwn
E 9] [McC|. Hay DEIRER D DIZHW tree Ky (& A(Ha) OGO Hy O
BIC X DR E LTARELRBOBRE Lo CnE Y. 22°C, LEEERBEOFEICLY
Hy DFERZFHAHIZOICE, A(Hy) OFLMDD H, OVERIC X D IER L L TAELRE



i e
SHET tree LB bDERWIEZT T EPHENL L VWOTTA, B (199 74
818 HBUE) THRWERTWwERA. —F, A(H,) ~D H, DYE# 5, Brown
[Br] DI LY g IZOWTRMAINIC H, ORRERODLZEPFTHETHY, i, &
DHETERERD L5 LA THTT.
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PARSER
ETONE - Sl R ETA S
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[E#6 ( quantum inverse ) | &) DIFEIX N ONEEZEBHNE T,
AREEKmMOEHFOILNTHERANXE KD L H T4 L, HRICHEHNS AR
L—v gy (HHBEORNIEO) T, BEOMIE & 5 EIEIC SR O IEa k2 51
BIRAATZE DR HDTY. ZHEHBRARXEHNTHMP S EZ ) A RICE
AZT:DT, BfHmE0nIFARiEDIFTERLUE LR [0, [1].

SE, SEAEEIS, BELRREKNREERE S > T2 5T, 44, 40067 -
7o T FWonORBETEEZ KD 5 | REEPEI U E Uic, 2 OFsBRIT A UE4
HOHEMMNTH U ABRETETYT [2]. F/, HNmZK([6] HEKE S 5T
R7IZED, §ZLENT, "ODEDHEEHZ TFXNE Lic. #iH ks
RIS K E TSI eEsld 230 Ea—% - Tal 5L AT NE
Ufc. U EDF 21T, ZORED TS LUEST. £/, SEDOY VRY 2 —
LT THRFF X o TR R RIS o U E T

EHIEO THFNEARE] BOEORETHELEZ -0 - 2R UL
WO TEA, “Rack” B ICXAMBRBHARBLOTIELNHER) IR0 FEL
72DT, THIZODNTHRTlR~<E T

§1 |mTHonOYEE
F % n Aotz 0 ERKShizGmBtE UEd

Fn =< Yo,Y15" " s Yn—1 > -
HERITD H NI, TORDONIBIIFHEA-THEHDELET -

Yo <Yy < < Yp—1-

1991 Mathematics Subject Classification. 5TMO5, 57TM25, 5TR50.
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FAARSER

I/NDERIT yo lIFFR OB R LK TOT, FplididT e TELET.
RD 6 OPNEFHEITLDOWHETY. 72720, ChoOWEZY T, & F¥Finidss
WOF oy (7)) EEbhEd.

1) mFdond B o e BE~O2HG [ F, - F,Thb. (bEThHhbkL
912, U DI crossed anti-homohorphism Tdh Y, [RFHI crossed homomorphism
THA.

2) I e ICXAWNEACKHAED MEAFR] THbH. bbb, {LEOW € F,iZ
DT,

I(IW))=a""Wz
WL D f2D.

3) NIRDEWRT KE] ThHAH. 38DL, Frn=<zp,71, " ,2m >%dH )

h(’yo) = 20, 7\7\?

h(yi) = zk, Bly;) =z, v <y; 8O 2z < z
Aeilc THER]H &5 S X, IRDKRDNA[HRIZIL S .

4) (z=1&EBTE, HMPITTII—HT 5. (851 Fnoizk) 345b5b,
DEDKFUI AR TH 5.

F, _ joR

! !

72720, N(z) 3z THERINLZERESHETH 5.

5) T=x)bF—RLA] P DNLD.) 910bL, I(W) OIEID x DIREDR
X WDEND z DFFEOFNIE L.

6) GROEEYE.) FaDERIG yo,y1,- - , DI B 6, yo TEOHDZEINLD
AT 14 7 A bf::t)o)%:' Yiis Yigs """ 5 Yiy J:'?—Z) LT, :‘n‘;%é'c
=1&EL, EOIEHPRIELEZD. COBHRBIECW € F, W' € FuiZ
Wolekd 4 &, A—Of#ERIETI(W)c F A3 I(W') € Fulilis b,

—100—



HIR SR O FABEE & [t

SX, fMAEHEsERIFEd. C 2T, B0y, Fy=<z,y,z,w > T
#2ZFET. (z<y<z<w)

I(1)=1

I(z)==, I(y) = y b I(2) =271, I(w) = w !

I(z?) = 2%, I(y*) =y "2y ™", I(z*) = =" la 7127, ZHhBREROHI.
I(y™) =™y ™)™, YmeZ, LI Iy =2 lya.

LoOREORE (1Y) =2"lyz ERL.
LIV LEHLEDOELT

I(y"az) = z™(z 27y )zt
I(y™"z) = a™(z 27y )™t
NHOET. HEFROBHBE (Dec. 1996 ) DAROHNIZIL > THET.
I(WyakWy) = I(Wy W) I(Wy) ™ 2 I(W3).
B KO ARDFREE S E LT,

I(Wyz*) = I(W)a*
I(zFWy) = 2R 1(Wy)
I(W=tekw) = (W) "tk (W)

N fco. Eo3HFHOKENKMoEESNE L

§2 NI E T TE DN

ZE n+ 2 HD AN BRI O GARERE M(0,n + 2) OIEDDIRAREEZ
AZENSTT. ZIT, nid2 Eoascyd. &I, 2oL 792 -
Ty A N2 E QBN S M(0,6) ICEIRN S D £ TH, WER, FHiZn+2=6
DPHEZLH D FHA.

XT, M(0,n+2) OISR ERKILE LT
(1562, > Gt

b ET. KT SO n+ 2 FEFNIIEN, Kd ol
P1,P2, " s Pn+2
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AARSER

EZHTEDITET. GlE, pi& pip ZRESRS A, TOPEERLE U TIEDN
X 180° MR I /T p; & pip1 B ANEEZ B FEMHEMH: S* — {n + 2 points} —
5% — {n + 2 points} 2k > TREI A GHHTT.

PUF, s &3, M(0,n+2) QM TIIFHRBETENSHGIZERUTIT b
DELEKT.

a — C1C2"'Cn+1,
b={({C Gt
Ek< &
atr=1, =1
A EN AN AR =%

LMo TS EHIL, SPEDn+ 28207 A Fid M(0,n + 2) DInER
¥»F 9. Birman OA [4] DFLT T, pure braid Ag ;41 1< 92 M(0,n + 2) O
Ty E9AHE, ROFEPHMOSNTOET.

23 ( Gillette and Van Buskirk [5] ). vo,vy1, - ,¥Yn—1tZ M(0,n 4 2) DL
DB WMISERRE P kT 5.

XTC, FTEZ/0DE, M(0,n+2) DIEHDITLTH - T, (ISR OOk
BT, RIS, TDOXHHLUE QG EWHIE (22, Qe M(0,n+2))
ICEHTETD, ZOQIFUICODNT—EMNIZERE STNDT, € IR FDM
ST BITEAUKIGa, b, y; (i=0,1,--- ,n—1) Zffi5 &, FEHEEORK
REIXIRD X H 1ol &9

. QTIGQ
dFotw W Tla TR

DIEDIREEL T —ENICERSNS. T2, WL, vo,y1, » Yno1 CTHKEIN S
HHBEF,DILTH->T, EZy®D [RE | 2&F B0 DTHD, Fiza, b
W ETEZELTE WA M0,n+2) DILT, 88k 1iIF0<k<n, 0<[<n,
k+1<nOffzih bDLg 5.

FERLE 0], [1] i KfkEE & F U, WIESIZ yo®D [R&E | 2E5E 0 EE L
72D,
yo = (3

ENVH BRI D BT, yo EGDRIRIZIE AN S TY.

HEE B AT, (IS M(0,n+2) ®iedi2 D, Uy & Usid -7 E LT,
FFNEEETRINTWAELET. ZoEx,

U, UL U,

REZLHE, ThbOIcHEBETTMNS, Fio LOFEMIC X - TRMEE T
FRINBITTTTN, Uy & U,DEEEEIEIN S U, UL U, OFEEEN A 5150 5 A%
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RRSEEOEREHRE =2

KDL END DN, HEAXOMETY. Hrdoni, &b (s 5, 3
Kbb

U, =W 'qw

U2 :Cl
DESICEHNET.
OB, (CIWTIGWHIEE, FW T GWI OIBICEIT S I ERGD T,
DO WIZ W AR IEAD0, KEIZEF¥mn

I:F, »F, IW)=W

T, 7220, WRWDENSy (—=z) OXRXEHITFTAAEHITHE-TLED
DT, ALIIZ TZxbF—REQ] (WE5)) 2ET S EICL->TIDA
EVEAMLUED. AT -BRICRE TR T Fy, — F, & 1¥m T3, it
T, BFHTOHES) 1, IOWHEENILDE LA, FOBRD—EEEZ S
nFE7.

§3 IDFMEIk.

WD, FFEDP - CnizatEEE TRUBREEZE ] <, Vb (413 5km
)i, HhBtoxx WEAETHEEHE, TOHCKLEDT—I0E WD iRT
WL I(W) 2559 4D T, FEMmE< T, RILEHELE L. 27720, ad
RFEDT — 7 Zffi- THRINZEHET 5 0T, KEmBEITLRL. HERXRZOH
N2 HOFAEFE Ui E X L, —HEENT SBALELE L. ZoF:t
BOWSG A E 2 — D775 MIBHATL N0, B HUSEP)IEE
ITKTY.

SED 1L HIT A, BERFRKESME KIS TORBINISEFEEAF AL
ERO

W oDHFEDEFTIIRDANXTT. LT, fHOD, (ERCEELZEIZULET
I(WAW2) = I(Wa)(I(W:)) 72",

ZORDAIZE v MEET, F,D F,~OLMWER B4 Byw(V) = VW) &%
WTEZLET. WHRVAEALTOHET.

MIEDIODT, Bw(V) W =y, V =y oBa ot LT, i
D By (V) EaEHEIEETd. EBICRE LT,

yixyi—17 k=0
B _ Yk, 1 S k<

(yizy; La Dyr(zye ™y Y, k>
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FAARIER
LU
Ba(yr) = 2 yre
N ESCY S
“HLTC, I:F, - F,&B: F, —» Auto(F,) EW0 I AERICE DR 6N
crossed anti-homomorphism &5 Z &iZiE D E£9 :

AR 5 BT N T.L BN EE L - SR & RO ME 7 A 7 7120 T, IR
DEHWHEAER C - F, — Auto(F,) 2EZR LUE LI :

Yk, 1=0FE k=0
1 .
Y “YkYi, 0<k<
Cyi(yk): =1 .
TY; T, i=k+#0

(zy; te Dyp(zyiz™), 0<i<k.
FAER CIc k0 TRt d 55 NARE

I(WiW3) = Cw, (I(W1))I(Ws)
TY. #-T, I:F, - F,%, CEONIHILAERICKDIEL Sz crossed homo-
morphism & &% 2 650 TY.
ik, C & B BROFICEFBELTHET.

Cw (V) = I(W)Bw(V)I(W)
Fi, HNNKO CE IEwH#TY -

Cw(I(V)) = L(Cw(V))
5L, WOBhDzhz=1ELB0TWEBHLTHONGEE W ET L L,
Cw(V) =Cw(V)

Wiz bEd. #-T, HNED ClE, EBIZIE F,/N(z) D F,~DFHEM%
BZThET.

§4 Rack 12X B EKILDEA.

Rack &9 5% 13 Fenn & Rourke DY [3] THID THI-ToD T, #EI
ZLDAEILL > TEZ LN T2 L DT, oo L, £IiT5HshTH
% Joyce DFIZ LB &, Kauffman(1991) i Crystal &FFCX, Brieskorn(1988)
i3 Automorphic set & FECF, Joyce (1982) iE Quandle &ML, JREA (1943)
i M| EEATNZE 9 TY. F3%i3 Rack 23b - & b—RUT, HEITZDFE
BisasEEZ oNE5 T, LML, EMICEE, HUHDT, £9%6 Rack
(DRI EE) D TEZKL UIZDITHANA, Eﬂﬁ)jﬁﬁx& ( Tohoku J. 1943) &
LOOTTY, BRSO KOH I HAFETEINTHLOT, FEA
FHINTLUE -7 L5 T, Rack theory & F%éﬁﬂ ERTONRLNDTIE
BTUL & 9D
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HRERnOBEGEHE & ¥t
3% (Rack, £). ZTHWES XN Rack () THhbEE, FEDa b X
DWW Taxb &) XOILWNEED, RD 2HFM%HIcT I ETH 5.
() be XZ&IDTz &, ikar— axd (3RBH X - XTHA.
(i) fEED a,b,c € XiTDIT

(a*xb)*xc=(a*c)*(b*c)
ANANSN e

T, RO L H7T Rack X, 24k UE Lx 9. n+2 Sk &K S? — {n+2 points}
DIEMDIFETE A punctures % [l | &3 5 smoothly embedded curves @
isotopy classes DK% X, EUEd. X, DEEDOILb A2 ED £9. b O
D(b) ®IEHT b Ol E ANEZ 5 [ 180°1AllE | (BEHID(b) T identity TdH
L5591 HD) Zr(b) ETHE, 7(b) e M(0,n+2) LD ET. X, D250a,biC
DN, aZr(b) THELIED (a)r(b) Zaxb EFEL &, axbe X, EWXDFF -

a*b:=(a)r(b).

ik, I CTHMES (D) % a OHIENTHADE, M(0,n+2) DIEHDE
BIZEDLSCHICHIKT S, EWIFHRICKD FT
29 UTHESR LIl ax b A%, Rack DA (1), (i) #A729 2 EI3HE S ISHED
SNT, BrLivRack X, g onEz Uiz, (5D 4 A1 Fenn & Rourke (24—
Jokx, ZDX, Dl EEFELIS, MEMIH L Rack 72&EF > TWvE LK)
XnDJIG alZDWNT, 7(a) € M(0,n+2) G EHAonicio D 4. s, Gic
s M(0,n 4+ 2) DGidr(a) (a € X,) OIBICETET.
RET

T(a*b) = T(b)*lT(a)T(b)
PHEND HNEDT, M(0,n+ 2) DILEAHXIT Rack X, D (AHEEEDMN-72)
FHEEZ oD, LB
ZOAYDIEIZHONTE, IV ULEZTHET.
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Genus one surfaces of section of Anosov
flows

BINgE2 (dbkHE)
SER 04 8 H 19 H

FE O 72012, 4 7Tld, orientable categry THE 25 Z & I129 5,
3RITCHEHRAR M D flow ¢y : M — M 1Z%F LT, compact subset
SCM B ¢ D surface of section T 5B L1, compact surface % &
immersion j : ¥ — M AL T, RO 32T EE2 VI,
1) j(X) =S T3S = j(0%) DFEREHS L. ¢ D closed orbit,
2) 7|2 — 05 i& M — 85 ~® imbedding T flow [ZHEHTAY,
3) % orbit ld, —BARRERMIC S &b D,

XKD flows 1. surface of section ZFFO Z EBPH LN T WA,

1) Transitive Anosov flow ([3])o

2) Transitive expansive flow ([2])o

INHIZDWTIE, 05 ICih> CHEBICFM 2T 2 &I X Y suspen-
sion pseudo-Anosov flow 23 55 Z EHOLN TS ([3]. [2])e €2
T, RO EEZEZ THh B,

B. 4 TO transitive Anosov flow & suspension Anosov flow IZF4fy

e 2 A CARMIIC TR T E A9 ?
T, KOMBEEZ A ELFELETH D,

[, 4 C? transitive Anosov flow X, genus one surface of section %

HOH?
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RO Anosov flow Id. genus one surface of section & b2 ([1],[3])o

1) fEE.® oriented closed Hyperbolic surface 1. geodesic flows

2) cone angles 27 /p, 27 /q, 2x[/r 725 3 2D cone singularities @ b2 hy-
perbolic orbifold S(p, ¢,r) L.® geodesic flow D93 % (p,q,r) # (2,3,7)(r >
7),(2,4,7)(r >5) %25 b D ([6])o

Z DI T, Fried[3] B X T 51 [6] 12 L % genus one surface of sec-
tion ORERE —iAbd 5 2 1L Y AETED S(p, q,7)(1/p+1/q+1)r < 1)
et 3 b4 { @ compact hyperbolic orbifold £ ® geodesic flow %%
genus one surface of section & b2 Z & w/RT, THE TIT, BTFEMIT
R S B surface of section 139 XC imbedded surface "CHEFLAMEEAH
DEIERT DD % B b DTH o 7=h5, FizlCBRER LD, HbH N
(& imbedded surface Tld7ZeVyd D7 EQBMFRIHER TS A Z L 2%b
Mo7ze L7z, surface of section & weak stable (unstable) foliation D4
Wity PL #3&E O BERIZ DWW T H iR T, FEFE ., weak stable foliation
DOHWI PL #1527~ 5 genus one sruface of section DFFFEDS. Jo ITHERR
TETCWBI LD, SRODOFEIEWE LT, [7] TlRohTwn
% 83 @ figure eight knot 1279 FAli T4+ 5 5 non-Haken Seifert £k
RONROY -2 RESDHZENTED,

\
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BAZFFEOREE O 5V OhDFH &g
AR CREKFBER R

Z OFE T, BRI O EB X U8 Riemann O moduli 22 D b R
O —ZDWT, FIZEET =20 ErL INE TOMKEZRIEL, Fh
5B LWL OPDOTEERBRNRL, ZHIZL ), BEHEEIBT 0%
COFFEHLAEC B EEE MG TR TWwWAZ EER LIV, LrL,

>

— .

IR B & & BRI PITT AT T, SBELDIEA T 5

7259 L, FZFORFICIES S L5 RNOMFREDN G- TWAITHEWNT W,

D

(1)

BAERED kT Y —

AR O R T 0 Y & R (T 2R

BASERE O o k£ Y — & Faber T4 (I7E— 4R H)

. Riemann 1M @ moduli Z2[# @ Witten-Kontsevich W A 27 )b & #difE 2 5k F

3

. Riemann M ® moduli 22D k€ ¥ —Hl

. Torelli #ED Sp—ANEHEIRETT T —IZHT 5 FH

FAGIERE DT HE K, D Sp—AERE I RER V-1 HT 5 T4

EALFATE O Lie (WE RS

. T O FAHE D Malcev-Lie fCHUTE) < 745 (derivation) &R0 5 7% 5

Lie fU H @ 7 EFEREE” 1200w T; (7Pl 22 5 ) BT & B il
WD gap (FH—4) , WmOIERFEDOTCIZ X L HERMS, Johnson
HERITI AR, Hixt Galois REDE (), W D008 LW EEE ) Trace
TG (AN FT) LIS OB OBSR

. HOMEE Rt Y — (Kontsevich)

H HHEE SR B e 298 O IR e PR O e 3%

. Torelli # D Malcev-Lie IO ARFE/R (Hain)
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Ut

Torelli FEDRE E S & 3 KIGEHARDNAHAZEw (Casson, Witten,
K#L, LeAT b KM, Rozansky-Witten) & O, Z 5 i [Casson
AN+ Massey F5) 22 B0 7

BARSEIE O CFT (W) F7213 TQFT FHR Le-A - AHIA
TR 2T U738l (B ENE) & Johnson #E[H 7

Torelli #£® Magnus 383 & Johnson ¥E[RH ; Magnus FeIIT EFE TIX
R ?
BAZFARED 2 KEFEF L moduli 22 O 7 =R O #EfEs 7
FAGIRED 2 KNFHIH do; 1 € HY (K,; Q) DEFE & T4-
d; & Casson AT T 5 7 SR OBATE”

. Teichmiiller 228 & % V2 & moduli Z2[H D4 & symplectic (F 7213

Kihler) #5<cfrBI38% & 2 b O ORI

Teichmiiller 22 @ Sullivan OERTO " 7 55857 & BARFHFE O
Gromov HH AT Y, & (U2 Hi(My) DR E S XL
HobIHERIYV A7 IVOLIE
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Mg 2 OEARHRF & signature cocycle, n-A %510
Rk

FRUREA BB AP s e L

MED LNl OZ E&27-A e EAZ LT 205 B M, %%
2AHZEIZLET,

Werner Meyer (& 3C [Mey] O ¢ fiii EO IR D554 (signature) % 37 2-
YA 7 rD 1 DDOBARNRIE% Siegel €Y 2T —#E Sp(2g; Z) D LAV TH 2 T
F9, FRICT7 7 AN O, 2 0 & Z2E, IAROF5EITHEIC0IC b &
DI CORLTCWET,, SO &k, BERER O & p: M, — Sp(29;Z) IZ
YO [r] 2B ERLTMOREOY—FHERMLIE &, ZOMNEA g =120k
HTIEARRIC 2 B (BARIITIE R 43, 5) £ W) ZEnBHEVE T, T2ME 1 05
B2, Meyer & 812 —2%E AT signature cocycle % SL(2;Z) @ rational 1-cochain
OBFE LTERRTAIHALARD G2 TV ET (ZOFLOERIZOWTIE [A],
[KM], [S] &5 % BI5E T & v

F ZCHEAY 2 ORE IO FEROMAE Z SN FE T8, 22 TCEHERIZET T
WV O OHESE AA T AL T,

—J5 . M OGEIE (1) A, (@) Wi, @) 57 /7 O, s s
NEZEFMLNTHETH, HHIThbr b L 912 (1), () I3 L@ESsrH ) 9,
FEE NN EBEHOT WO I T 5 RS I E TIown{opEo T
WES (Bl E [G], K], [Mol], [W] S22 L TF 3w, FFic. MifiofEs 2 O

TWRESN T ARREBTAZ LX), TS AERIC OIS E Z E
Bhrl) T3, b )P LIEMICERRS & [ HE 2 O ERED T BT
Tt In L CEE A EH N — T AOpAEEPHERALIETHA L) T T
(Mo2])o Z D FikIL. Broughton ([B]) & & 2 Hi#% 2 o ihifii b4 BREAEH 043,
KO Gilman ([G]) OFERZ BTN ZETH D 50N F 7,
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HIER Q8 & BGIERF OO K

S S | 71131 ey TS o S

ARG Tl BB O RIS 2 3 E g & CICEERHRO 2 koo
BT V- FEOARTCITIHET B Uik & TR OIEE & OBEIZ DWW TiR<5
W) —~ i S 2Ly TOGEHT ¢ TFT, $T G & Emxe S
EoTy AN=%, LY EOR—HEbo 7 S Fo Y HOFMMHEERDOESG LD
BICiE, B2, SY ISR E oXiddn )/ 3 — (e @) B sEs I LT, &g
BAEDAAET B 2 LIS b DT TIRABERT ) I—dge G &% b S LD
BT SR O FEFH % HLC E(g) & RT T EI0T 6o v
C={(W,g): W ida 37} Bl 4 KLERAR OW = E(9)}
EBWT, ¢ RICkORMERRT VLA
(W,9) ~ (W', ) & g = g' % sign (W Upgg) (—W")) =
Z Z T sign 1 4 XTTHEHAKROTHEFR T € LTREHDORES T =C/ ~ LIZRK
DFE
(W,g)- (W', g') = (WEﬁ*W’, 99")
( 2L WEW E77 AN 8, ) diifie Ry ) 280 Tl 28 hid,
B 5 2 -
' G w(Wyg)=g

BEEOEFHERME 5.2 5, S5 )P LRSI A2 b ERLTEL,

Co = {(W,g): W ¢ C EEFAT I Lo X RotiEz b5 . 0W = E(g)}
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EBE, LEFURERFREZHAVCT, =C,) ~ £BL, BORFUAETT, LICH
WEFT Ao EET, WTHKIZT O o TW5,

Theorem. 1) 2D & & G D 2 DDOHLHEKICET 5 ROWHE

0 y L r 5 G y 1
[
0 Y/ » ', —— o @ » ]

DT %o
2) B =< Vil Y OMEADFDREWE S UMLK T, & HYG;Z) 2 Z DERK
WaeGrhe COEE e, THLIEK vy OF AT HERT ZLITT B4 5,

er = dep,
R A0,
i) 1) BREROREMELP S 2) OFIRICBIT B 7 ORI .
i) M E OISR ORBILFIC4 OFEHTHL b, TLICBIT S Z BoE
B4R B,
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