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1) ERRERFIF

Tangle sum and constructible spheres / M. Hachimori and K. Shimokawa, J. Knot
Theory Ramifications 13 (2004) 373-383.

Essential laminations and branched surfaces in the exteriors of links / M.
Brittenham, C. Hayashi, M. Hirasawa, T. Kobayashi and K. Shimokawa, Japan. J.
Math. 31 (2005) 25-96.

Foliations associated with Nambu-Jacobi structures / K, Mikami and T. Mizutani,
Tokyo Journal of Mathematics 28 (2005) 33-54.

Integrability of plane fields defined by 2-vector fields/ K. Mikami and T. Mizutani,
Internat. . Math. 16 (2005) 197-212.

Variational problems of normal curvature tensor and concircular scalar fields / K.
Sakamoto, Tohoku Math. J. 55 (2003) 207-254.

CR Einstein-Weyl structures / T. Ohkubo and K. Sakamoto, Tsukuba J. Math. 110
(2005) 309-361.

2) ELHOERE

Tt THIED Dehn surgery DWW DNDFEEIZDNT) HHEES THUOHEE
SRR DR &% 1) , 2003 £ 9 A, FHEKRZ.

Tt Tangle sum and constructible spheres] EERIFZEES TFirst KOOK
Seminar International for Knot Theory and Related Topics| , 2004 £ 7 A, KK E &
BEESZES.

Tt Culler-Shalen theory and A-polynomial| H#H&ES TAZHERYY—1
I+—] ,20044F 8 A, HEILFEKR?.



MABRBICIOXBLIEEIF—

YHHEREZMNT, AERFAREELI S —) OREZFO—HFITHL., K&, HEEOX
MEIToM. IR, MERFAEEI T —0O#BES M MVETTANT 7 MERITS,

PER1 5% (200 3EE) |

BEE . LHE #B—K @KBEREXN

T4 R o L XEMEERNT H 550K & R

HEF : 200345 H 8 HOR) % 3 Re~4 K 30 43

TTANIZ N ¢ J.Berge KX 1990 FtEIZ #5TNE @ Dehn surgery T L > XZER
EHEBHTHEBEEZERLELE. ZOHRDHIKEICONT, RS & Framed Link
DERNEERT D E, O, 1—27 YUy RERE, VR EEFENITEDDODH
LEBRNAATEET.

WEE . FE 2K EWmER

T4 R - BREMT I 72DV T HEHRTFRERAE) & OLEHT)

HEF : 200345 H 29 HOK) 1% 3 H~4 K 30 7

TITART TN EBREABO—RLELT, V570 3 RITEHRE DR EEIRDIAA
EVNDIBHDEEZET. EARTITICOEREMEOAHZNEFET S EIFRD ERA.
RBETIE, FTEREMEDIAARERED Y T 7 OEMMT 2T, FHIC, BERZEMEDA
BOEMAMAEEBEIZER LIEWEBNWET.

WEE . AR BAER BEXR

%4 ~JL : CR Einstein-Weyl #i& (kA& HRELGEKE) & ORI

HIE @ 20034 6 H 5 H(K) 4k 3 Fi~4 K 30 43

7TAKRZZ7 & :Einstein-Weyl #i&13, Einstein #1& OB EMADHR—L &&
Z6NFET HAEBITESRE, 2D Einstein-Weyl #iE%E CR ZiK L TEZFE L7277,

CR ZHRIKITIX, hyperdistribution EIZUNEHRICHEEENAD TR A, BEETIE,
Z @ hyperdistribution DOk HEEICEBIT % Einstein-Weyl #i5%, b&HEH5 CR
BEICHESDOTICERL, TOLIBRBEEROEHREOHBBFEL TENFEBEVET,

#iE#E : Yacoub Ould Mohamed Abderrahmane X (H A ZMIEHE SN EAERHFZES.
B E KT

51 k) : Kuiper-Kuo Theorerm

HEF @ 20034 6 A 19 HOR) 44 3 Fe~4 30 2



7 7AKZ%Z K~ i CO-sufficiency problem, which I state below in real analytic case, is
one of the fundamental problem in singularity theory. Consider a real analytic function
with Taylor expansion

f(x)=Hk(x)+..., (x in Rn, Hi homogeneous)

Find the smallest integer r such that all terms of degree >= r+1 can be omitted
without effecting the local topological picture of f.

This problem is answered by N. Kuiper and T.-C.Kuo independently at the end of
60's

Theorem. If |Grad f(x)| >=|x|(-1), x near 0, then f and Hk+....+Hr are
topologically equivalent.

I am going to talk about generalization of this theorem, which are described by

weighted Taylor expansion and Taylor expansion related with Newton filtration.

WEE - G BIBK GERIEKR

4 MV o FEEHRFR A L Divide

HEF : 200347 A 24 HOR) F#& 1 K 30 5 ~3 Ff 3 K 30 /90 ~5 I

YT ARSIk :Divide EZDU I RUNT 7 AN—HROEREZ EHIEERSDI
WF—HDOIIH N SEH LU LT

#EE . A BIBK GERIER

%4 Kl . Divide NSRRI ND 3RILEREKDIEF—T > T v 7 EIZDONT

HE: : 200347 A 30 HOK) 44 1K 30 /3 ~3 K 3 KF 30 /3 ~5 B

7T AKNZ 2 : Stein fillable 7% 3 RILEZHEAEDOANDOETEDOKERBICKHL, ThzE
binding KEHFDEA—T > T v UM RISHEIRTE S Z &% divide 2> TRLUET.

MEE . AH KEK BEXR

1 bJV : Acharacterization of non-integrable Pfaffian systems for contact systems
HEF @ 20034 10 A 2 HOK) % 3 f~4 K 30 473

TITARSZ b SEIO#EFEOEBME Darboux theorem = —#%{k 3% Z & T, Pfaffian
system OEZEMZH 5T v FERICEDIAALT., 525N system NiEfMHRH 20
WBIRMD FERXGRN S/ S5NS system ERFNICIEFALC ERABRED2DORBIIDNT,
ZRUEEREBNIZNERVWET,

BEE . BAR FPK GEEX
ARV BEEBEET TSI ARE
HEF : 2003 & 10 A 23 HOK) % 4 Fi~5 K 30 7



YIANI N HEOEMRERIIHEOREX 2R OMSEHELDT Y hE—EakE
LTERIND, EHERIT. 3RITEHAELE Heegaard HREZF D EBEICHBRTSZ
ER, BEFMCREEMOMANRTEH L - VEDOEY 271 EMICERT S Z
ERENS, PROP—EIHIREEESLST, MIENRELTOEETH S,
CORETIE, AR TIIEGREHOEANREREEZY — NI WICHEB T 2. BREMIZIZ.
BHRIFHORR®, EERHAHTHS ML UBOEEIIDOWTHNS, %BETIR, B
BHOKREAMEICEB L, XV FARBIIONTEHEET 2,

#iEE . Goulwen Fichou &

44 ~JI : Invariants for the blow-Nash equivalence

HIF : 2003 4F 10 A 30 HOK) F# 4 B~5 K 30 &

77 AKZ 27 : We present an application of motivic integration to the study of real
analytic function germs. Via the construction of the virtual Poincar¥'e polynomial of
arc-symmetric sets, we define zeta functions of a real analytic function germ. They are
invariants for the blow-Nash equivalence of Nash function germs. The key ingredient is
the motivic integration, a theory due to M. Kontsevich, and developped essentially by J.

Denef and F. Loeser.

#iE#E . Juergen Saal X (JL¥EER)
51 hJL : Hoo-calculus for the Stokes operator on Lq-spaces
HEF : 2003 4F 11 A 20 HOR) F4& 4 F¥~5 B 30 7

WEE . Al KEK BER

ZA4 RV o ZERERESFEAGROBRET IV

HEF : 20034 11 A 27 HOK) 1% 4 Kg~5 1 30 &

TTARNTT B

9, KBETHWNWS Darboux OFEEDIRA F % [Plaff ROBFAETILVA JIRh,R) LD
BEMRERDIEDOLEFTDEGEEERAZEHE] EMRLUET. §fE, ZOEH2
Jr(RhROICHE U2 fEREE A Z LD, SEEZOEEZEA LT, RATETIVN
RS HRERGRNSELSNS Plaff ROFEFITDODNTOREHE, Thnhs, ZOETFILZE
Pfaff ROARERE THEMITZBRICODNWTRE L ENEBNET.

WEA B0 AR GRETER

4RV 0 hERY—YERELTOT LY —%EHA
HEF : 2003 4 12 A 4 HOR) F1% 4 Bf~5 FF 30 2
TITANT T



HROHOREBOT LY ¥ —2ER, BB NEREY—YERERS I E0NH
KET. FITT VIV Y —ZEAEZY—FEAKEL THRTD2FENEZI S NI DU
TY. BlZT oA ATHEQELEZEZ D ZEBIEFEITASITINICE>TESNZHE
ZDOWTHIELET.



FERR1 64 (200 4EE) |

BEE B RERK GRRTEXR

4R 0 BEEERRNSBEND 3 RTEREOARER

HE; : 200445 A 20 HOK) F1% 4 BE~5 K 30 &

TITANT TN EBROMEDT SN 3 RITHEREIT, BB THIET S 3 KICEKE
D3 ENIKHELLTRINDZENDN>TVET. ZOZEMNS, DIKESTH D
HEE 3 RIEBHRED—DDORRAEERDZENTEET. ZOBETIE, TOERRE
HEEE->THONDEDR 3 RUEREROAREREBRTHIELEZZAET. b, 7K
WBICET 5 EARNZABNSHHRT DTETT

WEE . SR GHEK REX)

44 ~JV @ strongly n-trivial link {ZDWT

HEf : 200447 A 1 HOR) Fi& 4 B~5 ks 30 43

TITANTZ b iEE BUEEBLV3IRTEREOFREAEROMA & EEICBRT
5% D E LT strongly n-trivial link EWSEABD 7 I ANFEBINTWS,  strongly
n-trivial link O—RAREE ORI ELBESZIEND DL D THBH, FlATRER
KiZ 228 boundary link 12725 Z & 2RLUTWS, A#{E Tl strongly n-trivial link {2
DNWTHEZRICLDZU0EVDO I RT RO —EANWEMEEFHLICHEHRT 5,

#iH#E © Yacoub Ould Mohamed Abderrahmane (X (0 A2 RE AN EH AR BIFFTL A,
1 £ KIHTE)
44 ~JL : On the deformation with constant Milnor number and Newton polyhedro
HEF : 2004 7 A 22 HOK) 448 4 B~5 I 30 73
77 AKZ 2 & . Although p-constant families of isolated hypersurface singularities
have been studied for many years, the complete answers to the following questions are
still not known.

1. Is any p-constant deformation topologically trivial?

2. Is any p-constant deformation equimultiple?
Yet, under some additional assumptions, positive answer have been given. In particular,
the Le-Ramanujan theorem answers positively the first question for all dimension
except the families of isolated surface singularities. In my talk, I want to give a positive

answer for families non-degenerate in the sense of Kouchnirenko.

WEE ¢ TR —BK RREEXR
&4 bJV . Integral non-hyperbolike surgery



HEF : 20044 8 A 5 HOK) 1% 4 Rs~5 Ff 30 4>

7 7 AKZ%Z & :Itisconjectured that a hyperbolic knot admits at most ten exceptional
(= non-hyperbolic) surgeries. In this talk, we will review the results about this
conjecture, and report the recent result by the speaker which concerns integral

non-hyperbolike surgeries on hyperbolic knots in the 3-sphere.

WEE . HE BER (ERAZT7R)

A4 R ¢ RRML AR BLRRAE D EHES

HEF @ 200449 A 24 H(®) T 4 HK~58 30 &3

77 ANZZ7 & :First I would like to recall some basic facts from the theory on the
classical hypergeometric functions after Gauss and the generalized hypergeometric
functions after Pochhammer. It turns out that the period integrals for certain class of
affine complete intersections are expressed by means of the Pochhammer's
hypergeometric functions. This situation allows us to calculate concretely the
monodromy of the period integrals around singular loci. In particular cases, the calculus
of the monodromy representation can be applied to verify homological mirror symmetry
hypothesis. As an example, we see that the projective space and a complete intersection

proposed by Givental' are in mirror symmetric relation.

#iE#& . David Trotman [ (Mrseille, Universite' de Provence)

44 kJI : Normal cones of regular stratified sets

HEF : 200449 A 28 H(K) F#& 4 K~5 K 30 5

77AKZZ ~ : With P. Orro the author showed in 2002 that the normal cones of
generalised smooth Kuo-Verdier stratified sets possess good properties first obtained by
Hironaka for analytic Whitney stratifications. We describe an example of a definable
log-analytic Whitney stratified set without these properties, and recent related results

of Ferrarotti, Fortuna and Wilson about approximating a set by its normal cone.

WEE  KE BEETR (HEXR)

%4 NI : Whitney's umbrellas in stable perturbations of a map germ from (Rn, 0)—
(R2n-1, 0)

HEF © 20044 10 A 7 HOK) Fi& 4 B ~5 I 30 7>

7ITARZTZ b+ ¢ Let f: (Rn, 00— (Rp, 0) be a Coo map-germ. We are interested in
whether the number of modulo 2 of stable singular points of having codimension n that
appear near the origin in a generic perturbation of f is a topological invariant. In this

paper we concentrate on investigating the problem when p is 2n-1, where stable



singular points of codimension n are only Whitney's umbrellas, and give a positive

answer to the problem.

BEE AH KERK BER

%4 ~JV . Singularities of Truck-Trailers

HEF : 2004 4F 10 A 140K) F1% 4 F~5 I 30 43

TITARTZ K~ : EE r ® Goursat structure &V, r+2 K& EE{k £ rank 2 @
distribution T7Z % v FEIZE > T rank 21T DX 5 distribution DHEANFIAHH
RBHDZEHT. Goursat structure I[ZIZRELNDH D, r=7 L THHEVETHS. —FH
@+ HORLA T — %5282 T v I OEFHIBNT, ZHIHT S distribution
1d Goursat structure EF—fTELZENHSENTNWS. KFEETIE, Moy r-bLA
S—DEHICBNTEOXIMRENRRRITZSDONDPEEELGA, TI 5O
Montgomery-Zhitomirskii 2357z 734815 & OMHBEBEIREE KT 5.

WEE U EREGEOKLZTR)

54 Nl : Relations of formal diffeomorphisms (FF/ETH5EE (B K & DL FBFZE)
HIEF @ 2004 4 11 H 4 HOR) "F1& 4 B~5 §F 30 73

TTARTZ b 12 D0 diffeo WA WIZA[HIR 5 EE OMICEHB TR relation {372< &
b B, T, EWICIERH 2 DO diffeo ORFICIZE BT/ relation &H B 725 D)7
HBELTESEDLI D72 relation N? Z DORREN, 1991 ££1C R.V. Chacon & A.T. Fomenko
WE2TEEINLZY—HBROEARY MVBELTOTM I RBEORKEZFIETSZ
LIRELET. ZOBETIE, J—E2OELNEROMF(Campbell-Baker-Hausdorff
DORR, BIRTRWEMD HFERXOBDOER) N SR8, formal diffeo @ relation 12D
THLNEZVWS DPDOREREHITLIZNEBNET.

#HEE . Bl EERK BBER

Y4 K : Dirac ® T4 Fv 7 & Atiyah-Singer ® T4 T w7

A : 2004 4 11 A 25 HOR) 44 4 BR~5 BF 30 43

TTANS U b BR5—HEOBHABREMMERRBRICTERWT T v ZIERRITHRTE
FT 50 FIFEFH U TE =, ATIZEEN2IENT 4 T v VERZRREDE. FHA
BAE, BT ROFEHEEOHNTHEEAMN !

#IEE : Aris Daniilodis [ (Universitat Autonoma de Barcelona)

%4 ;)L : The Morse-Sard theorem for non-differentiable locally Lipschitz functions,
with applications to subgradient dynamical systems (joint work with J. Bolte and A.

Lewis)

HEF : 20044 12 A 2 HOR) F1& 4 B5~5 1 30 4



7 7AKZ 27 bk :In this talk, we use tools from nonsmooth analysis to study
nondifferentiable locally Lipschitz continuous functions. In particular, using the notion
of subdifferential, we extend the notion of "critical point” to the singular points of the
function and we formulate nonsmooth versions of the Morse-Sard theorem and the
Lojasiewicz gradient inequality, provided the graphs of functions are semialgebraic or
subanalytic sets. We illustrate explicitely the case of convex functions, for which the
convergence of maximal trajectories of the corresponding subgradient differential
inclusion follows. This fact yields an explicit estimation for the rate of convergence of

the steepest descent algorithm.

HEF : 200542 H 18 H()15 B &L D
BEEBIOY ML

15:10---16:00 FHFHELCERKEERS)

HIABT 5>« JARCRICHET Z2EBOREE
16:10---17:00 = E{KARERFKH K Z)

Foliations in pre-Poisson geometry



FER1 74 (200545 |

#iE%E . Carles Bivia-Ausina [X (Universitat Politecnica de Valencia)

%1 ’)L : Lojasiewicz exponents at infinity and Newton polyhedra

Bk : 20064E 4 A 7T HOR) 4% 4 Fi~5 I 30 43

77 AN k :Given a real polynomial map F : Rn—Rn we show a method to give a
lower bound for the ALojasiewicz exponent at infinity of F, denoted by L1(F), via
Newton polyhedra and a suitable non-degeneracy condition imposed on F. The
mentioned lower bound will be positive in some cases and it will reach the number L1(F)
for a signi cant class of polynomial maps. One of the motivations of our task is that the
condition L1(F) > 0 is equivalent to the properness of F, moreover by a result of
Hadamard, if F is a proper local diffeomorphism then F is a global diffeomorphism.
Then giving a positive lower bound for L1(F) forces the map F to be a diffeomorphism if
the Jacobian determinant is non-zero everywhere.

i#E#E : Nicolas Dutertre X (Universite de Provence)

44 ~JL . Curvature integrals of the real Milnor fibre

HEF : 20054 4 A 21 HOK) F# 4 K~5 Ff 30 43

HEE ARH BREK BERF)

4 RJL: Absolute total curvature for polyhedral 2-knots

HIEF : 200644 A 28 H OK) F24FR~5 K 30 &

77 AKZZ & : In Milnor's paper(l], he defined the total curvature for polygonal
closed curves in Rn, and proved it can be estimated by the bridge number.

Kuiper[2] defined the superbridge number and proved the total curvature can be

estimated by the superbridge number. These estimates are the following.

Theorem (Milnor, Kuiper)
Let K be a classical knot, b(K) the bridge number and s(K) the superbridge number.
Then 2nb(K) <k (K)=2ns(K).

We will define the absolute total curvature of polyhedral 2-knots, generalize the concept

of the bridge number and the superbridge number and give similar estimates.

A polyhedral 2-knot K is a 2-sphere embedded in R4 with a finite cell complex structure
such that any edges are line segments in R4, and that any faces are subsets of some

2-dimensional Euclidian subspace in R4,



The crookedness cr(K,u) of K is the number of connected components of critical points of
the orthogonal projection K—Ru where u is a unit vector of R4.

The minimal number of the crookedness and the maximal number of the crookedness of
K are respectively defined to be b(K)=minucr(K,u) and s(K)=maxucr(K,u), where u
ranges over all the unit vectors of R4.

Let ayi be angles between ei and ei+1 measured on Ki where ei and ei+1 are adjoint edges
incident to a vertex v of K.

The deficiency at v, denoted by dv, is define to be dv=2n-Xavi and the absolute total
curvature x(K) of K are defined to be x (K)=Xv|dv|.

Main Theorem
Let K be a polyhedral 2-knot with valency three at each vertex. Then 2ub(K)<x(K)<

2ns(K).

The following Corollary can be proved by using Scharlemann's theorem[3].

Corollary
Let K be a polyhedral 2-knot with valency three at each vertex. If K is nontrivial, k (K) is

grater than or equal to 12m.

To prove Main Theorem and Corollary, we will prove following Theorem A.

Throrem A

For any polyhedral 2-knot K with valency three at each vertex, the following equality
for the Lebesgue integral holds:

Js3er(K,w)dV=p(S3)x (K)/2ir, where dV is the volume form of S3 and p( + ) is the volume of
the subset of S3

References

[1] J. Milnor, On the total curvature of knots, Ann. of Math. 52 (1950), 248--260.

[2] N. H. Kuiper, A new knot invariant, Math. Ann. 278 (1987), 193--209.

[3] M. Scharlemann, Smooth spheres in R4 with four critical points are standard, Invent.
Math. 79 (1985), No.1, 125--141.
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HEF : 200545 F 12 HOK) Tt 4 Ke~5 K 30 4

TITANI N . HHBOECHBBIIHEOGGERN S MEE L T, ARRIMENICS
BIREWRETH S, BETE. B, 20QAUNERE 1 XT(DREOD—FICELTES
NEFRERZRNLEZW, £, ZEEZEEICLS. BHRERD () FEOY—EIZD
WTORREDBERIZDNWTHBRNS, FETIE, —MMNIC. BOEREAVT 1LRTOE)
FEOD—HNFRTESL ZEREDBBRNZN,

BEE ok BEK BEXRP

%1 ~)b : Dehn surgeries on tunnel number one links yielding the 3-sphere

HEF @ 200546 A 23 HOR) Fi 4 F~5 I 30 43

7TT7AKNZZ N . Gordon and Luecke showed that knots are determined by their
complements. So a non-trivial Dehn surgery on a non-trivial knot does not yield the
3-sphere. But the case of links is different. Berge constructed some examples of
2-component links with interesting properties.

By extending Berge's method, we construct infinitely many mutually distinct examples
of tunnel number one links, such that their components are non-trivial, that the
exteriors do not contain essential annuli and non-trivial Dehn surgeries on them yield

the 3-sphere.

HEE  AAR BER BHEKRS)

%4 K~ . CR Einstein-Weyl #i%& & canonical bundle D#FGIZT DN T

HiF @ 20054 7 A 14 HOK) P& 4 Fe~5 1 30 7

TTART 7~ ¢ BRI CR £4£{K13, hyperdistribution FIZ Levi form &IEIEN 2
INI—MEROBRLGEIBEZDLET. LE>T, I<M5 CR EFELORMIL
BHE D Riemann FENSRDHEBEZ L DEBERELOKM M HINTHASNTE
TWET., HBEMT, 25 TH2LII1Z, CREMIBNTSH, Leviform OBEIRITAE
THEIHNREMETHILENABRRBROTYT. ZOLIBHKRD 1 DTH5 CR
Einstein-Weyl &I DWT, BEFIGERELZEZ, LT 1 DOBEREEELEO
T, FNEBFELET. ZO#RIZIE, CR Z4k{E LD canonical bundle D#EFEHEL B
BRLUTBD, 20T EMS, BRKEVNFZNSDONEELEDT, TNHEDTRELE
WERWNET.

HBEE  FH FEER GEERD)

F4 ML ERERBICRIT 5 ERHDLREOEMET >V IVICBET A5 HRE

HEF @ 20054 12 A 1 HOR) Fi& 4 F~5 K 30 4

TTANT T b BRERENSEREREIANDO Kaehler immersion Z2£H$ 5 & T,



HEIN 2 RIVIZRT % Yang-Mills B DA MEEEZ L, Euler-Lagrange H#X %25 2
%. ¥1Z, Euler-Lagrange FREAZ WAL TEBHEZERNO I O ND M ERBME,
HHEBYH & complex hyperquadric TR Z & 2R7.

W, ANAO#EEZ 12 A 19~21 HIZH\ERETITAODNLMERS TH#H SdhmoIELR
BURAT) ITRWTS, BRI BTETY.

HEE M BEK GLERP)

&4 RV MABEYS R OB ESERGHEICDOWT ERAERE, BNHER & DL FH
7%)

HEE @ 20054 12 A 15 HOK) % 4 R~5 K 30 &

TTARNS 7~ ¢ KBETIE. RSB 28BN 2 REBBTRFEEEZRNT
FARDY TO—FIZDNWTRELZW, DI, RXAKREOD—REDRBEZLKEL
TEEINZ. BErIEB oM mNitHICHWwWS NS, ZOHEBOMHE BT, KRN
FEERBESRAROREEER EOBRICBER LN,

HEE @ 2006 42 A 7 H(K) F#& 4 F~5 K 30 720

WEE AR BREK (BEKRP)

&4 B~ : Classification of alternating links with tunnel number one

77 AKS2 k : Alternating links and tunnel number one links have studied for a
long time. The classification of unknotting tunnels for 2-bridge link is done by
Adams-Raid and Kuhn, and for 2-bridge knot is done by Kobayashi.

In this talk, we will gave a classification of tunnel number one alternating links and
their unknotting tunnels. This is an extension for the link case of a Lackenby's theorem.
We extend Lackenby's argumets to prove our theorem. Main ideas used here are
theories about normal surfaces, Heegaard splittings and Menasco's technique.

HEE AR BER BERP

&4 kJL: On hyperbolic knots with two small Seifert fibered Dehn surgeries

77 ARZ27 b~ . We construct infinitely many examples of tunnel number one
hyperbolic knots which have two successive integral slopes of small Seifert fibered Dehn

surgeries.
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=IED DEHN SURGERY DWW DHDEEICDOWNT

IR

1. INTRODUCTION

O T, Bal® Dehn surgery DWW K DODEEERED H AT, N LIz ES,
SHOAFIT, RESDTFBE DT, —D®M. hyperbolic knot D exceptional surgery
OFREAHFICBIL TOERE (§2) T, &9 —DA link D Dehn surgery IZ DU T Dy (§3)
THs,

2. EXCEPTIONAL SURGERY AND BOUNDARY SLOPES

ZDHFTIX. hyperbolic knot @ exceptional surgery ICDWT, % DX 3 ICEY
15 ERHRDMTEVS MEICH LT, SPOHRF/ICDONTDO—DDT Tua—F %
N9 5, (CTTREHDRZD, SBELELTHELEZLTWSD, 1EEA LI homotopy S° T
Hsh7x\, ) £9°. Dehn surgery DEFHK L L DHEAZT %,

K% S3Dknot & L, E(K) = S5*~intN(K) TZ®D exterior #&K T &9 %, \E. prim-
itive class v € H1(0E(K);Z) 2% (DF D, MOTTOBELETHIFRNVED), m. L%
K ® meridian & longitude & U, v am+bl EREINTVBE LTS, TDEE, yIicH
Lr=2cQuU{s}ZREEERLEEX. TNZ slope LFET LICT S, knot K &
slope r MGA56ND &, K(r) = E(K)Uyz@prx(sp (D* x SH IZE D, # LU 3-manifold
MEZDT KD, TDENER Dehn surgery & 5 5o link DA EIAMRICEZ ST
EMHZRS, 7272 L. link DEHICTIE, slope DZED DIT slope row & FEIEIN S slope D
ZWBRLENDH S, TOETIE, hyperbolic knot @ Dehn surgery ICDWTHE Z %,
Definition 2.1. K % S3 @ hyperbolic knot (DX D S — K IZ5E 047 BRAAFE R th A 3
AB) T %L E, K(r)H non-hyperbolic £75% & &, T ® Dehn surgery % ezceptional
surgery £, r 7% exceptional slope L9,

hyperbolic knot @ Dehn surgery iICBA LU TlZ, 9. XDMRNH 3,

Theorem 2.2 (Thurston). 7% hyperbolic knot \ZXF L. exceptional slopes DEUIHRT
BHb
Problem 2.3. hyperbolic knot D exceptional surgery 2T F &K,
EIRBDITTEN, TEDORRICKET T 50 SMBICE>TRS, ZORMEIRE, TEDK
9 7% hyperbolic knot B, £D X 5 7% type D exceptional surgery 2O ], FL T, &
AJ7% slope Y exceptional slope £ &% 1, L9 (FHEICBIfR L 72) 2 DO &K 505,
TZTR, BEREZ, THUCBEAL TO—DDELETTS, exceptional surgery DR
}id. Kirby OIS [20] D Problem 1.77, [3]. [13]. [14]. [24] Fx EAFEL LY,
ZORICDONT, RDOMEZHEZ THB,
Question 2.4. small hyperbolic knot O exceptional slopeld. ZEERR LT, 3 2DD
separating essential surface D boundary slope DRI DM B ?

This research is partially supported by the Japan Society for the Promotion of Science, Grant-in-Aid
for Scientific Research (C)(2) 15540061.



7272 L. exceptional slope A’ boundary slope D& IE, I L TW0B EEZ BT
EICT B, FD exterior ICHIFICT AT T/U incompressible closed surface Z#§/z7zu &
X, knot & small &5 9. 7. E(K) D essential surface T. ZDEIFDFELITD slope

N EIRBEDMMEET B L E, r 2 K D boundary slope £ knot D boundary slope
DFtFEIC DN T, 190 [18]. [10) EWH 5.

2.1. Examples. Question 2.4 D& Z M Yes TR WHD, &: W T & DIRFAE R 24T T
H B (L?f)‘ L. BEEDE T A, B2 Yes TH B LS T L OHERHEHLIZ IRV, No &
&% & 9 7% knot @ff—@—f%‘lﬁﬁgb‘k% DABILZHRLTEL, )

DUTFDOZETIE. tor % toroidal slope (K (r) < essential torus & 9 ). cyc % cyclic slope
(m1 (K (r)) DMIRRIEEE ). fin 7 finite slope (m; (K (1)) WARRAF TR TR0, Seifert
75_’ Seifert slope (F7zl&. Seifert fibering slope, Seifert fibered slope, & T Tl&. m (K (r))

IMEFRAET. K (r) B Seifert fibered space DMBEZRFFD LT %, FDEIE, S? LD Seifert
fibered space T exceptional fiber D' 3ARDED E 755, ). bdry % boundary slope &9 3,

pretzel knot & twist knot ZHNCHD . EEL TH B, ([25, Section 4] B, )

9. (—2,3,7) pretzel knot IDWVWTIX, KE1H5,

slopes | 16 | 17| 18 | ¥ | 19 | 20

types | tor | fin | cyc | tor | cyc | tor
TABLE 1. Exceptional slopes and boundary slopes of the (—2,3,7) pretzel
knot

fetzl. TTT. K(18) = L(18,5) TH V. K(19) = L(19,7) TH %, E5HIC, slope 0
I3 non-strict boundary slope (i.e. fibration @ fiber @ boundry slope) T& V. separating
surface @D boundary slope TI&7%&U ([20, Problem 1.77] &, ) 7z, K A" hyperbolic
&£ D. toroidal slope lZ. boundary slope TH %,

EHIT, (—2,3,9) pretzel knot I DWW,

slopes| 16 [22] & [23]| 24

types | bdry i fin ‘ bdry | fin { bdry
TABLE 2. Exceptional slopes and boundary slopes of the (-2, 3,9) pretzel
knot

7z, (-2,3,n) pretzel knot (n # 1,3,5,7,9) IC DV TIE, Seifert slope DAL %,

slopes ’ 16 ——5

types | bdry | Seifert | Seifert | bdry | bdry
TABLE 3. Exceptional slopes and boundary slopes of the (-2, 3,n) pretzel
knot (n > 11)

slopes | g(—ﬁ-nﬁ ‘ 2n+14 l 2n +95 ‘ 2n+6‘ 10

types | bdry | Seifert | Seifert | bdry |bdry
TABLE 4. Exceptional slopes and boundary slopes of the (—2,3,n) pretzel
knot (n < 0)

RIT, twist knot K, (n # 0, )ITDNWTHTH %,



slopes | —(4n+2)| -4 | =3 | =2 | -1 | 0
types | bdry | bdry | Seifert | Seifert | Seifert | bdry
TABLE 5. Exceptional slopes and boundary slopes of K,, {n > 2)

slopes| =4 | =3 | =2 | =1 | 0 |-4n
types | bdry | Seifert | Seifert | Seifert | bdry | bdry
TABLE 6. Exceptional slopes and boundary slopes of K,, (n < —1)

QL CD

2n crossings

FiGURE 1. The twist knot K.

EEIDITT. TNEDHNTDVTIE Question 2.4 DEZ X Yes TH %, Question 2.4
D—RRAVZIFFIE R IZHS N TUVEL,

2.2. Known results. I, slope D type ZHE Lz &, ED&L S RHipICINE %
WeZZTHB.
Theorem 2.5 (Dunfield[9]). K %2 small hyperbolic knot & U, r % cyclic slope £ 9 %, T
DL E, FXE (r— 1,7+ 1) C RIC separating surface D boundary slopeH D,

COEMEEVVEAZ L. RDK SIS,
Corollary 2.6 (Dunfield). K % small hyperbolic knot & L. r % cyclic slope £ 3 %, s
& sy % separating essential suface D boundary slope DI 5B, Q L Tw/NERKDEDE
T2, TOLE, s1—1<r<s;+1Ths,

Z D Corollary tZ, Ih Mattman IC K DE TN TN 3,
Theorem 2.7 (Mattman(29]). K 7% S3 D small hyperbolic knot & L. r % cyclic slope &
T B, 51 & 8y % separating essential suface D boundary slope D> B, Q FTHE/NEEKR
DLDET D, CDOLE, s1—3<r<s,+1ThHb,

AEBHIX, Culler-Shalen norm(#3) @ fundamental polygon D#JFRAHIE LI K B,

ZRIC, finite slope IC DWW T,
Theorem 2.8 (Ishikawa-Mattman-Shimokawa[25]). K % 5% D small hyperbolic knot &
L. 7 7% finite slope £ %, s, & sy & separating essential suface D boundary slope D 9
B, QL THRNEERKDEDET D, TDEE, 51-3<1r<s5+3Tdh2,

Z T TIEHEAL . trace function(ih) & MHIN S BIEID. ideal point(B) TDMDLK
BOatHEZHW,

& T. hyperbolic knot M exceptional surgery DT, TN DEELEE, &
T 2DRIFFTHL,
Conjecture 2.9 (Gordon[20]). K 72 S @ hyperbolic knot & L. %% exceptional slope &
T5, COLE, b <2T. |b] =2D&EF toroidal,



Conjecture 2.10 (Goda-Teragaito[12]). K % 5% @ hyperbolic knot & L. K(r) 7 lens
space CHBH LT 5%, TDELE, KIF fibered knot T, 2g(K) +8 < |r| < 4¢9(K) — Lo

3. DEHN SURGERY ON LINKS

Z T T3 link @ Dehn surgery IZDWT, WL DO DRJEZEIT 5, Filic, TTTERX
DIDOMHEEEZ B,

(1) Boundary slopes of links (Dehn surgeries yielding essential surfaces)
(2) Dehn surgery on links in S? yielding S®
(3) Exceptional surgery on hyperbolic links

3.1. Boundary slopes of links. C Z Tld. link @ boundary slope rows I DN THEL
T %, link DA Ci\ essential surface ICXf L. 25 0F(K) D7 C slope BWEX 5. T
NZANFeE D%, T T Tld Zhang[38] DHE%Z FHWT boundary slope row & &5 T &I
9 3, link D boundary slope row I DWW T, Hatcher DLL FDRSERDH %,

Theorem 3.1 (Hatcher[17]). link @ boundary slope rows D7x§ Z4RIDRITIX. link D
component DK D D7z,

knot Z—"DIAET B &, F D boundary slope DEUIH BRI TH - 7zH, link DEFIC
3. MR T < 3u[aeEN D 5,

link @ boundary slope rows {Z DU T & Floyd-Hatcher[11] A 2-bridge link @ boundary
slope rows DX G ZEMDREZ LT %, FTz. Zhang[38] I boundary slope rows icin>
7z Dehn surgery D52 LT 5%,

3.1.1. Culler-Shalen¥#af. T T TlX. Culler-Shalen ¥gmZHW 5 &, W< DD link D
boundary slope DEtHATA % T L Z2#/19 %, Culler-Shalen HigiIE. [8]. [7]. [34] &2
ST,

SEEMENT S, TOHETIE, M % 3-manifold £ 9%, m (M) RABRERHETHZ L
L. D SLy(C) \DERUERDZ g2 %Z R(M) £ <. DED. R(M) = Hom(m (M),
SLy(C)) = {p: m(M) — SLy(C)} THH. N2 representation variety £ D, KTz,
SLy(C) NDOREDIFGELERDZER X (M) = {x, : m (M) — C} % character variety &\
9, Culler-Shalen[8]1Z & V. character variety [ZPAREBVEG TH S LA RENT VS,

yem(MIIKRHL, L : X(M) - CZ. x, — L(x,) =trace(p(y)) TEFHZL. trace
function 19, X (M) NIC (#BR) fhit Xo ZHL S, (c_’hci BT E LTH-TE
B, 2 X7t DB R ORBIT RS TE RV, ) BIZE. M B hyperbolic
knot exterior DFEFICIE. Thurston i< ck V. discrete faithful representatlon DFis] S0y
CERIGRE, #iRRE 25, ([T 8. ) Xo oL, B REHEMEIR T, X &X
FEHEIARE DR Xo £ 3%, M D ideal point £13. Xo DL T, Xo MHEKTWVEVE
DET B, (DED, ideal point EHADZERZ I THL T &2 H L, (KHHEICELS &)
IT=X,—Xot%%, )

Theorem 3.2 (Culler-Shalen[8]). M D ideal pointh 5. M D essential separating sur-
face ZRWE T & %,

Wi, essential surface &, ideal point MHMKTE A DA 5?7 ZHICEL T,
;jzo)ﬁ:ﬁ(/\h\‘% %o
Question 3.3 (Cooper-Long][6], Schanuel-Zhang(33]). hyperbolic knot D exterior O essen-

tial separating surface D boundary slopeld. ideal point D SHERKE NS essential separating
surface DE DM ?



ZORPNMCBEI LTI, “hyperbolic knot @ exterior” W& KHTH B, FNLL
AT DN TIE. Motegi[32] 1IC & D graph manifold @ essential torus, Boyer-Zhang[4] iC &
Y hyperbolic 3-manifold N closed surface. Schanuel-Zhang[33] 1< & D BEIFRAH torus D
irreducible 3-manifold @ essential surface D boundary slope T. Z#Z41ideal point H 5
HONTVEDIMAET BT LARENTVS

Z T TIEHWIEWAY, Culler-Shalen norm @ma%ﬁ’(% o TTTIFOMIF torus &9
%o T\ v e m(OM) = Hi(OM;Z) iU, GIg f, =12—4 - XO — CP'%#EZ%, TD
& &, v Culler-Shalen norm ||-|| %, v € Hi(OM; Z)IZX U, ||v]| =degfy = 3,7 Dul(fy)
TERL. TN2 H(OM;R) ICHIELT2E D, &£95, T T I(f,) &, ideal point
z TD f, DMDRKEE T %,

Theorem 3.4 (Culler-Shalen[7]). || - || & H1(OM;R) LD norm TH %,

cyclic slope *® finite slope IZ DWW T, FD norm AVHhE LK% 3B, W5 T & E2HANWT,
ZNHICDVTOHANENTNS,

3.1.2. Whitehead link @ boundary slope row lZDUWT. link DIFEFITDNVTE . Culler-
Shalen D Fi% T Whitehead link @ boundary slope row B atBE I N TV 3%, Whitehead
link i 2-bridge link Td % DT, Floyd-Hatcher[11] DF57£ T, boundary slope row % &t
WD LKL, GIHEERE. (23] 228, ) LT ORI, Culler-Shalen #iGG (%
kL7722 D) ZHWTEHEBET R L, ZNE—HT S, LW1HEDTH3B,

1ok

€

FIGURE 2. Whitehead link

Theorem 3.5 (Lash[23]). Whitehead link D% T D boundary slope rowlZ. link group @
SLy(C) NDXRHDBIEM SRR T E %,
Theorem 3.6 (Kishi[21]). Whitehead link D4 T D boundary slope rowld. ideal tetrahedra
decomposition T 5. Z 51Tz hyperbolic structure DB SREK T & 5,

link DA, X (M)(*. hyperbolic D55 D discrete faithful representation DIEAEA
U NT) ORI 1 TRIZND T, “ideal point” & 2 EHHL 5%, FD
fzbic, BIZIE, S X0l ER > T 3T &, D ideal point 124K 5 T I tree ™\
DVERZRR T 25D TRPBREICTZ > THRS,

i, Lash OFiElE. Cooper[5] I &k 3 FHED ARG TH D, Kishi ic & 25 1E,
knot DY;E D Yoshida[37] IC & B FiE%. link DYEICHER LR LI D TH 5,

3.2. Dehn surgery on links in S® yielding S3. S3 @ non-trivial knot ¢ non-trivial

Dehn surgery Tld S® Z2{E% T L IdHK W T &A%, Gordon-Luecke IC K> TRENT

W5,

Theorem 3.7 (The knot complement theorem by Gordon-Luecke[16]). K %Z S3 D non-

trivial knot £ 9%, TDEE, K(r) =SB LT3, r=¢ (trivial surgery) TH %o
LA U link IZDW T, non-trivial surgery T S ichi> TR ZENDH S, X->TF

NEREMNT X, L5300 MEE XS,



3.2.1. Examples. B1Z2F %, £31X. “rivial” D 5,
Example 3.8 (twist type). Figure §0) 2-component link% L = K, UK, £ 3%, TzI2
L. Ky & trivial knot component £ 3 %, K, T slope BL. K3 T slope & T Dehn surgery
LTS5 N5 3-manifold 7z L(%,22) EELTLICTDB, TDEE, pec ZIIHLT,
L(3, %) > S3rxB,

ThUE. K IKih> T, £7 slope 5+ D Dehn surgery 2§ 5 L. Ki(F) = S*THDH,
EHIC. Ky D Dehn sugerylZ K BB Ki(=2) ICBWT trivial knot L2205 TH B,

FI1GURE 3. Trivial type

Example 3.9 (Berge[2]). Figure 4 O 2-component link’z L =K, UK, £3 %, fzIZL,
Kl 4. Kold 940 893, TDEZE, LI hyperbolic link TH D, K, & Ky l& hyperbolic
knot T s, TTT. L(L,H =L, 2) = L(},3) =53

FIGURE 4. Example of Berge

F 7z, Teragaito[35] I & D KDFEM 22T HIMEAMICEFTENTOND, (TTT
BEHEIIEET B, ) “L =K, U---UK, C S®d non-split link T, & component K, &
hyperbolic knot THH, EHIZ, t(L)=n—1TdHb, TDLE, B r, -, r, DT
U L(ry, - 1) =S¥ F/z, Kawauchi IZ &% imitation theory IC KD, ZD X S 7 H
MR ENST EHNHSENTVS,

3.2.2. Some characterizations and restrictions. T T Tld. WX DHDLZAICDNTEE
NTO BRI ZHIT S %,

Theorem 3.10 (Ochiai[26)). L C S® % non-trivial 2-bridge link £ 5 %0 H8r & rp i
WU, L(ry,re) 2 S &9 58, L& (2,2p)-torus link TH 3.

Theorem 3.11 (Mangum-Stanford[27]). L = K; U K,, C S® % HTB link (homologically
trivial "D Brunnian) &L, H2r; = Bi=1--,n ¢#0) WUy Lry, - 1) 253
9 B&., Lidtrivial link T %,



Theorem 3.12 (Matsuda-Ozawa-Shimokawa[30]). L = K; U Ky C 8% % non-simple 2-
component link (i.e. E(K) I essential torus® D) £ 9%, T C E(L) 7% essential torus
&L\ E(L) = M1 UT Mg, Kz C Mi, [Kz] = 0in Hl(MZ,Z) &'5‘%)0 %% r, = z—: (Z =
1,2, ¢ #0) IS U, L(r,m) 2 S* 3 5E, Lidtwist type TH 5,

KA, Figure 313 T DEMDIGE =Tz LT 5,

XK. slopelc DL HIFRBICDWNT,
Theorem 3.13 (Gordon[15]). L C S® % n-component link & L. £% component iZ non-
trivial knot T. & BIZH& 2-component sublink & coaxial (B3 component HMHD com-
ponent O tubular neighborhood DEIFIT non-meridional IS ) £ T3, TDEE,
L(ry, -+ ,rn) 2 83 &7 5 slope (11, -+ ,m) DEUL. n!l(38)" 1 LI,
Theorem 3.14 (Mayrand[31]). L = K; U K, C S* % 2-component generic link (i.e.
Ki & non-trivial Ty E(L) I 2 DDEIRZRES essential annulus & Lo ) &L, 1y = &
(t=1,2, ¢ # 0)ICHU L(r1,me) = S* £ 5, EHIT, surgery D core & L(ry,m3) T
generic EARET B, TDEE, i=1FE 2L, Alry, ) < w(lgf—”@ (TTT pg
& K; D meridian)

3.3. Exceptional surgery on hyperbolic links. T C Tid, hyperbolic link @ excep-
tional surgery DRHET T Z2# X %,
Theorem 3.15 (Thurston’s hyperbolic surgery theorem, See Theorem E.5.1 in [1]). L 7%
closed orientable 3-manifold D hyperbolic link &3 %, TDE&E, L D component | H}
U. HRMD r, Z2BR< & L(ry, - -+, ) & hyperbolics

Ko T, RiFOREIZ, ZORNDESORETIT 7% %, link DIFAICIE. T ORHY
I ZNUE EAEA TRV, Martelli-Petronio[28] i, 3-component 7» 575 % chain link
(Figure 5 ICDWTER A EZ 52 T3, ZDFE LT, Whitehead link D exceptional
surgery DFETIF £185N 5,

S

FIGURE 5. 3-component chain link

F7z. Lackenby I&. alternating link I DWW T DRDE R AT TN,
Theorem 3.16 (Lackenby[22]). S® @ link L 5. connected prime alternating diagram D
ZRDET B, TDELE, |g] > t(TS,D—) (F=1-,n)IKL, L&, - 22) I3, irreducible
DD atoroidal TH D, Seifert fibered space DG & 4123, mi(L(B, - 2m)) 1 infinite
word hyperbolic group TH B,

CTTHK,D)iE. DI OLetBENEHEA88TH %,

F 7z, Thurston (X, S% D hyperbolic link D Dehn surgery 2753 1L, 3-manifold &
hEMAT B LIEDTLERLTVS,

Theorem 3.17 (Thurston, See Theorem E.7.10in [1]). 2D closed orientable 3-manifold
&, S D hyperbolic link D Dehn surgery Ti#5MN %,



T T . imitation theory ZJH\ % &, Z O link %Z%% sublink & hyperbolic &> 9 Z&4
ZRHFTHINSZ LR, BERICK> THMLTIEHW, Ko T. % non-hyperbolic 3-
manifold Y, ZD X 9 7% link D surgery TE DLIAFENE D &R DB T & 13, BBRZEVR
MTHB, £, EOEHIE, 3-manifold D734EZ1T S 28I, hyperbolic structure D
B EOBFZFHNNERN, £S5 TLEE>TV%,
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