S\AbSY‘WPS D(— ’\‘\/\6 MQFPW\ﬂ class
gr0u.p and \mg\ncr—order

5'\3naJrV\re Cotycles
S\rxe\l\( Ho\\rvcy (Rice w\‘\wwi%\

\‘\0\\'\*‘ with Tim (o Caran (Rice U(h'\ucrsi%:)}
+  Peter Horn (Rice (Ar\'\\/crsHﬂ)



Goalt For certain subgroups J(H)

ot the mapping class group ok o
surtaw, define
* quasi- homomorphism s
0T — R
o d-cocycles

0y S xTH) — R



When TH)=Torells smbgmu@

ond ¥iH(2)— Ul we will show
Hhat {Qﬂ has  infinide vank



et 2= Zﬂ'\ be « LoMPAUT, oriented
surface with 1 boundary omponent.

F Tree OO gewcrﬁeo\ ‘ou\\{x 203
= M (2, %,),

::{'ooPS in 2 based ab XDS/MMOHP\{




QQ&"TL\Q W\quinq claoo Jrowp 0 g ) Moo{(i\) 1S
the roup of Lotopy classes of rientation

DIES e ving homeomorphisms of 2 Hhat £ix
’H'\e \DO\Av\davv, O% Z Poirﬁ‘vv'tsc

roMJré

&'or i3 c\OSeo\ \D 2“/5_
SurFa(,o. R J

H‘jpcre\\\{ﬂ[cc
involution




Mod(S) 1¢ related o 3-manifolds
et §:9—9.

lo Lt W be a Hhidkened graph oo

Glue U, 4o WU, A
ing yrall —U, <
RS w

Get o Hee gaard decomposiRon o+ M=U, U U,



d. MSZ Z‘X:/(le)v(ﬁ(xxo)

@é\ glue bop £

£ bottom b(@

- %U “C

Mg_ \S Q& X{\ocr \oumcl\e ovev S\ wi+th
gi\oer 2.




Dehn er'islrs
leY A be & Sce. on 2. Lek A=nbhd of X

I E)
\ &
\ oy §

Define Do('i—ﬁ_‘ ‘og 0 D°(’2-A: Te!

o D"(‘A>










Theorem (Dehn 1939) Mod(5) s ﬂenﬁraﬂred
btj S"W\htdy Mmany Deln Twists.

|erer=)

’ﬂ"QO”WL ( MeCool J Hatcher-Thurston | De\ing Mmmncor‘d\’
For any surfoce Mod(Z) s S}Rnilre\tj
P\reseﬂ'ed.

v Hatdner-Thurston Yound gn a\gor‘\%m o
nskrude a presudtodion. Harer produced
e Frst explicit preswmtation,




Lok $eMod(2) = §|_=id 5o by
d/\oosiv\g a \)asepo(m’r Ko€ 22

g)ﬁ"ﬂ\(z,hy —T (2 %) is an ‘Uvmo@hism.

Theorem (Den-Nielsen-Baer)

T Mod(Z) > Aud(m (s, %)= Aut(F)
(fi5o5 ) > (5,0 T - T(®)
1S Q& monOmor?h‘\sm Heme. S;Z-‘j

S 94 |




T Mod(Z) = Aud (s, %)= Aut (F)
A > £

C,O\V\ Q\)PPOX(MQ'\'Q -E- \Qj SCV\O\ 'S: — 51
where F/'_ —aF/F Yor 3 F3

Q ()v\amdrevsh(, series that approx\modu F.”

TK : Mod( g > > AVd’( F/FK>
§ g




EXQVV\P\e" T’;: [FJ F)
= Sl/tbjp jC’I/I Ej aba_%-, wWhere
abeF

Q_Qi‘f /llxe Torf,\\”\ ﬂm‘ﬁ% D‘; 2. )rl'(ﬁ I er

Sw\ogrwp of Mod(s) (OV\S\SJ(/\V\j 0k di 5 oo
Mok nduceo Hhe ‘\deerHy oW H‘(2>: F/Fz.

T(8) = ker (T, Mod(3)— Auk(,(2)))



m (Powe,ll,BWmahJ\\/oL\mony I(i> jenem’reo\ {043,

Dehn twists m boundimg pairs of (wrves,

...I _
0 A
DO‘DG' ro(,B o\ix')bimL
< homv(ojeu!
, curvyes

B L

/M(_j.lﬂ/\'/\.ﬂ)\/\)t :L(Z) '\S S;—\H'("'G,(lg ﬂe(/\g(f‘&{'eo( 'FDV‘
(3‘23.

T_‘/ﬂ\ [(Mess): T(5) 15 an imcinijrdg ge_r\eer(_A
Tree droup when 9= 9.



We wish 1o wveshgate the
\I\OWIO\O{\\O an & (,OL\DVVID(OfM

D&;’ CQV+Q\'V\ specio\\ va\ogrowps
Oj;‘ j:(i) \AS'Inj ?~'\h\/‘ar\am+5 Ea

> ond Y- dimensional wanifolds.



M; | o ¥ Gl he froup. Then Hne

lower- central sevies of Q ¢ defned

hS m r
Ch [6,6]= wog\ugah o

o o l<a?>J Gy = [&JQ,A_

DCS' ﬂ/\e o qehewtl\zw\ J ohnson Su(ojjoup
or 2 )jK—J(i) b the sm\ogroo\P o Mod ($)

COV\S\SJ{\V\\@ o homeos that nduw
Hhe ‘\der\h%‘ oW F/\TK,




* Note Hut T, (2)= T(2).

Thm (Tohnson) J,(8)= subgroup gererated
b(j Deln tuisks on Sepamﬁmﬂ, Simple
closed curves on S,

T selmmﬁy MDLOD

_‘Jg(i)g denoted ?ij , 1S odten called +he
- Johnson subgroup

|




Question (Movita):

Is H,(7<ng>J the

abelavuzaj(\ot/\ og 7{7 ﬁnn’e/j
generated for g7 8 ¢ [thm 9= 2

I, ”X = jn #,mzfe/y 9¢h . free ij

M@f «S"H” (,U’]khb(/\)l/) I‘IE ?{7 (DV mort
ga/'emy J(i)*?@)}g :pin/'%('{y jf’n(’rcﬁ[m/

fr 423 ]



Con5+ruc+\0h og Thnvan ants )

et HAF-m (f) & Characterishc Swlojrou%
and J(H)= Smbgromp of Mod () (DHSU«HV\j s
homeos  of S Hmt induce the idan@ oh
FJW.

eq. He R, = T(H)E k™ Tohnson subgvoup.




Given $ETH) ~—> Chosdh 3-mbld Ne by,

. }/\{_ VVM{PPM hrrus

= Z‘)‘_L/(x D~ E60,0)
¢ XE 2
3’ K denhfed 4o

o N¢= Mg,/(ﬂ)t>"'(\/15) o point m Ny,




5 @ “f‘ng

Then 1,0 )=4%,, 0. %y, £ [EXE= F )Y
\I/kill (=T
TNE) =Ky o, X, | X2 06D D
but since $(X)= X, mid H =
MmN/ 2 Fly
Thwo, we bae G T,(N) —> P4,

T
independent of F




C\neeﬂer-éll‘omov Q—}V\VWL

10 }/\3 S a closedJ o entek 3-mE(d,
ond VT, M—T" = ountable 9p
Creegev- Gromov (%enemha‘nnﬂ Atiyah-
ijrook‘\—S\v\ﬂer) define A opolog it |
v aviant

(2)

Q (M, V:TM-T) e R



—

Def [0, (8)= 0™ (N | by m00) —> Fli e R,

the Uf\eegcr GV‘DW\D\/ Ll~(> WMVen ant
associated b (NQJLV&)\

Nok -—p s have been use recev&(y
m Ahe Sﬂtd\[ of 3-manifolds and

knot and link (oncordance (Cochran B, Leidy
K\'W\) Cha, OWFJ Te'\dAV\e_rJ Y. Homj P. Heck)



Lemma FOr each (MB,LV) there existr (\,\]L'J ¢)

st faw =1, M 1
| l
TYI\I\/— ¢ > A

Thm <l?amac\/\ andran )

Q(Z)(MJ F) = LI’ 5~|3|/\0\'\'(AV1 ()-Q A—eq(ki\/&r{m/\]‘j
intersechon orm on K (W, 24)

— (S'\(Anajmw ok N>' R



Db Given w: Fly—>Uln), we define
\Qﬁu—):: 0[N, T —>Fla5 Ul) €R

the AaLi\/O\\zr- PanD(A'\-—S\'nﬂ(r(Apg) p- Myt

M(MQ " ,\;i ¢imNy ——UMn)  exteads fo
P: TW—UW)  Hhen

Q‘_\(S\:>- Slﬁn(\m hSlgh(\l\” A
signatuce of Yinife >

Hermitian matnx over €

fwisted st gv\o&w& (




wWheve w. €C wilh |wil=1 .
\l\[\ﬂﬂv\ U\)-':U\)) dﬁj%'\l'\é’_ ?‘*’QS‘:):Q(NMWW*_% (,L(D)

We wll show that Qwul\ (5 o4en non-trvial.



N ote g% JH)—R 1< &

N gl

tuaction, Tn some wges, i+

0. nomomorphisi. However, i geneval,

¢ \ { ' n
\'\' \/( \)V\S)\' /N d\lAQ.S\-\/\O'V\OWIOV’P\/\LSM/,I



_D_QS" A Sunction Y G—R is akd
qwasi—homommfph?fm it 3 onstant Dle)

1—

suth that ¥ X,ye 6,
[€(xy) - ¢ x) - (y) | £ D ().

Q H(Gl): zquasi—lnomomorphisms il G%owndfd

Lunchons

Note: There (S AN exdatt  Sequence

D= 1 (6;R— QH(6) 1 (65R) ~ Hi R)



PFDEDJH‘\\GY\ (CO()’\PW/\‘H"HOM)le’\Q quque\p P.. i(,, V"'f
q‘ * -
()ﬂ ave ((V\QS\’\’WVWUVV\DWF\’HSMJ,




Tdeo of ProoF(P: Mo 7(44Ji—1’16m0mol‘]z>hifm)f

For Jz'mplic/#% aolume f i closed.

Then for £h e TH , wn onstrud
Y-mEd Wy loy 4lue /‘/ljaXI fo M xL
along (2 (o, 1) xEd ¢ Myxt & M x1

—EN Ma% L}’ Mg ~~y
- F _|
W&L\ Y, : 1t M{;7 /

'szX(o,‘/z)xﬁ} | ¢y 01T M, /

Can show JJ,L{/L e X tends W((W&k ) — F/n




One can Show Ahhat

> (- ool
<9 genas (5)= D(j)

[D(@ i5 mdependent ok § and L\.}



For kz1 (onsider
(3;) (Ng, T ——u0)
Q Q 3) >(.+ = @ fuik

W2
W3

Theorum (Codnran-t - Hom) { PWK?S::, <

o\ \ihew\tﬂ \‘v\depev\demlr subsct of
B (”)49\ tov 339~




TO Prow “Y\/\‘\S/ W PrOC[(ACe a ’FDV‘VM(AIO« -f’Df

Q"‘)K((D"‘m"DBj) for K 2m and pzo0.
ot

ol | |l




_E_)_(: For eadh l<7/2) (onsider H=[F,<JF,J.
) M {FK,F;JS FI@;’[F/FK)/

J/(D:Kj F,;)) = TK-I—I O“’ |Sl-3’01’\r\.5b)f\ SM(ojfﬂlA.])).
Vet: For FeT(F) , define
D8 = (N, M= FR) e R,

/)_hm(Coc\/\rav\ -H-Horﬂi For kz 2 j
PKII(E&,F.J) " HI(D’(YFH/FKU» —>[R
15 @ thV\omorPhiJWn.



Queskion: What o the Image of
Py ¢ IF fn%mil{ly Jentratth, Y
H (LR, RD;2) v mfinikdy generated.




Bounde d (ohomology

LH’ QH JTW—R e one of he P-invts
o previously discussed [ associated +o

n Site v ndinik Wu'ery repramfa%’mq)
’ Q\\i JW) — R i a |-wchain m group
(,o\/\omo\ogtg_ Tts Lo(om/\hdarj
0= 50y * S xTUH) — R is
the (bounded) Q’LOUﬁClé

6g) = SphEig) =04 62D~ PulF)-0i().




HQV\LQ W¢ \/\aw 'H/\C CS(a(.Jf 5@7H€m£ct

W

\OH | 7 Oﬁ

) — H'(g):RY— QH(s H))-—eu( (H);R)
— (54 R)

Ee(qlﬂ? H((G]}[m: \r\omomor’\)hkévm f:g—R

HE(QJIP\B ) 3CV\e\r(ﬁred \03 bownded
Tunthons §: qxG—R Yhat are ogdes




Ex: Whea H=F | (M=%, -

0 H'(%,:R)— QH(%)—H(X,;R) —

%
9 H (%, 5 R)
R :gﬁwj ’
Nhet 1 iM(éfgngQ) \(”(glfw?

I

Nok: T§ Ker(5)=R = 3 2 H.(%,:2)

Whida answers Momta't gquestion !



Oher Compu'tations of 0¥
\_er D e Z be w Cmbeolol\ﬂg 0§
D= Dl-(n-o\isks>

D %303 <
eq. 2= 2(DxT)

Ph: PWFG braid gFO\AP (?mw\ed) V€ Hhe
mapping dass grovp & D



This ew\\oeo\dl‘mg Jiw g an emloedo(iw&
9: P, —— Mod(Z).

Progo,sfﬁm((.@m ran-t-Horn ) Let Be P, . The
\/\'lg\r\ef ovdev P—-mvam'amjrs 0f (9(\%) (an

be calalated m ferms of Hae hijh@f-Or&[r‘
p-inviS of Hhe 2 ramed wgery o

} % Closure i pA
"X

r
) T®>

L
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L dea O\C Pwo‘r“'

ﬁ

- ~ o A )

ESHID P LS

(-

This gives a obordism W between

//é/ M-F szl) M;:JOU’\O\
/ :/ M = 0~ surgery on
el /M), s b fergon

Snature  defeck of E glwes 4he wum
0k 0-1nv ariants sn +he bowndary of E.

B



