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 Chran (Rice U(h'\ucrsi%:)}
+  Peter Horn (Rice (Ar\'\\/crsHﬂ)



Goalt For certain subgroups J(H)

ot Hhe mapping class group ok o
surtaw, define
* quasi- homomorphism s
0 T— R
* Signature 3-co(ycles
0, S TH) — R



Ln sme cases; we will show ~hat
Mhese are won-trivial.

TIn Sack | when TH)=Torelli subgrowp
ond VB (2)— U0 we will show
hat {Qk\)g has  infinide vank,



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

Fishree group generated by b, ... gk
= W\ (ZU X03)




D_Q_&-: TL\Q W\OLP‘)inj claog Jrowp e g J{Mod(iﬂ 1S
the roup of Loopy classes of D rientation

presecving diffeomorphisms ot 2 Hhat Fix
the \DO\Av\davv, of 2 Poirﬁ‘wisc

roh&e

or i c\OSeo\ \D )
SurFa(,o. R J /S’

ngcre\\\{ﬂ[cc
involution




Mod(S2) 1¢ vrelated 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 fop Fo

£ bottom b«a

- %U “°

Mg s Sber bundle over S with
gi\oer 2.




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

I E)
\ &
\ oy 9

Define Do('i—ﬁ_‘ ‘og 0 D°(’2-A: Te!

o D"(‘A>




Theorem (Dehn @) Mod(5) s ﬂencrajred
btj S"W\htdy Mmany Deln Twists,

|erer=)

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

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




Lt e Mod = §,=id 50 by
C,\/\ooswxg a \)(Asepom’r Ko€ 22 J} e Aut (1 (& X))
Theorem (Deln-Niel son-Baer) :

T Mod(2,,)) = Rut(m (5, xo)=Aut (R, )
A > £,

CO\V\ awf‘ox(majre T \93 send ’Sl — S):
where F/F — F/F where {FZS K

o} ()v\amdre\rs’nc series Yhat approximates F.



EXQVV\?\e" F;: [FJ F)-‘- mmutato r Jubgp

Qﬁ? The Torell aroup 0 2. fﬂﬁ is the

SUK\ogrowP of Mod(s) (omist\vxj ok di$feny
Mok tnducto Hae ‘\dQV\JrHy 14 H‘(2>: F/FZ.

T(8) = ker (T, Mod(3)— Auk(,(2)))



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

Dehn twists m boundimg pairs of (wrves,

.-I _
0 [\
DO‘DG' ro(,B o\ii')bimL
, hon-sep avahry

B . (wrwpo

/M(jo(msnv\)! :L(Z) '\S S;—M'("'G,(lg ﬂe(/\g(f‘&{'eo( 'FDV“
(3‘2 .

Tﬂﬂ [(Mess): T(5) is 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
OWC' j:(i) \AS'Inj ?~'\h\/‘ar'mm+5 Ea

-manitolds .




M; | o ¥ Gl he froup. Then Hne

lower- central sevies of Q i¢ defned

kS m s
’ 62": [GJG]_ CDDg\ugah 5‘&(03’3

* v K2h Gy, = LG, G

DCS' T\/\e o qehewtl\zw\ J ohnson Su(ojjoup
or 2 )jK—J(i) b the sm\ogroo\P o Mod ($)

’Hﬂ(&\’ N AM(L ’Hﬁe \o\eerle? N\ F/F’K,




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

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

|

-’3;({)9 denoted K? , s often called +he
- Johnson subgroup .




Question (Movita): Ts H(Ks12) fj}iniﬁ/j
generated - 9237 [kt K= T ikl ]

Mg: SHIL anknown if ?9 (o more
genevally J(5),k23) s infinidcly  genevaded
bor 473 |



Con5+ruc+\0h og Thnvan ants )

et HAF-m (f) & tharacterishc Swlojrou%
and J(H)= Smbgromp of Mod () (DHSU«HV\j s
Jitheos of S Hut induct Hhe 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 D760,
¢ XE 2
3’ K denhfed 4o

o N¢= Mg,/(ﬂ)t>"'(\/15) a point m Ny,




X, N, i
- (@9 139
Thew ﬁ,(M;ﬁ(x:..,J Koy, T \tx-,t': Fxi) 7
\I/kill ()=T
TNE =Ko, Xy, | X2 F0G) Y
but since $(X))= X, mid H =
m(NA/ Ly 2 F/p
/ﬂ/\\mJ W o LPH‘ ﬂ‘,(l\/,c)—‘? F/H'

T
independent of F




Dt 0u(9)= 07 (N, 4 m vy —> Flp)eR,
/\4« Ur\ee " Gwow\n\/ L(Z) p MViaa ant
aSSou‘o\’\—eA i (NQJLV&),

Nole: PM(MJLV) 5 0 nvanant associated
o any 3mEd M gnd ¥ T (M) — " (groupd
o

Nok : =D invts have been e Ful Ncevnl(y
m e S*’Wi\/ ok 3 manifolds and

knot and link (oncordanc (Cod/\mw}H,uM%
Kim) Cha, Orr) Tet daner, Rorn Heck )



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

st faw =1, M 1
| l
TYI\I\/— ¢ > A

Thm [ Ramachandran)

Q(Z)(MJF) - Ll’ S'lgho&*mn ok T'«eqmi\/&rim/\\—>
intersechon frm on K (W, 24)

— (S'\(Anajmw ok N)' R



’ 1¥ W< Mu Fw‘nifc (/u/zi Mry m/)f.
Y F/H—%U(”) Han (an debne

Pﬁ(?)‘:‘@(’\/g NQ—-»F/H—%U(V\ ) €ER
the AwLi\/O\\«r- PaJ(D(AL—Sinﬂer(Apg) (m“v\va.
”&\m(l\l’g‘. I_i ¢imNy ——UMn)  exteads fo

P TW— Ul  Hhen

Qu(‘\:>- 5\3n(\4\l5 nSIgh(V\” A
signatuce of Ynile >

Hermitian matox ower €

fwisted st gv\oérwe (



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

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



_E_)_(: For eadh k’u’l) (onsider H=[F,<JF,J.
) M {FK,F;JS FK”’[F,F,J,

J/(U:}(j F,;)) = TK""Jﬁ U“’ |Sl-3’01’\r\.5b)f\ SM(ojfﬂlA.])).
Vet For Fe J(LF,F ), de fine
PKH )= V()(Nh '\’4_’ F/ere, E.1) € R,

/)h”ﬂ(ct?d/\mv\ "H-Horvﬂi For kz 2 ,
p;’f\ " Hl (I([FKJFI«)>32) — fR

15 @ thV\omorPhiJWn.




Queskion: What o fhe Image o f
(jkﬂ?. IR fv\a(%hu‘lfly Jeneratth, Yren
H (TURRD;2) a6 nfiniddy ganeraled,

For an arbitvary characteristic
swogroup H 2 F,
0, J(H) — IR

15 & Juncon but not necessanly) a

homomov phism |



Bounde d (ohomology

LH’ QH JTW—R e one of he P-invts
08 above ( osSomakd to a Finide o

|V\'§:\Vll‘l‘ lAn(JrWy repramfa%m/z>
Q\,\ ' —_)(P\ \.( QA \ CO()’MUV; M 3r0mp
(.o\/\omo 0gy. LAS Lo(oowqdarj

0= 50y * S xTUH) — R is
the  2-wwyde

6g) = SphEg) =04 52D~ Pl -0u().




1_>_¢£‘~ A Sunction W: G—R is aled
quasi-homomorphiom 1§ 3 (onstant Dle)
suth that ¥ x,ye @,

€ (xy)- ¢ x) - (y) | £ D ().
Q H(&)‘.’: {quasi-lﬂomomorphigm N G%Olmded

Lunchons

For eadh G, Hhere 15 an exatt sequence ¢

) H'(G;R— @H(a>f—>n1(a;nz\—»mam



Proaoaiﬁm (Cochran-H-Rorn ): The l’\fyher - i Vs
()ﬁ are [(V‘“""\”"V”UW\WFWISMJ and hence
define ¢lements O‘**S()H —] (j‘(H) R).

Mi 0CF is ok Vlé(@quv{[b 0 h I_]:(;)“(H)}/]()

#
Stn(e QTE iy be w, unbounded Funchion



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

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

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

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

Tfjx(ol‘/z_)xﬁ.} LCZRE: MJ /

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

W,
Wi

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

QwK((Dd‘moDBj) for K 2m and pzo0.
ot

ol | |l




/”f\(w s« [Dnj €Xa(f/ 34701414((.‘

0 H'(%,:R)— QH(%)—H(X,;R) —

%
0 Ho(%, 5 R)
S :{FWK§ ’
Nhet 1 ‘M(gfzewKQ) \W(SBPWQ?

[

Nok: T§ Ker(5)=R = 3 2 H.(%,2)

Whida answers Monmta'c gUestion !



Oher Compu'tations of ¥
\_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 ) Lety Be P, . The
\/\'lg\r\ef ovdev P—-mvam'amjrs 0f (9(\%) (an

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

} % Closure ) pA
"X

r
) —‘U°>

L



T

T dea of prook*

ﬁ

- ~ o A )

ESHID LS

(-

This gives a obordism W between

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

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

B



