ETH:zurich

Funded by
the European Union Established by the European Commission

Gleomd‘r)/ v’f R\’@W\amn S\Af‘fuu(&

%mvﬁ»\ +\'\A. ,C/ms o]C BFOWI\.IO{\ MoHOn

ju’rﬁ [,\);1[/\ ‘{U\I'\AO ><[/L€_
: ([ IHES)
MST




Orerview

° M,V\i{ormf 2atton ‘]’\'\LOP(’,W\

) Bﬂ)b\MiaAf\ Moh‘DY\/ own R[CWIMMM Su.rJ'a(LS
\/\)Curm "'\/\[) : Har moniC mMmeaSuie
IAM\HW on ‘emﬁ’r\/\ Srec.’rro\

De+ermi nant o% Larla QU oan,



Rn’emam\iwf\ qucfncs (X, 3)
X

Assuwxpﬁom |
e X w?+\/\0ut EDM\M @T":
(X is not inchded in X) o

i

o % a smosth  Riemannion putic on X

w\\_> (}3"""‘?\)"’7( SWLh/‘I'C on K (Rl'ewwmn 5uﬁfu~>
g v e);r‘% Qchm‘W\\,wUL_ (,\[,/,5

ov\? M 'S



Ru’emanniwf\ QucAncs (X, 3)
X

Assumpﬁom |
e X (A)ijr\/\owt ED(M\OKND m‘.
(X is nat inceded in X) g

-

o % a smosth  Riemannion putric on X

w\‘_> (ﬁ"m?\*’x Smthﬁl’t on K (,Rl'ewwmn 5uﬁfu~>
g oV 62r% Qéiw'm\mua_ \es
Reunck of memcs

—> X W\a\«j b\w\rc, Fu\nd'vrbg
—- X does, N o} mea! v ‘oe 6COML+H(a\b %‘m‘k
([ oo éemas , o f’;umc/h/ﬂ.s cd\owec))




M,mi I

o 'H’woreW\ ( Kiemaan Surfmce)

h

WniverA|
;Q ) 8 C\Z @\6} a,\mg'ﬂmj dse



h

M,mi I

vt e -H/worew\ ( metric {“ormmla\ﬁon)

X = €« @ H
b C T 0 -4
V\N\Mflf\‘ wWith b
CONA
\ o
A cz f
X -t 08, | MZ) M) e

i C/n=T
[Complute) Mownd  mdic i‘“f m,dm /};e,r\c)o\\(. mekric



COM e C
?\ e mebric waw\rles - 22:’1“:)‘ Jd7° 3

4= derdy

\L _0\1)'0\,3'
\ j“ T:J

qo)




Cow\p\cjrc metric Maw\p\es ik zz.-_:u-i\\)l J7° 3

9 d)( < J not (‘,D‘M‘:,\J.,‘\t

Ax > + dy C““‘”[’L‘k

i

jz\j vt = — L

\p\

\’\/ Fer\bo\ﬂ; F]hm




[2.4)

\n/’)dho‘lfc Su\.ffau,






[2.4)

h/))dbo‘l,f C Su\,rfa.q,

>

(Z\SPB , 3) ot wW\Y‘Ld*c. s I g WW‘]?L&L L‘/PUL»L’Q
OﬂcJ Oﬂ‘r\fﬁrmm\ -h,&



CO MD\C{"Q L“[PULDL’C SM'L\UL

\ /!
(X, jo) hos curvalue = —4

\/' A4 PSLL2IRY = gomn{_U'FD
3 dfgcre_{-c Foraion %ree, SM\ijMF

_______ T w




S—%améarol 3 rowniown HOHD\/\ ( [R




2

S—}améarol 3 rowniown HOHW\ % [R

(nC(C l)tn dn t
/ (:(:U:’;)/@ / 1-) BH

1% (Bt € (ds ,0\-:) \) = F‘E ((10,3.), ()QO)) dcha
T

(Xolja)

+2\ )
ﬁ A - D)cJL '('ant)



B rownian M ohon on

= +he d[ﬁtms{m ae,nefod:eJ b7
AS = d?urj Srmx 1 Lar\au-ﬁe\fram.‘ opesmifor



P) romwnian M ohon on

di ﬁLms{m ae,nefateJ b7
d

Hfj 3(‘04‘3 Lonr\ac,t - Pe ‘h“amf OP&mf'Of

= 4he
A, =
)
L\ 2 =0 . N A =20 +
R IR, 3=€ fc{x +dj) =D 326 fbxx aj'ﬁ)
= B s &+‘-mc_wﬂjea standord

Brownian moton



B rownian M ohon on

= +he d{ﬁvms{m ae,nefa’ceJ b7
AS = d?nrj SWJ 1 Lonfa\au-[ﬁe\fram.‘ opesutor

. L,\ IRL, 3 - elrf dx> +djl) =D Aa = e/—zr( OxX +aj'j>
= B (s a+"m¢_<_hanjeo\ S‘i‘a-t’lClD\fA

Brownian moton

sz (B €dw) = PJ':] (2,0) ohw



P} rownian M ohon on

= +he diﬁms{w\ QC”U“{"A b]
AS = d?iwj SWJ 1 LouF\acL-Be\fram.‘ o[;e,mfvr
o L,\ IRL, 3 = eﬂ—f c{x\‘ +djl) =D Aa = e,_zr( OxX "'333)
:—7 B (s oL-I-{m(_—c,‘/\aV\j@A S'I'O-VIC‘D\J"A

Browniccn  motion

PFOJC(X to l’ﬂ/,)?fl}o\f(‘_ Su,(qu/s

T ¢
5 :‘ T’
5 \L\ %




A
]Dm»«
Cmn

Hae

Q,xlslore

54
oF

GV (2o

\ AN



lf\)(l(m - (A? Harmon{c_ MeéaSure

' ‘ S-l-aurfl‘nﬁ »S—”mm 0

o P.‘c,le_ o. direction (A.vn'jgarm\c\g
jfoUovb +ha éeoO\L&L
0
*  Brownian mohonu
s (d6) = 38 \
=

hiH—-‘j distrbbiong for both BM & 6;;4&1



lf\)(l(m - (A? Harmon{c_ MeéaSure

e

B i,
- >
0 >

Aty = =

SUCEE \ / Wa 148) = Al 1)

hiH—-‘3 distrbtiong for both BM & éualu;c




lf\)(l(m - (A? Harmon{c_ MeéaSure

0

A isomefry of H ’(
) v, > @%ﬁ

Aty = =

W, (d8) = _j% /7 W, (d8) = Ag (W)

hiH—-‘j distrbnbiong for both BM & 6;;4&1

ASSumc PR \H/r

3 Brownian mphon
IS transient




H . .
H—Fmg d|'$+r|'\ouh'an,3 ]Co
ON A2 i r

M
0\.



Hl"\"‘l‘n\ﬁ dI'S'}‘rl'\olA.H'on,Si ]Cor‘ \/wnformb chosen 3Q/DOL</OC_
oN A2

jOF‘ Brownicun moh vy
Cre Qolu\o\\



HH—‘-fn& distribufiong ]Cor' \/W\lfvfmb chosen 3Q/oolxa.'c_
ON IO ”Z

jw‘ Brownicun moh ey
Cre Qolu\o\\

/ ‘ Q(d@)-dg

/\ =]
/\ A gs Yr%brj\b\ \Mgs

|0'Hﬂ:3

X b’mjzormm\ ]3

INV-AYYon t

|



H"H—(n\ﬁ d|'5+r|'\ouh'an,gi ]Cor' \/W\lfvfmb chosen 3Q/DD!M-'C_
oN A2

jw‘ Brownicun moh ey
Cre Qolu\o\\

IQO( dg) = do

&
So (8
ﬂ}w éeod}.s\'u!

l\) ot obw’oms
W rthownt BH




L
@3{—\'\ S J>e e o



F(GC \’\DMO"'D[‘D‘I/ ClaLSSCS D‘g\ c‘o&ec) cur ves
A}ree\:j \')omo'b\’r\'g

FCLUCS ° 1{- (S \(,),Perlgguc_ \VZ frcc &’\oma’ﬂ)]ﬁk} c,\ags of

essential  curves

L\y))e(\oo\ic jeochsm



(ee \'\omoh)“:}/ classes D‘(\ closed curves

‘}ree\\\j \homo‘b\’r\'g

Fab’cs ° 1{— (S \n)/Per)oonc_ ‘VZ Jcrcc &ﬂoma’mrﬁ cja% Of

essential  curves

L\ypef\oo\ia jeocxlsm ‘QX( >< v?,u/\ P
? je. OLLS)C.

: If S o —Jl\a’n Hrus \L
D+17%)



Free \'\omoh)“:}/ asses of closed curves

Fab’cs ° 151 (S \h)/Pe.r)DO'f— \VZ ]CVCL homph)rl} dag& of

essential  curves

3t %y)ae,r\oo\ic jeochsft Y ﬂx(xy J?,w M
? je_ OLLS)C.

® If S o ‘f\a\, Hrug l
) )
° O+\f\erwfse / AH g oure \r)0mo+o}>\'c, v Fofnt

) W\X(\(>~ eration 4 o{ ¥ mx(\’)=| & (rﬁ.m"{'""‘



I‘enﬂ*\/\ Si)eULFUW\ 0{2 h]PUlao\u'c Swrfmu\

= ¢ \em&’r\/\& of primitive gedusics  w. multiplciby 3
g{(égm_f @; Saﬂ



~ ef‘ao\.’c S Ur tae s
I‘enﬂ*\/\ Si)eULFUW\ o—g \’\/P fm

wlt l"c\"j }
it desice W, wm |'>
f\e/\&’r\/\& of primitive gec

t

A
| o SW‘!DMB 2 1 Q e U O'F

For compadt h I)U 4 > r
| 0’ U—ﬁu\\oujj LS&HOQFB] l




Lenﬂ*\/\ Si)eULl‘UW\ &g L\]Peflao\u'c Swrfmu\
{ \&/\3*\/\5 of primitiie aﬂm.-u W mubtipleihy 3

t

( For comraut h: I)eﬂm\ iC sw‘*uum)
U"IU\\OUﬂ LS@\\oq,rS] A g‘)e_u{‘ﬂlvm O'F A\

° (an wd}o(. +\H’,orew\) Oﬁmhé {1 TﬂnthL 6,uabuuc/>
L Hubser 3T Randol ) [erg-lis) of gl < Lo ~ e/



Leﬂﬁ*\/\ S‘DQQWW\ &g h]PU\aoln'c Swfmu\
{ \eﬁ&w\_c of primitiie agm.-u W mubtipleihy 3

t

( For comraut h: I)eibv\ iC sw‘*uum)
U‘IU\\OUﬂ [Se\\ogrg] A gre_u‘(ﬂ/vm O'F A\

° (an wd}o(. 'M’HtOfC\M) Oﬁmhe ]ﬂ THMthL 6,e,oabwtu>
L Hubser 3T Randol ) [erg-lis) of gl < Lo~ e/

[ =00

~b
S.’mr\x \w\j’r\/\ S‘ch-mw\ L M('fia\c[’lamij —~— CCX) Lééj



Leﬂﬂ*\/\ S‘DQQWW\ &g h]PU‘aoln'c Swrfmu\
{ \@Aﬁw\_g of primitiie aﬁmu W mubtipleihy 3

t

( For com[)aut h: I)eibv\ iC sw‘*uum)
U‘IU\\OU‘ﬁ [Se\\ogrg] (A A gre_u{‘mm O'F A\

° (an wd}o(. +\H‘,Of€,\M) Oﬁmhe ]ﬂ THMthL 6,e,oabwtu>
L Hubser 3T Randol ) [erg-lis) of gl < Lo ~ e/
L =00

~b
S.’m W lenath gpectram L M(fia\c[’lcw\ {J —~— CCX) Lééj
AV

. HU\U(\;\:‘L(7 ()



Lenﬁ*\/\ Si)edTva\ &g h]PU\aoln'c Swrfmu\

{ \@Agw\_c of primitiie aﬂmu . mwltipliciby 3

t

( For comraut h: I)eibv\ iC sw‘*uum)
U‘I(x\\o{,j [Se\\ogrgj A gre_u{‘mm O'F A\

° (Pnnm wd}o(. +Morem) Oﬂuﬁhe f frﬂnmhvc_ 6,ualj/uc/>
L Hubser 3T Randol ) [erg-lis) of gl < Lo ~ e/
L—>

0o ~b
S.’mr\x \w\j’r\/\ S‘ch-mw\ L M('fia\c[’lcw\{] —~— CCX) Lééj

’ HU\\H\J\I‘CH'y [R&ﬂAO\J 1S wbih—o\r«'\/ lma\n on an7 L\/Pe.r\oa]ic SL\J’SVUL



Leﬂﬂ*\/\ S‘)QUTUW\ &g h]PU‘oo\fC SUr fmu\

§\f’//\3*\/\_§ of Pﬁmf\‘l‘\rc 8,@0&5((,5 w. ww\|+{|3|fulj}

t

( For comraut hy I)Ubv\ft sw‘luom)
9 U—l(,\\oe;j [Se\\oerg] / 1: 1 gre_u(‘fwm O‘f A\

* (Pame geodroic theorem) Countin a]ﬂ ffn'mfh‘vc &uabwfos
L Huber T Randol ) [Hargelis) of &Mye el Lo= X ey

L->

S‘.""r\* ‘WJ*M S‘Jed—ruw\ L M('fia\c[’lcw\{] ~7 C (%) L%Fb

‘ Hu\u\g\.z;h/ (Rando!]) s wb;\mr:\/ l,;;a\/. on av7 l«/}){r\»]ic SW—SM
Sfm?\,t Scodlsl'c \Cm&”/\ VVW\\HP\;UB? HM\A‘ wtjt(.‘ﬁ»f(&

[Sd’\wu’)‘b - SdAaHJJJ g — NUimnber ‘H/W_o':j



. MMD io\anHw Ok\anl' lenj’rlns s])ec{-mw‘

—ﬁ/lw ( HCS\/MV\L 1% ;cl@mh“{—./\ ]nmq__ﬂ,&h.qe)
.
Yo7 § 2 L onwe Punchmo\ ‘o1
1

¥ oriented N4 + 4
S;ﬂ/'\)lﬂ cloted

ﬂeodx,sic




. M&VD iO‘LnHHw oot lenj‘rlfls s?ed-mm

- 0\\ identities on 1 Swfp\u_

—ﬁ/;w (Hgg\mm's icltmh‘hq )
o,

¥f once Puncf'wto\ forti
1
> = 1
€x(0)
ofiented N4 + 4
Sivple. ) osed
SQOCUVS\'C

[ MW %o\]ﬁ‘/\omij G(emmlfaecl HeShane s meh\b =D (omruh,h“m a‘\’-
Hae Ueil- Pefersson veluwn o~ modunly spauss.
E&gmj?&mj R@‘ax{-\'aﬂ \&Mjﬂ/\ o—I (ﬂeod{m bmw\olmg
&> Ie.mgfﬂ/m of or‘\’\'\O{ilﬂodleCS
EBN\ASGW\FW\] ](;JWJ.,-H»(/; o OFJY\/\OSe_O&QsiCS b; decomFos[03
T
Ao T En'd\c]ewﬂ _ cahn) CGolegaci J T Paclier]



HOW\ Huorem 1 [ W. - XD»L)
Le,%: be C,om])\ei‘e, \f\/l)arbo\.‘c Swrfos

be o closed, countrble subset of— , ww\r\pl-e \')7Pu\oo\\'c OoY\Jaorma.\
‘o



HOW\ Huorem 1 [ W. - Xwa)

L&‘\Z X be com])\el'e, k/PUbo\fC Surfao. ’P":i Fw -3 e X

be v} c\osd, Countnble Suloeet of X, X' c,amr
o ANP.




HOM Huorem 1 [ W. - Xwa)

L&‘\Z X be COW\F\d‘e, k/PUbo\fC Surfao. ’P':s: fw -3 e X

{7 V= .

\ge v} c\osd, Countnble Suloeet of X, X' wmr
o ANP.

et B) be o closed Seoo\x_ﬁc m X/

1

r(X? .
L (7))

(%) Q{”(r)—t ) ('C‘KY "V) ¢




HOM Huorem 1 [ W. - Xwa)

L&‘\Z X be OOW\F\d‘e, k/PUbo\fC Surfao. ’P':s: Fw -3 e K

{7 — .,

\ge v} c\osd, Countnble Suloeet of X, X' wmr

o ANP.
et B) be o closed Jeoo\x_ﬁc m X/
.t = L .
", V) Q{”(r)—t gay et (kt(r)——i |
S

1{'\' BT a-sl\m’(, torms , X :T\P’

PratT) . = L !

! r(X? .
T ()" fay M) gy
X




Commw{s { 2 .
& _

peas?) )t >
T ()T(‘_):_ %(U) e'{)r(r)—i '6'9{ MK,(") 6&'(2{’)_1_ -

Remark. : l“: s Fﬁmi”m (.MVH’)‘-“J-)’ Fron 'Vl,ci(h’:)>i.
sina M, (T | m o)



C_C\rwv\ ( MCS\'\anc's IMHB [oveat Hath. 9% 3
V X:T\ § P} Oonw andurec] forws

1
2 ex(“@ A B 1
¥ oriented L + =
Sfﬂn‘s‘[t closed

Swd,u\'c

Lompoe T 0ter fOlIAAHi'V\




gimu\od'ftms (Hinq\cwr\ L{V\\ . modl o s

Ny ]
(T/y
77 o (&
1 T - Z’n—

T - F



S|N\\A\0\,{10V\5 (H(“ﬁ\ﬁw'\ \V\\ r\{ modmlor fons

27 -

1
H S\’\[A : Z x(hé> =
¥ oriented L L /\
Siasple closed C"""‘Wé\“"‘* 972 > 4o ""UMS

SQOMK




gf(V\\A\&\,HO\(\S «S‘\w Mo(l/u\\oxf +ornn,

(T/y
o N—;
T < 4
// / [ ¥
1 'ﬂ'l = Z-L _n_ _ F
1 2
Hcgl\umi Z 0 = 1
cnted ¥ " >* N
ofiente -
S;ﬂ,,‘,k | osed DJ‘V\WSUAL& 977, >~ 4o +UM5
ﬂtodx.sic
Y
T > .
\l\)."X\AL‘. Ar'_—w\ ('HA)( X))_ = Q/QK (K)—i
=Y ('~

/\ T < Non sfmr:\z

o AVIve 757 80, 000 ferms
0 RG 7. 30000000  fermns



'J\m'n rcw\t- /& /
J

Area. C7) 4 t .= L
m QT(Y)L W\x“;) e"Pr(r)_,L K'g
X<

Pioog dea
- e 15ton om MH o o (Xra)
- Csw\:gw Mau\ (WMo we 0§ 2D Br'l

= 'Pm\r,a‘g;\q—g o“: oD BV\ \45%“(\8 2y is O

) ' ) -
( MK,[‘) €“ex (K)-—i



Sl
Bﬂ)wm’am IOOWD "R %

0 ! 0 - 4:/\\'-\-( MCOLSU\J e ’ 5(,2 (Br]) n 1/‘ o1 ‘ f!

S]M’l)\,g mmdovm A V)
(_A b Cewshuct “(l“‘/""/ "‘f
. SLE , CLE

1 ‘\’\}W3
Scheamm - LJUW] LSWH\M
[ Lacler - Schramm

 londet AL
“TO"'Q\ WSS = (jd X.

GFF
= Potbo {Zu/wﬁam 9.\2

00\
> Cm an ov



_’DQ'F\’“H’O'\ & Properi-fe.s Browniw %rl"Aje_ on (X,j) oJC A

ma S Ft_(ac/x.)

SN C\W (x) dt (heat kerael
with Dircihlet
d - Condifron )

M€aéuuf( on [DDfS ‘on (le)



D j\’“’ﬂ’o'\ & Properhes Bm““‘w %rzﬁae_ on (X,j) aJC e

maSS ’|7t_(>c/x)

S din (X) At (heat kerael
7 Wit Diridlet
o - Condi'l‘;On )

® IVA 4\](/\\1’t MLASUWR. O Ioo]),s ;/)
*  Reshrcton - l{ X < X )*x',g ’—]“x,a ’ﬂ—f-cx'y
' Cw‘gmm\ moona, ¥ 0 ¢ O (%, k)

Mx erg [ rfwau%nz e ramm*rn‘a%ﬂ)

Voot mc‘m% the oden i



_De’F\mh’u)n &K Proper‘-(e_g Erowniw &rl"Aje_ on (X’j) oJC ot

maSS Ft(ac,x)

BN did fX) di (heat kernel
wity Diridhlet
o - COY\AH‘?on )

® Im‘?(m}t MLASWR. O [oo]),s ;/)
*  Reshchon : Tf X < %X 7’\(',3 ’—]“x,a ’ﬂ—f-c><'3~
® C&n‘gmm\ imptana Y o c C” (X, 1R)

)\*x, e;i‘g [ MLHW) Fha rmmm‘baﬁe«\)

Yook me‘m«& the oo bt

XOOFS M oL NN - -\-T'T\/]m|
¢ homatoprt class

)‘Ax.@([\f:\) < oo *][ar

C’JW‘\)alX ST [ LQJQV\]




: L ol asSume
()7“’“3(/»\'1/\8 M x 9 (Ly)) 'F‘ -

. [ST\’FT’V\O\:\ TNvesonee =0 —Ta\q j_—_(jo CSWP\J«k Covvo ont

wur verture e

. ler)
i -2 ¢ 2
TSy
’ N

]Qﬂ Some T



’ T
~ ¥
\( -
e £ X
]Qr( Some F:T'
- ¢ ,
,\*X T¥)) - J {i V(F\G'eg'ua cless fe =, (L)C‘W]x &
L Sy X



K. |
£ X

x (T¥]) = J JUM(F) Po 1%, ¥ )dnlx dy

-g 1\] fPf(mH-nvt



Cﬂmpu\‘f/\q Mx .o (L¥Y)
\ U ' J

. [ST\‘FIP’V\O\:\ Nvesonce =0 —Ta\q j:jo C9'"'~P\J;}'( Covvo Font

o vebue  mUbe

e P&x)
_' -2 ¢ 2
=59
: N T
v 1.4
]Qﬂrlgafmc [-,-'I" { X

tH

,\‘X (T¥]) - J iv( FJQ (X, (L)dw]xd%
) t H"\/(az)



- R4
2 I
: 6,1 :Z"") e/ + } -H"
fed . e
J
T /
¥
£ X

La other words - M Ted) = My (TF]).



'{<(
X

H
Py (2

{
€ x)

C‘W’L ) dx
b

H/( >



/]=&|/< ¥>

<( Fr [ efx) dnl 1y dx
<t F "

F
] L
ee“l”'-i / when ¢ s rr{mn'h'vc
1
= M*([ﬂ) T 0 B




proojy af macn  +husrer L X's R \p
)

( T

1
e m b, gay ") Ty
[ (159) = > M Ated)
/ Zsi;x
Fr's I:O\af" “,\'\N 5}1

I\,\X < (h\jl\x,\m\\] o ant



_T
01
\
mass
of
| (3
r
Wne
an |0
VFS

—>
-+
e nn
l. Vlm
nt ff
A\

\\T
ot
o

)\

R

Q B
oon o
T
[ X
.‘3)

= <o
Cc) At
SAJ



[Avm ) Pax\&’ P—Feﬁ‘e:, Slu;n fe,\oU a\So T, Le]om_] [Dub@&ai’]

" Theorem 4.10 (See [1, Thm. 1.3]). For a closed Riemannian surface (X,g), the total
mass of Brownian loops with quadratic variation greater than 4t and less than 4T is

given by

Vol, (X)
4t

X(X)

; (logt +7v) +1log T +v + O(t) + O(e 1)

— logdet; Ay —

ANSN————S

ast — 0 and T — oo, where y = 0.5772 is the Euler-Mascheroni constant, x(X) =
2 — 2genus(X) is the Euler characteristic of X, and o > 0.




[Avm ) Pax\&’ P—Feﬁ‘e:, Slu;n fe,\oU a\So T, Le]om_] [Dub@&ai’]

" Theorem 4.10 (See [1, Thm. 1.3]). For a closed Riemannian surface (X,g), the total
mass of Brownian loops with quadratic variation greater than 4t and less than 4T is

given by

Vol, (X)
4t

X(X)
6

— log det; Ay — (logt+7v) +1log T +v + O(t) + O(e )

ANSN————S

ast — 0 and T — oo, where y = 0.5772 is the Euler-Mascheroni constant, x(X) =
2 — 2genus(X) is the Euler characteristic of X, and o > 0.

(Doe.s \'\‘}‘)U\oo\fc ﬂamev/ he“)?

F([s’f OowcfA(/( do&c)\ "\Wuloo]ﬂ, g\,\f“Fm% Vith  ¢oe
8&4\/\3



Normoli zation by homotrpy classes
/ AV,
5 (%) '-—f 8,&00\13;& o—gL X 3 ({7()\) = S Prl'm»'-Hve deod}sfcs of )\5

Prime 3eodcsic, +heo rem
Nx(L) =Li(eh) + 3 Li(e%t) + Ox(eit/L)

\[ N'Q/L_ 0<A; <l [,\\\\L_r( L( ( I) -—‘(\x d'\:

1976 Foo | e(¥) <L



Normoli zation by homotrpy classes
/ AV,
5 (%) '-—f gﬂ.oo\ls;cs o—gL X 3 ({7()\) = S Prl'm»'-Hve deod}sfcs of )\5

Prime ﬂeoc\csit +heo rem
Nx(L) =Li(eh) + 3 Li(e%t) + Ox(eit/L)

\[ N'Q/L_ 0<A; <l [,\\\\L_r( L( ( I) -—‘(\x d'\:

Ity
415 E CF(X)\ Q\C(K) gLB o l» J
| _i"valj

Haiﬂ T\'ICofCW\ 2 ( \A}--XU\L)

'—) dL'l'AT- -Arwx('x) E 40*2 }Ax(Cﬂ)
0 ve Juo\Pey

4

+J°° Q: Vj[ NX[L\- ‘_gle}))
[=

C. E are W\ivusa\ C»WIS‘['BW\'LS.

[937[—



(© /O NN ¥ /N SW:Y"’\U\.S

1% (N 8&omd‘~’ica\b —f(n«'k ond

1V 3§



S O ¥ pdvN Sv\ffwo\s

1% N 8&omc¥'~’ic&\b f.'m’k ond oo
( at |cc¢t 1 jcbw\vm/\)
Pr(me 680&5\-(_ ‘H’\LOT‘QW\ (H‘Alﬁ(f) g 6[97()
SL \\
I\JXIL.) ~ e/gL ag Lo dim (ACT))

=> %’) f/\x(tb’\]) los . No cenormalization  needed |



cO (Ut swjﬁo\s

1% (N 8&0“'\ e Ca-\b f(n e and o
( at |cc¢’x 1 —JCMV\VIQ/\)
Pr(me Seoc\xsfc ‘H’\LONW\ (thﬁu‘) g & (97()
SL \
’\foL—) _ Q/gL ol L—oes  dim C[\_L?))
=2 [Z‘J ﬁ/\x(tb’\]) dos . No cenormedization needed .
¥

T\V\W\ ( Romo\{\ Le,(monAA - Jiom \/\)OW\"\ >
-/
BRI , - F7 ’




CO Ot Sv\ffwo\s

1% N 8&omc¥'~’ic&\b f.’m’l-c ond oo
( at ‘Lkgf 1 jcumvm/\)
Pr(me 680&13\-(_ ‘H’\Lor‘em (H‘Alﬁlf) g 6(97()
SL \
I\fot-) ™ Q”QL oy Lo Hdim CZ\-L?))
=> [Z-_) ka( E(J) Lo | Mo cenormel r2aton V;fed(ol_
¥

T\’\V\f\( RON\O\’(\, LQ_VY\OY\JJL - Jfow\ \/\)am-'/\ > ?:
Hore W(&\ s k = killing mte
§HD |
2 M () = —\o:) 2.3t {gek )
4]

L, @ )
l—} ‘2]'4' \l # tk > § . Zx(s) = H H(l—e_(‘*'*"‘)éﬂ')

vyEPx k=0

—]03 2D




Coﬂ C\Vl$;o(\,

MULS-S of— Browmam ‘ovr n a Mamo-l—oFy Class

on o swfa ce 1< expresse d oS
(1) -fomch'on o?
Com‘)\eie metric o‘f constant Ceroture

omd oonforma\\ +



Coﬂ clusion

Ma_s_s o{— Browmo.m ‘ovr» (N a lqomo-l-oPy C|ass

[¥) on a suface 1< expresse d  as
On -qunCh'ov\ o? L‘PX H/) '(QVIJ'I'\/\ o—f +he jeoDlﬂ-Sic_
Jtor +he c,ow\‘)\eie wetric O’f constant e rofare

omc) oonforma\\ +

—7 _Too\ ‘l‘U S‘\'MC\Y H’\Q ‘Renj‘l‘\'\ SFCL‘I‘I‘ULW) O]Q ‘R\'&Ma’vm SW‘fauu.
= Ia\em\—(b own ‘enjﬂ'\ S}Dec_'f‘(‘u of X & X\P

= Rnother  renormalizadion of total  mass of— L






kﬁ . c 1 C=
R .S f— — S| : Ty
ﬁ‘ Sale): = X T Lt Tele™®) -1 de

\ 2n
SC\ \02,3 "‘Yv\u ’£MV\\~\G\
S e = Area(X et oo e /MY X, et ()  mt?
O i o i A
SX (£ ) < ZL\V\)x—Dn ([..KB ) &Wl‘x
J éﬁfx)

—logdet; A = —Area(X)E — vy + Hx(t) dt + /oo Mdt
Jo J1 t



R{'WWL; Blﬂ 'S C\efinu\ {:w any smoith  phric \Qw‘r }’\-R(CX3)

S ¢ -Fw\(h,_,'\ c'f 'fd\o ',_f’ Wr\ch ConstonT curohue vefnc,

EX&vak "
a&w L
\ . / 8e,oc)esu_ bbum&v"j (0\‘\9 'L>
C



R{'vme Elﬂ 1S C\E’fmu\ fw owv smowth  ndric \QW‘r }&R(CXS)

Youl curohc nvefnc,
S ¢ -er\ 190 cf 'f/( 0) .rf Comr\c’l‘( Cons

EXG\W\ 1L

&\’%

8@0()&5(. buumdw“:) (Q‘\g L)

COV"‘rl efe Sur Eo\




R{'vme Blﬂ 1S C\E’fmu\ {:w owv smowth  ndric \ot»d‘r }&R(CXS)

S & ‘er\c'hs—»/\ c‘f‘ 'f,( () .rf (;omr\c‘h DDV\SWV‘T currobue v,

EXG\W\ 1L

&\/% g“()ﬂ“ iooumcfw‘:) (0\‘\3 )
J |
97

4

/ x Comrl e sorfen 140

o) - ¢/

........

........
.........



R{'WWL Blﬂ 1S Ae\tmu\ fw va smowth  ndric \Qw‘r )'\.R(C?ﬂ)

(S © ‘FMM\('\")M c‘f‘ vf,( ) .rf cum‘:\ch Constonl curodue vefnc

EXG\W\ 1L 4

o h MX{ Lad)

€ - 4

8@oam o docy (&b .0)

N
9

4
CDV"“?l efe Swﬁa [0)/\0‘)0‘)




