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NEGATIVEPOWERS OFTHE CANONICAL CLASS-

&1) MODUL OFCURVES nodal singularities

!
C Riemann surface

I
↓

Mg,ni=(C,p,..., pu) | genus
=

g I Agin
p,...,pn < c mrkputs

I
smooth 4-orbited

dimp =39-3+1

PROBLEM:Understandthe geometryof Mgin and Elgin

Eg. 4gin HOLMgn) HOMg,n)

Ex [Witten-Kontevich] Vi=1,..., Ci - Eigin line bundle

[c,p,...,pui->igin in Likep,...,p2
=5C * Bl

4=c(hi)tp(tg,)
↓ #!I

V[d,... [du) == Pi 4... an d, t... du =39 - 3+n
Mgin

#m NEd.... [du) satisfythe AdV hierarchy

15) Viraroro cnotruts > topological recrsion



MOTIVATION:

2d topological quantum gravity as NEd.... Edn) correlators

[Witten '9]]

↑ k=0
dtopologicalacantumgravityin m Nica."Fdu,and correlators

↓ [WiHer'92]

55d,..... Edn,au) i =

Eg& <utop (5) 4..... adu

Main ↑

virtual Euler class/top Cherries
where: · V.=k+2=2

· N =vgYa,..a."-"Egin "vector bundle"

2t(kc,p,...,pi) H((c,k**G0(2,8:p:)*(
= roots of holomorphic diffs on C-8p,...,pud

w/ prescribed poles @p:

IDEA:Take Le T 1= analytic continuation
to negative levels

82) EULER CHARACTERISTIC

V = - 1,ai = - 1

1* (x,p......(-] =H()C,k0rGG(z;pi)))
(c =39-3th

I holom quad diffs on C-5p,..., pad w/ simple poles pi



FACTS:D O =TMs -> giis the (log) tangentbundle

2) (Gaur -Bouret):G (Mgi) =fy<-op2Tresin
y

⑦How to compute?

#m (from IChiodo,'08]) Bm+(x) Bernoullipoly

C(TMg,n) = eplami [Bufsau.Bml41

Bmxi (0) =Bm+1 I↓ Bme(1) =Bay - G(mal) known BuouL)
N.exp( -nz
↓
Idvall Hodge cars

pCorollary. 49in =
_

N.exp( -n)
Mg,n

& computable via Hodge integrate
manipulations +2dToda.

4g,n+1 iPM,,nc,p*(N.exp( -n() exp(-n=in)
-

p.Mg,n+1 ->Eg,n exp(log (1 - 4u+) =1- 4n+1

NV =p- NV, Rm =p* Rm +Pu+1



I-p= (N.ep2.nz. -) e

=

- /aA.expl-z e P4n+1
↳↑ k. =2g - 2+1

= - (8g- 2+2)4gin

With similar manipulations, HARER-EAGIER FORMULA

19.0 ↓ # P
In 25) ely,...yetge

n
- + +

c-g3(1
-eg)

Toda equ
+ELOU

jw/D. Lewarioki, P. Norbury [Dubvain -Yong-Lagier,17]

83) NORBURY'S CLASS

V =- 2,ai = - 1
vkc =2g - 2+1

15(52,p,,..., pas
=H(c,(kG0(2,pi)")

↓

↓ ↑ of holom diffs on C-sp,..., pug w/simple poles pi

Egin ==(1)"28"c+p(V)eH2(29
- 2+h)(Mg,n)

Prop [Norbury]. Ogin is a COhFT satisfying Oginti =4hp*Ogin

Conj [Norbury]. <=a... tanC =P.Ogin4* ...4. satisfy
Mgin

the RAV hierarchy (=Brezin-Gross. Witten solution)



Im [jw/N. Chidambaran, E. GarciaFailde). Norbury's conj holds true.

STRATEGY: zt
↓

1) Deform the class: 8 =Ogin +E-corrections
-

lower color degree

2) O is a CoLFT, semisimple &to (=> Conj of Razarian
Norbury (

3) 1td....du) are computed bytopological recursion
Nz +0 ( v=> unique solution toIVivasoro cnotat

4) In the limit 250, TR still holds

=> It....dn> are computed byTR (r unique olticaseesI
y

the BGW =-fnctis also a

solution [Grows- Newman'92]

5) SPECTRAL CURVES

* For the intersection numbers 5td....dr):

!
x =22- 25z 250

&
x =2

an poles of
->

y =2
- 1

y
=z

- 1 atranputs



* For the intersection number PignCCTrgin) 4... en

p
X =2 - log(z)
y =z
1

Get gin for d, ... du =0.


