


Three topics of  RMT and  Moduli space

(1)  Euler characteristics

(2)  Gaussian random matrix theory and 

supersymmetric CP1

(3)  Kontsevich – Penner model for open

boundary

(1) E. Brezin and S.H, JHEP 04(2009)110 and  JHEP 02(2013) 35.

(2) E. Brezin and S.H, arXiv: 1502.01416.

(3) E. Brezin and S.H. J. Phys. Phys. A 45 (2012) 045203.



One dimensional homology group and fat graph 

H1 (Σ1 , 1 ) = Z2

H1 (Σg , 1 ) = Z2g



Intersection number  of cycles        +1, -1

mapping class group    Mg   

Integral symplectic group    Sp(2g,Z)   (elements are +1,-1)

σ :  Mg ---->   Sp(2g,Z)

*Kernel of this homomorphism is Torelli group Tg,  

(Johnson homomorphism;  tensor module(abelian group) from one dimensional 
homology group for g>2)



(1)Random matrix model with an external source 
provides orbifold Euler characteristics, which is 
intersection numbers of curves with s marked 
points for moduli space Mg,s. in the limit of p -> -1 

of p-spin curve).

“Intersection numbers” are the numbers of zeros 
of the sections.









intersection numbers of p-spin curve





Euler characteristic of  arithmetic group

χ(Sp(2g,Z)) =  Πk=g  
k=1 ζ( 1- 2k) = Π (- B2k/2k)  

which is Gauss-Bonnet  theorem for volume of arithmetic 
subgroup of Semi simple Lie group (Harder(1971)).

Mapping class group and arithmetic subgroup have similarities.



(2) CP1 Gromov-Witten invariants 

mapping from CP1(sphere) to Riemann surface Σg



(2)  CP1 

Intersection numbers of curves is Gromov-Witten invariant for point.

Instead of a point, manifold(CP1) is considered.

















(3) Open boundary (open intersection numbers)

Kontsevich-Penner (Airy + log potential) model





negative p (analytic continuation)

p= -2   unitary matrix model with an external 
source C

Brezin –Gross model  ( 1980)

SU(2)/U(2) --->  SL(2,R)/O(2)  = H2 (upper half plane)







Summary:

Gaussian random matrix with an external 
source is a useful tool for duality and topology,

and many applications.
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