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1. Introduction
 Lorentzian version of the IIB matrix model
 A non-perturbative formulation of superstring theory

4. Evaluating the time evolution
Structure of matrices

 Eigenvalues of 𝐴0 represent the “real time” coordinates.
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2. Effects of the fermion action
 Fermion action
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Eigenvelues of 𝑇𝑖𝑗 𝑡 represent the extent in each spatial direction.

5. Numerical result
 SSB from SO(𝑑) to SO(3)
There exists a critical value

such that the SSB occurs for
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3. Bosonic IIB matrix model

 Expanding behavior of 3d space
 at early times

 at late times

Constraint :
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6. Summary

 Note: No need for any temporal cutoffs.

• It turns out that the SSB from SO(𝑑) to SO(3) occurs even in the bosonic
IIB matrix model.

Partition function in simulations

The time has a finite extent without any cutoffs.
There exists a critical matrix size
such that the SSB occurs for

 Bosonic 1-loop effect
attractive force
Time extent becomes finite.

.

• Scaling of R(t) is confirmed at late times, where the expanding behavior
changes from exponential expansion into a power-law (𝑡 1/2 ).
It may be interpreted as the transition from inflation to radiation dominated
FRW universe.

