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Analytic and numerical study of nonperturbative formulation for superstring
theory by matrix model
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Superstring theory is the most promising candidate for a unified theory
including gravity. The 11IB matrix model is expected to define superstring theory nonperturbatively.
I studied the model by Monte Carlo simulation with a large scale parallel computation and obtained
the results which suggest that the inflationary and radiation dominated universes emerge dynamically

in the model. I developed a renormalization group method that enables us to effectively obtain
results for a large matrix size by simulating the model with a small matrix size. 1 found how the
model is independent of an infrared cutoff introduced to well-define the model. To gain insights
into deriving geometry from matrices, | calculated entanglement entropy in a scalar field theory on
the fuzzy sphere, which is realized by a matrix model, and obtained a generalized area law for
entanglement entropy. By calculating correlation functions, | also showed that the theory is

renormalizable.



11B
11B
1996
2011 11B
31
11B 2011
2
2
2
2 4
11B
S0(9) S0(3) 8
1) T. Azuma, Y. Ito, J. Nishimura and A.
Tsuchiya, “ A new method for probing
the late-time dynamics in the
Lorentzian type 11B matrix model,™"
1/2 PTEP 2017, 083B03, 1-13 (2017), DOI:



2)

3)

4)

5)

6)

7

8)

D

2)

3)

10.1093/ptep/ptx106

K. Hatakeyama and A. Tsuchiya,
““Correlation functions and
renormalization in a scalar field
theory on the fuzzy sphere, ** PTEP 2017,
063B01,1-15,(2017),D01:10.1093/ptep/
ptx070

Y. Ito, J. Nishimura and A. Tsuchiya,
“ Universality and the dynamical
space-time dimensionality in the
Lorentzian type IIB matrix model,”
JHEP 1703, 143, 1-19 (2017), DOI:
10.1007/JHEP03(2017)143

M. Suzuki and A. Tsuchiya, A
generalized volume law for

entanglement entropy on the fuzzy
sphere,*® PTEP 2017, 043B07, 1-14
(2017), DOI: 10.1093/ptep/ptx039

A.  Tsuchiya, ~“Exponential and
power-law expansion of the Universe

from the type I1B matrix model,"*"
PoS CORFU 2015, 112 (2016).

Y. Ito, J. Nishimura and A. Tsuchiva,
““Large-scale computation of the
exponentially expanding universe in a
simplified Lorentzian type 11B matrix
model,** PoS LATTICE 2015, 243, 1-7
(2016).

S. Okuno, M. Suzuki and A. Tsuchivya,
““Entanglement entropy in scalar field
theory on the fuzzy sphere,” PTEP 2016,
023B03,1-12(2016),D01:10.1093/ptep/p

tv192

Y. Ito, J. Nishimura and A. Tsuchiva,
““Power-law expansion of the Universe
from the bosonic Lorentzian type 11B
matrix model,” JHEP 1511, 070 1-22
(2015), DOI: 10.1007/JHEP11(2015)070

23
““Exponential and power-law

expansion of the Universe from the type
11B matrix model,”

Numerical  approaches to the

holographic principle, quantum gravity
and cosmology

2005 7 21 7 24

““Exponential and power-law

expansion of the Universe from the type

11B matrix model,” Corfu 2015 Workshop

on Noncommutative Field Theory and
Gravity
21 9 27

2015 9

4)

working seminar
2015 7 10
““Exponential and power-law
expansion of the Universe from the type
11B matrix model,”
2015
2015

5

6)

7

8)

9)

10)

11)

2016

““Entanglement Entropy on
the fuzzy sphere” , East Asia Joint
Workshop on Fields and Strings, 2016

““Entanglement Entropy on
the fuzzy sphere” , International
Workshop on ~“Theoretical Particle
Physics 2016” , 2016

““Entanglement Entropy on
the fuzzy sphere” ,

Progress in Quantum Field Theory
and String Theory 11 2017

““Entanglement Entropy on
the fuzzy sphere” ,
2016,
2016
“ Correlation functions and
renormalization in a scalar field
theory on the fuzzy sphere” , Discrete
Approaches to the Dynamics of Fields
and Space-time, 2017
“ Appearance of chiral zero
modes from classical dynamics of the
type IIB matrix model” , East Asia
Joint Workshop on Fields and Strings
2017, KEK Theory workshop 2017,

2017

12



https://wwp.shizuoka.ac. jp/tsuchiya/

@D
Tsuchiya, Asato
20294150
®
®

*



