Defining IKKT matrix model by
gauge fixing Lorentz symmetry

Worapat Piensuk
SOKENDAI (#28FX) D2

KEK Theory Workshop 2024
12 December 2024



Outline

* Brief review of IKKT matrix model
 Artifacts from Lorentz-breaking regularization
* Defining Lorentzian IKKT model

* Summary



Definition of IKKT matrix model

Ishibashi-Kawai-Kitazawa-Tsuchiya [hep-th/9612115]

 The IKKT |: '
e IKKT mode 7 = / dAdy e where S =9, + S
Non-perturbative formulation

of superstring theory N
Bosonic: S}, = _Ztr[Am A, |[AH, A”]

Fermionic: S = —%tr (EQ(F“)QB [Aua¢5])

* Shift symmetry A, - A, + «,1 = Translation in SUSY Spacetime emerges

—> Eigenvalues of A, = spacetime coordinates dynamically



The mass term as IR regulator Pfaffian: real

polynomial in 4,

* Lorentzian model is not absolutely convergent 2 = /d Ale™>"Pf M(A)

* To regularize: Adding the Lorentz-invariant mass term as an IR regulator
Hatakeyama et al. [2201.13200]
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S=5+Sn Sm= §N7 [e TI(A0)2 — € TI(A@')Z} € : convergence factor

Bosonic model with mass term X
e Classical equation of motion: A, — A, = A,//|7|

7 = /dA ¢! S (72 & %) “classical limit” — [A” [A4,,A,]] —vA, =0



Complete set of classical solutions

At N — oo, non-trivial solutions 4, # 0 with expanding

D-dimensional bosonic model at N=2 behaviour appears only at ¥ > 0. Steinecker [1709.10480]
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Divergent partition functions

* Non-trivial solutions break Lorentz symmetry = Flat directions

 Consequences of non-compact flat directions

1. Divergent partition functions Use method similar to Hotta-Nishimura-Tsuchiya [hep-th/9811220]

Solutions Trivial Pauli (P) squashed Pauli (SP)
7 finite c— (%5 —6) e~ (D=3)

“The most diverging partition function = The most dominant configuration”

ZP/ZSP ~ finite
| -0
c>0 3 SP 6 P o

Prediction: I




Numerical confirmation of divergence

SP at D=3 Prediction: p=0

S ~ € tr(Ag) — e "Ctr(A?)
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Numerical confirmation of transition

Ti; = tr(A;A;) # of large eigenvalues A; = spacetime dimensionality

. . 2
Characteristic polynomial Order parameter |<a3/a?{>|
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C

lassicalization

* Hessian controls fluctuations around saddles Asano-Nishimura-WP-Yamamori [2404.14045]

fluctuations flat directions

O =l /" tr(Ap+6Ap)? + tr(Aj+640)2 = A+ A | tr(AgdAg) + tr(A0A,) =0

tr(A¢) + tr(4j%) = A “constraints on fluctuations”

68 = 6A, H,,(A)SA, = 6A, H,,(A') A,

85(A,) is finite = Find eigenvalues of H,,,(A4")

Eigenvalues of H,,,(A%,) # of finite eigenvalues
Solutions sl check D
Divergent Finite ]
P 4 2 classicalizesat D — oo

SP 4 D -3 classicalizesonlyat D = 3




Numerical confirmation of classicalization (SP)
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Numerical confirmation of classicalization (P)
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Gauge fixing Lorentz symmetry

* Divergent partition function & classicalization are artifacts of Lorentz-breaking cutoff

Simulation evidence for the need of

. £ c e e . 2
We gauge-fix Lorentz symmetry by minimizing tr(4g) gauge fixing: Hirasawa et al. [2407.03491]

N. Yamamori’s talk

d
Zys = / dA P PEM(A) App[A] [ ] 0(tr(A0A:))

T i=1

App|A] = det (tr(A%)l + tr(4;4;))

* Classical solutions are modified by FP determinant A. Tripathi’s talk

Lefschetz thimble: A. Tripathi’s talk

* Numerical simulations has been done ,
CLM: N. Yamamori’s talk



Summary

* We show the artifacts of introducing Lorentz-breaking cutoff

1. Partition functions around non-trivial solutions are divergent

2. Only classical contribution of Lorentz-invariant observables survives and
discuss the mechanism at certain dimensions (D=3 for SP and D — oo for P)

* We propose a new definition of IKKT model by gauge fixing Lorentz symmetry

* Prospects:

e Larger N
& Discuss dimensionality and expansion behaviour

* Include fermionic term



Back up



Classical solutions with expanding behaviour

Bosonic model with mass term X
« Classical equation of motion: A, = A, = A,/v/|7|

7 = /dA ei7" Sl (72 & %) “classical limit” —— [AY [A4,,A,]] — 74, =0

0.7

Hatakleyama-l\/la'ésu moto-Nighimura—
06 - Y Tsuchiya-Yosprakob [1911.08132] .

0.5

e There are non-trivial solutions Au * 0

with expanding behaviour at y > 0.
No such solutionsat y < 0 Steinecker

[1709.10480] 04 |

* 3D space are expected with fermions. =03 - .

Configurations A, with A; = A, # 0 0.2 |- ]

and A;_19 = 0 gives Pf(M) =0. = suppressed 01 L |
Krauth-Nicolai-Nishimura [hep-th/9803117] 0 | | |

-1 —-0.5 0 0.5 1

Nishimura-Vernizzi [hep-th/0003223] | ¢



