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Methodology

Incomplete Reference List

Lattic/Matrix Bootstrap

Loop equations - Migdal 83’

Pure YM - Anderson and Kruczenski 16’

Matrix Bootstrap - Henry Lin 20’

Matrix Quantum Mechanics - Han, Hartnoll and Kruthhoff 20’

Many body - Han 20’

Pure YM + Relaxation - Kazakov and Zheng 22’

Lattice Ising - Cho, B.G., Lin, Rodriguez, Sandor and Yin 22’

BFSS - Lin 23’

Bernstein et. al. 21’-24’
Nancarrow and Xin 22’
Goluskin 15’ for Classical version
Cho, Sun 23’ Convergence properties for Lattice Ising
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Methodology

Positivity
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Methodology

Equations of Motion
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Methodology

Rigorous Truncation

We only consider a subset of observables and all the constraints that close
on that subset.

Examples

Pure YM - all loops up to length N

MQM with polynomial potential - Single trace monomial moments

Matrix integral - same

Statistical model with discrete DOF - a cluster of sites
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Matrix Quantum Mechanics

Matrix Quantum Mechanics

QM system of N × N traceless Hermitian matrices

Holography

Many conjectured dualities with string theory
c = 1 as a double scaling limit
BFSS and M-theory
. . .

Large N - traditional methods (e.g. M.C.) struggle

Finite Temp

Black Hole Physics

Phase transitions (e.g. Aharony Marsano Minwalla Papadodimas 04’)
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Finite Temperature Bootstrap

KMS states

Can be defined as:
ρβ =

∑
n

|n⟩e−βEn⟨n|

Equivalently, they are defined via the condition,

⟨O1O2⟩β = ⟨O2e
−βHO1e

βH⟩β , ⟨O⟩β ≡ tr [O ρβ] .
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Finite Temperature Bootstrap

Thermal Bootstrap

Define,

Aij = ⟨O†
i Oj⟩β ,

Bij = ⟨OjO†
i ⟩β ,

Cij = ⟨O†
i [H,Oj ]⟩β ,

The constraints from the intro are,

A ≽ 0 , ⟨[H,O]⟩β = 0
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Finite Temperature Bootstrap

Thermal Bootstrap

Fawzi, Saunderson, Parrilo 18’
Fawzi, Fawzi, Scalet 23’

Aij = ⟨O†
i Oj⟩β , Bij = ⟨OjO†

i ⟩β , Cij = ⟨O†
i [H,Oj ]⟩β .

Yet another formulation is that the KMS state satisfies in addition,
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Some Results

Anharmonic Oscillator
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Some Results

Ungauged 1-MQM

Bootstrap the following one matrix quantum mechanics (MQM),

H =
1

2
Tr(P2) + Tr

(
1

2
X 2 +

g

N
X 4

)
.
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Some Results

Ungauged 1-MQM
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Some Results

Ungauged 1-MQM - how good?
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Some Results

Ungauged 1-MQM - asymptotic expansions
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Some Results

Ungauged 1-MQM - negative g
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Some Results

2-MQM example - YM MQM

H = tr(P2
X + P2

Y +m2(X 2 + Y 2)− g [X ,Y ]2) (1)
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Summary

Summary

Based on a notion of positivity and the EOM

Can compute various quantities numerically but rigorously

No issues with sign problem

No issues with large N

Served hot
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