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Linear algebra (Classical)

 Matrix A
* Provided b
* Find x
» Classical methods: Ax

* Invert A and apply (or LU with
back-substitution)

* O(N83) by LU decomposition

|
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A. Dayton, et. al., arxiv: 2604.25625



Quantum methods

<@> = Tr(p0O) = (‘P| O | ‘P) HHL (2009)

with p =¥} (¥| and & =f(A)

1
(0) = Tr(p0O) = N Zf(Ek)<k|P |k)  Dual algorithm
k

T.E. Baker, arxiv: 2504.19185



superposition of
eigenstates?



Chaos

Classical
* Non-linear equations

 Small deviations in initial
conditions

* Big changes in outcomes

Quantum

* Not really well defined!

* Unitarity of time-dynamics
U0 |w(0)) = |w(@))

WUU =1
* Liouville’s theorem . Reversible
1" 1 «
(0); = T L O(t, x)dt = N Z O(x, 1;) Is there no chaos in quantum physics?
i=1



Random matrix theory

* Think of energy levels as random

* Energy-time uncertainty
AEAt > h/2

* Prediction:

} AE

Omn = O(E)bmn + € SE) g(E, w) Ry,
 Eigenstate thermalization hypothesis

(¥(1)|O1¥(t)) = Tr(I'O) |
T.E. Baker, arxiv: 2504.19185



Thermalization

ED vs TN XXZ Time Evolution (Neel State, Ns=12, x=128)
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J. Morais, et. al. (coming soon)




Quantum Volume

Quantum computers

* Thermalization times
* Increases like qubits
« Exception: many-body localization
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ETH-summation

* Operator
é — A ® Y <e.g.,ﬁ:/3 and Y:diag(El_l,Ez_l,...EAjll>>

* Quantum phase estimation
QPE| k) |0)®™ = | k)| E})
* Circuit

(0) = (¥(0) | (0[®" (QPENG(QPE) | ¥(1) [ 0)®" = Tr (')

*recovery of the microcanonical ensemble T.E. Baker, arxiv: 2504.19185



Preview: thermalization |
» Flexible

Precison Tomography  Extends to integrable
e
— Tr(p0(w))  Generalized Gibbs

- . ensemble

» Solves all wavefunctions

- Quantum Phese in one set of
measurements
-  Generalisable

Single Measurement

L.D. Adams, et. al., submitted



Logarithm-determinants

Quantum field theory Statistical thermodynamics
iS[p] 0
Z = [ Dype E=——InZ
op
Correlation functions Matrix inverses
9 ( 9 ) g 0

InZ = (C;,(T)Cjx (Y T —— Indet(X
0J(z) \ 8J(y) o~ (Ge@)a Jij = 0x;; (X)

T.E. Baker, J. Greasley, arxiv: 2501.09413



Gradients of logarithm-determinant
Y (k|Alk) = Vindet(d)
k

Thermalization error vs. sample size Error scaling with precision bits
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L.D. Adams, et. al., submitted




Conclusion

* ETH-summation

* Thermalization

» Scaling like BQP

» Applies to a wide variety of problems
* Runs on real hardware
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