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Quantum mechanics is hard to digest

\ “I think | can safely say that nobody
| .y o
understands quantum mechanics.

- Richard Feynman




The measurement problem

Can measurement itself be described by a physical process?

Dourdent, Hippolyte. "A Quantum Godelian Hunch." arXiv preprint arXiv:2005.04274 (2020).



Collapse of the wavefunction

Pre-measurement *

Non-unitary!

Hj> \w:Jfb p=13*)

When does the “collapse” happen?

* Strasberg, Philipp, Kavan Modi, and Michalis Skotiniotis. "How long does it take to implement a projective measurement?." European Journal of Physics 43.3 (2022): 035404.



Decoherence

Entangled with the environment

Schlosshauer, Maximilian. "Decoherence, the measurement problem, and interpretations of quantum mechanics." Reviews of Modern physics 76.4 (2005): 1267.



Heisenberg’s uncertainty relations :

AzAp > L AEAt > 1
Conjugate observables Energy-time
(well understood!) (wtf?)

Say my name...




Time scale of the evolution: Quantum Speed Limits

Mandelstam and Tamm
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Non-Markovian dynamics

QSL have been used to can speed up quantum
explore the limits of processes :
computation and Verified in a cavity QED

complexity. [1] experiment. [2]

[1] Lloyd, Seth. "Ultimate physical limits to computation.” Nature 406.6799 (2000): 1047-1054.

[2] Deffner, Sebastian, and Eric Lutz. "Quantum speed limit for non-Markovian dynamics." Physical review letters 111.1 (2013): 010402.



Geometric approach:
The shortest path between distinguishible quantum states.

— 11 PBp(t491), p(1))
vlE) = i, =

= o/ Ta(p(t)

Information-Time Uncertainty relation:
Fast observable dynamics requires large fluctuations.

AT [QZI

Taddei, Marcio M., et al. "Quantum speed limit for physical processes." Physical review letters 110.5 (2013): 050402.

Garcia-Pintos, Luis, et al. "Unraveling quantum and classical speed limits on observables.” APS March Meeting Abstracts. Vol. 2021. 2021.



Timescale bound

How much time T does it take for a car to run a distance d?

Need to make some assumptions and solve complex differential equation to know the dynamics



Timescale bound

Tis at least d/Vmax




Timescale bound

This bound can be generalized from cars to quantum states and observables
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Example: spin-boson
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) Example: boson-boson




To sum up:

The decoherence model allows to compute a non-vanishing measurement time.
Quantum speed limits can be used to find a bound in very general scenarios.
Our bound does not require to solve complex differential equations.
Applicable to more than just measurement.

The bound is loose but experimentally testable.



Outlook:

Tightening the bound.
Testbed for non-linear Schrodinger equation.
Influence from exotic environments.

Physics of quantum information (Bremmerman-Bekenstein bound).
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Decoherence measurement
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Time scale bound

Kullback—Leibler divergence

QA oA
|15] < 281 > Sy (SR
maxy |8t8(pQA| |p )| QfA max; AHint*

ASS\/%IH2<A—1)+1=]CA.

Approximately time independent in the strong coupling regime

* Garcia-Pintos, Luis, et al. "Unraveling quantum and classical speed limits on observables." APS March Meeting Abstracts. Vol. 2021. 2021.



Example: Spin-Boson
94 = z[0)[1)=N +y|1) ) =Y o = Q) e Peralan
® Q: 2-level system - Z.
@® A: N spins

® E: multi-mode thermalized bosonic states (harmonic oscillators)

Interaction couples
spins to E-modes H;ﬁf = E E U ® gk ar + a’;i)

Continuum of modes: i=1 k

2 o0
> loi = fo J(w)dw

Time scales inversel h 1 2 o0 _1/2
wihNandcouping. > T = - (/ J(w) coth(,@w/Q)dw)
strength 2N 0




Spin-Boson: Analytic expression

2 ¥ —I
pOA — |z Ty ¢
Born-Markov approximation: x*ye_r |y|2

[ — 4N / N J(S“;) (1 — cos(wt /1)) coth(Buw,/2)duw

Solution for relative entropy to equal Our bound

t = h '213%/6) (/:;(w) coth(ﬁw/Q)dw)_1/2 T > 7121}1;2 (/(j}(w) CO1:h(,8u)/2)d¢d) e




Example: Boson-Boson

[p4) = 2]0)]a) + y[1)|—a)
@® Q:2-level system

1
pg _ ® Z_e—ﬁwka
@ A: Catstate . Ok

@® E: multi-mode thermalized bosonic states (harmonic oscillators)

Interaction couples A- Hﬁf — Z gk‘(a’k‘b_r —|_ a’Lb)
k

modes to E-modes

Our bound: Experimental paper [1]: Due to different

Hamiltonian

Scales inversely with |ac| Scales inversely with |ac|?

[11 M. Brune,, et al. Observing the progressive decoherence of the “meter” in a quantum measurement (1996). Physical review letters, 77(24) 4887.



Tightening the bound

_ S pRNe=o b S(p2pR) o
B max; |8{;S()OQA||[3 )| f 2fA max; A]{ult

Middle inequality ‘fixes’ N vs VN discrepancy in
spin-boson example

10:S (p2A|pN| < ASVI < 2ASAHAE 4

nt
maX(AS) = fA ‘Cannot be
saturated

[1]1 L. P. Garcia-Pintos, et al. Unifying quantum and classical speed limits on observables (2022). Physical Review X, 12(1), 011038.
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