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Measurement-induced phase transition (MIPT)
Random quantum circuits with non-unitary evolution

Unitary evolution + measurements
local projective or weak measurements

Tune measurement rate, measurement strength, etc., ..
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Can there be “measurement-induced phase transition” in the “classical limit"?

Outline/Summary

o Semiclassical limit of a model of continuous weak

measurements
= Stochastic Langevin equation
noise/dissipation «« “measurement strength”

o Noise/measurement induced chaotic to non-chaotic

transition in coupled oscillators
Stochastic synchronization transition
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Quantum model of weak measurements i1 i i1
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Time Evolution

Measurement + feedback

Limit of continuous weak measurement A= o7
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Semiclassical limit, small A

Expand in A& while scaling A ~ h?

= Stochastic Langevin equation

d?x; dx; 1 vV ({x;})
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(n:(On;(t)) = 2myT8;6(t — ¢') Noise strength ~ yT ~ %

o« measurement strength
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Effective temperature 7 ~ 7~ ~ Vh

Long-time steady state (non-equilibrium steady state) =

Classical Boltzmann distribution ~ exp [— —HS({’;f'pi})]



Integrable and non-integrable anharmonic chains of oscillators
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Two models:

1. Non-integrable model
Anharmonic coupled oscillators

V@) = ) [ Gen =102+ G = 5]

2. Integrable model
Toda chain
a

V({x;}) = z [%e‘b(xiﬂ‘xi) + a(x;41 — x;) — —]

N constants

b of motion



Can one meaningfully define chaos in the presence of noise?
System is randomly kicked at each instant of time.

Noise strength, y # 0
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Take exactly the same noise realizations for the two copies
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» Thermal initial condition at temperature T is generated using Langevin dynamics



Noise-induced chaotic to non-chaotic transition

Non-integrable model, Anharmonic oscillators H-W--WW-O-WW-0-WWQ
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Light cone and butterfly velocity
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o Light cone is destroyed for u < u,.(y).



Dynamical transition and finite-size scaling
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o The transition shows critical scaling.

o The critical exponents do not match with known universality classes
like directed percolation (DP) or multiplicative noise (MN)

Recent works on chaotic transition in classical systems
Willsher et al. PRB (2022); Deger et al. PRLs (2022)

- DP universality class



Noise-induced chaotic to non-chaotic transitions in Toda chain

Integrable model  V({x;}) = z [%e_b(xf“_xf) +a(xj1 — x5) — %]
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Lyapunov exponent o A; = 0, vg — large in the

integrable limit y — 0.
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o Weak noise induces weak chaos in .
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Summary and conclusion

o Semiclassical limit of a model of continuous weak

measurements
= Stochastic Langevin equation
noise/dissipation «« “measurement strength”

o Noise/measurement induced chaotic to non-chaotic transition
Stochastic synchronization transition .
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