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Open many-body systems
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Entanglement growth

Unitary evolution in a quantum many-body system leads to a
growth of entanglement (as quantified by the entanglement

entropy).
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® Example:
Projective measurement

Entanglement growth
The growth of the entanglement can be

contrasted by performing local
measurement during the evolution (the ... back to separable state

environment can “measure” the system) 0) @\1} ®|1> ®|0> @\1} 0)
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What are the consequences of the | | | |
competition between unitary
evolution and local (generalized)

measurement ?
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Dynamics of monitored many-body systems



Entanglement/(measurement induced) transitions
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Entanglement/(measurement induced) transitions
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with probability given by the Born rule

P(p) = (Y| K Ky |y)




Kraus operators
1)

Two cases

Ko = /p|0){0] K1 = /p[1){1]

time

2)

Ko = /p|0)(0] K1 = /p|0){1]




Kraus map

p = Z Koszg;

From Kraus to Lindblad equation Ky=1—dt (,H ; 7T L>




Open systems - quantum trajectories Monitored systems

Consider for the moment projective measurements. After n-steps of the evolution the wave-function |¢(t)>72

At each stage one record the result of the will depend on the measurement record
measurement m. This data set forms a trajectory

“Two types” of averages
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— Averaging the state over all trajectories is equivalent to evaluate the
| | | | m2 average over the density matrix. This is because it is a linear quantity
O in the state.
S Z/{ If one consider non-linear (in the state) quantities, performing the
R R averages in different order will make a difference.
+~ | | | | m 1 Example of such a quantity is a block entropy
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tame

The K-operations are projective measurements
along the z-direction

The average density matrix in the long-time
limit approaches the identity. All averages of
observables are trivial.

] IM |
‘\0> *\0> $|0> *\0> $|0> $|O>

Open systems - quantum trajectories

Unitary evolution leads to volume-law in the
entanglement

Non-unitary local operations favour a
separable state (area - law)
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Measurement-induced criticality in (2+1)-d hybrid quantum circuits
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Measurement-induced criticality in long-range hybrid quantum circuits
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In the case of power-law distributed gates the universality class of the phase transition changes
continuously with the parameter controlling the range of interactions.

o

For intermediate values of the control parameter, we find a non-conformal critical line which
separates a phase with volume-law scaling of the entanglement entropy from one with sub-
extensive scaling. Within this region, the entanglement entropy and the logarithmic negativity
present a cross-over from a phase with algebraic growth of entanglement with system size, and an

area-law phase
S. Sharma, X. Turkeshi, R. Fazio, and M. Dalmonte, SciPost Phys. Core 023 (2022)



Open systems - Steady state
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Symmetry breaking mixed
(dissipative phase transitions) non-equilibrium

correlations vs quantum correlations (entanglement)



Dissipative vs Entanglement transitions “
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A new framework to simulaneously investigate dissipative and measurement-induced phase transitions in experimentally

realizable in trapped ions. A kicked Ising model with resetting

Both a DPT and a MIPT emerge as a result of the interplay between the unitary dynamics and the ran- dom quantum
measurements.

Ko = +/p|0){0 The non-unitary consists in a local resetting
where spins are independently reset to the
K = \/]77‘0> <1‘ down state with probability p
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P. Sierant, G. Chiriaco, F.M. Surace, S. Sharma, X.Turkeshi, M. Dalmonte, R. Fazio, and G. Pagano, Quantum 6, 638 (2022)



Phase Diagram
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A region of coexistence of the ordered
phase and the area law phase appears
for intermediate values of p.
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—— Entanglement
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Qualitative diagram of the interplay between ordering
and entanglement transition as a function of the range
of interactions a and the resetting probability p

P. Sierant, G. Chiriaco, F.M. Surace, S. Sharma, X.Turkeshi, M. Dalmonte, R. Fazio, and G. Pagano, Quantum 6, 638 (2022)
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