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g ¼ ð
ffiffiffi
5

p
þ 5Þ=8 ¼ 0:9045 . . . and set the interaction J¼1

(and also set the Planck constant @ to one); all results
reported here are for these values. Our qualitative results
and conclusions do not depend on these parameter choices
as long as g, h, and J are all of similar magnitude to each
other to keep the system robustly nonintegrable [18]. Note
that the magnitude of the energy ‘‘cost’’ to flip a spin in the
bulk, from the applied longitudinal field and its interactions
with its neighbors, is 2h or 4J % 2h. To keep the end sites
similar in this respect to the bulk, we reduce the strength of
the longitudinal field on the end spins by J. This is to avoid
having some slow low-energy modes near the ends that
introduced small additional finite-size effects when we
also applied the same magnitude of longitudinal field to
the end spins.

This Hamiltonian has one symmetry, namely, inverting
the chain about its center. We always work with even L, so
the center of the chain is on the bond between sites L=2 and
ðL=2Þ þ 1. This symmetry allows us to separate the sys-
tem’s state space into sectors that are even and odd under
this parity symmetry and diagonalize within each sector
separately. Any mixed parity state can be obtained from a
linear combination of even and odd parity states. The
statistics of energy-level spacings within each parity sector
of this nonintegrable Hamiltonian should follow Gaussian
orthogonal ensemble statistics [19]. There are 32 896 en-
ergy levels in the even sector for L ¼ 16, the largest system
we have diagonalized. Their level spacing statistics is
in excellent agreement with the ‘‘r test’’ introduced in
Ref. [20] and the Wigner-like surmise described in
Ref. [21], as expected, indicating that this is indeed a
robustly nonintegrable model with no extra symmetries
(see the Supplemental Material [18]).

First, we consider the time evolution of the bipartite
entanglement across the central bond between the two
halves of the chain. We quantify the entanglement entropy
in bits using the von Neumann entropy SðtÞ ¼
&tr½!AðtÞlog2!AðtÞ( ¼ &tr½!BðtÞlog2!BðtÞ( of the proba-
bility operators (known as reduced density matrices) at
time t of either the left half (A) or the right half (B) of
the chain. As initial states, we consider random product
states (with thus zero initial entanglement) jc ð0Þi ¼
js1ijs2i . . . jsLi, where each spin at site i initially points
in a random direction on its Bloch sphere

jsii ¼ cos
"
"i
2

#
j"iiþ ei#i sin

"
"i
2

#
j#ii; (2)

where "i 2 ½0;$Þ and#i 2 ½0; 2$Þ. Such an initial state is
in general neither even nor odd and thus explores the entire
Hilbert space of the pure states as it evolves with unitary
Hamiltonian dynamics. This ensemble of initial states
maximizes the thermodynamic entropy and thus corre-
sponds to infinite temperature. For each time t, we generate
200 random initial product states, let them evolve to time
t, compute SðtÞ for each initial state, and then average.

By doing so, the standard error at each time is uncorrelated.
The results are shown in Fig. 1. Ballistic linear growth of
SðtÞ at early time is clearly seen, and the growth rate before
the saturation is independent of L. (Note that there is an
even earlier time regime at t ) 1 where the entanglement
initially grows as *t2j logtj; this regime is just the initial
development of some entanglement between the two spins
immediately adjacent to the central bond.)
In the long-time limit, the time evolved state, on aver-

age, should behave like a random pure state (a random
linear combination of product states). In Ref. [22], it is
shown that the average of the entanglement entropy of
random pure states is

SR ¼ log2m& m

2n ln2
&O

"
1

mn

#
; (3)

where m and n are the dimension of the Hilbert space in
each subsystem, with m + n. Since m ¼ n ¼ 2L=2 in our

FIG. 1 (color online). (a) Spreading of entanglement entropy
SðtÞ for chains of length L. Initially, the entanglement grows
linearly with time for all cases, with the same speed v ffi 0:70.
Then, the entanglement saturates at long time. This saturation
begins earlier for smaller L, as expected. The linear fit function
is fðtÞ ¼ 0:70t. Standard error is less than 0.04 for all points, and
thus the error bars are only visible at early times. (b) Same data
scaled by the infinite-time entropy for each L. Note that we use
logarithmic scales both here and in Fig. 2.
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FIG. 4. S60(t) for the quench from h0 = ∞, 5, 2, 1.5, 1.1 to h = 1. The dashed lines are the
leading asymptotic results for large ! Eq. (3.19).

case the curves show for t < t∗ a linear regime, in agreement with CFT. However, decreasing
h0 the time dependence for t > t∗ becomes sharper, i.e. S!(t) reaches the asymptotic value
much faster than in the case h0 = ∞. Thus the curves look more similar to the CFT result.

In Fig. 4 the dashed lines are the leading asymptotic results for large ! as given by Eq.
(3.19). Note that decreasing h0, the positivity of the corrections to Eq. (3.19) is more and
more apparent. In this case, it can be partially attributed to a non-vanishing value for t = 0,
that results in a finite shift of the entire curve.

3. Quench from h0 = ∞ to h > 1.

In the lattice calculation we are performing we are not restricted to study the critical
evolution. Thus, to understand how the entanglement entropy is affected by a non-critical
evolution, we can simply diagonalize Γ!

A for h "= 1. As a first case, we consider a quench from
h0 = ∞ to a non critical value h > 1. The numerical results, for fixed ! = 100, are shown
in Fig. 5. The curves appear very similar to each other, and in particular to the critical
case. There are two time regimes as in the critical case. The crossover from the linear to
non-linear regime is always at t∗ # !/2, independently of ! and h. A quite unexpected fact
is that the all the curves fall on the same master curve, when rescaled according to S100(∞)
(see the inset in Fig. 5). We have no simple explanation for this.
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Entanglement growth |ψ(0)〉

|ψ(t)〉
U(t)

|ψ(t)〉

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

Entanglement entropy|ψ(t)〉
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<latexit sha1_base64="q/01W7ZICjdbVHEEb8TVW3GmV0A=">AAAB63icdVBNSwMxEM36WetX1aOXYBE8LbtVa70VvXisYD+gXUo2nW1Dk+ySZIVS+he8eFDEq3/Im//GdLuCij4YeLw3w8y8MOFMG8/7cJaWV1bX1gsbxc2t7Z3d0t5+S8epotCkMY9VJyQaOJPQNMxw6CQKiAg5tMPx9dxv34PSLJZ3ZpJAIMhQsohRYjKJCeiXyp577vmX1VPsuV6GjNT8Sg37uVJGORr90ntvENNUgDSUE627vpeYYEqUYZTDrNhLNSSEjskQupZKIkAH0+zWGT62ygBHsbIlDc7U7xNTIrSeiNB2CmJG+rc3F//yuqmJasGUySQ1IOliUZRybGI8fxwPmAJq+MQSQhWzt2I6IopQY+Mp2hC+PsX/k1bF9auuf3tWrl/lcRTQITpCJ8hHF6iOblADNRFFI/SAntCzI5xH58V5XbQuOfnMAfoB5+0Tb1SOgg==</latexit> ti
m
e

<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i

<latexit sha1_base64="q/01W7ZICjdbVHEEb8TVW3GmV0A=">AAAB63icdVBNSwMxEM36WetX1aOXYBE8LbtVa70VvXisYD+gXUo2nW1Dk+ySZIVS+he8eFDEq3/Im//GdLuCij4YeLw3w8y8MOFMG8/7cJaWV1bX1gsbxc2t7Z3d0t5+S8epotCkMY9VJyQaOJPQNMxw6CQKiAg5tMPx9dxv34PSLJZ3ZpJAIMhQsohRYjKJCeiXyp577vmX1VPsuV6GjNT8Sg37uVJGORr90ntvENNUgDSUE627vpeYYEqUYZTDrNhLNSSEjskQupZKIkAH0+zWGT62ygBHsbIlDc7U7xNTIrSeiNB2CmJG+rc3F//yuqmJasGUySQ1IOliUZRybGI8fxwPmAJq+MQSQhWzt2I6IopQY+Mp2hC+PsX/k1bF9auuf3tWrl/lcRTQITpCJ8hHF6iOblADNRFFI/SAntCzI5xH58V5XbQuOfnMAfoB5+0Tb1SOgg==</latexit> ti
m
e



Entanglement growth
The growth of the entanglement can be 
con t ras ted by pe r fo rm ing loca l 
measurement during the evolution (the 
environment can “measure” the system)

X Example:

Projective measurementX

<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i

<latexit sha1_base64="q/01W7ZICjdbVHEEb8TVW3GmV0A=">AAAB63icdVBNSwMxEM36WetX1aOXYBE8LbtVa70VvXisYD+gXUo2nW1Dk+ySZIVS+he8eFDEq3/Im//GdLuCij4YeLw3w8y8MOFMG8/7cJaWV1bX1gsbxc2t7Z3d0t5+S8epotCkMY9VJyQaOJPQNMxw6CQKiAg5tMPx9dxv34PSLJZ3ZpJAIMhQsohRYjKJCeiXyp577vmX1VPsuV6GjNT8Sg37uVJGORr90ntvENNUgDSUE627vpeYYEqUYZTDrNhLNSSEjskQupZKIkAH0+zWGT62ygBHsbIlDc7U7xNTIrSeiNB2CmJG+rc3F//yuqmJasGUySQ1IOliUZRybGI8fxwPmAJq+MQSQhWzt2I6IopQY+Mp2hC+PsX/k1bF9auuf3tWrl/lcRTQITpCJ8hHF6iOblADNRFFI/SAntCzI5xH58V5XbQuOfnMAfoB5+0Tb1SOgg==</latexit> ti
m
e

X X X X X X<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="zDfJ8BDTHHERJ+HzwTCwUWhrIKg=">AAAB8XicdVBNS8NAEJ34WetX1aOXxSJ4CknVWm9FLx4r2A9sQ9lsN+3SzSbsboQS+y+8eFDEq//Gm//GbRpBRR8MPN6bYWaeH3OmtON8WAuLS8srq4W14vrG5tZ2aWe3paJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fDnz23dUKhaJGz2JqRfioWABI1gb6fbeRT2JxZDTfqns2KeOe149Ro7tZMhIza3UkJsrZcjR6Jfee4OIJCEVmnCsVNd1Yu2lWGpGOJ0We4miMSZjPKRdQwUOqfLS7OIpOjTKAAWRNCU0ytTvEykOlZqEvukMsR6p395M/MvrJjqoeSkTcaKpIPNFQcKRjtDsfTRgkhLNJ4ZgIpm5FZERlphoE1LRhPD1KfqftCq2W7Xd65Ny/SKPowD7cABH4MIZ1OEKGtAEAgIe4AmeLWU9Wi/W67x1wcpn9uAHrLdPTgmQsQ==</latexit>

|1i
<latexit sha1_base64="zDfJ8BDTHHERJ+HzwTCwUWhrIKg=">AAAB8XicdVBNS8NAEJ34WetX1aOXxSJ4CknVWm9FLx4r2A9sQ9lsN+3SzSbsboQS+y+8eFDEq//Gm//GbRpBRR8MPN6bYWaeH3OmtON8WAuLS8srq4W14vrG5tZ2aWe3paJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fDnz23dUKhaJGz2JqRfioWABI1gb6fbeRT2JxZDTfqns2KeOe149Ro7tZMhIza3UkJsrZcjR6Jfee4OIJCEVmnCsVNd1Yu2lWGpGOJ0We4miMSZjPKRdQwUOqfLS7OIpOjTKAAWRNCU0ytTvEykOlZqEvukMsR6p395M/MvrJjqoeSkTcaKpIPNFQcKRjtDsfTRgkhLNJ4ZgIpm5FZERlphoE1LRhPD1KfqftCq2W7Xd65Ny/SKPowD7cABH4MIZ1OEKGtAEAgIe4AmeLWU9Wi/W67x1wcpn9uAHrLdPTgmQsQ==</latexit>

|1i
<latexit sha1_base64="zDfJ8BDTHHERJ+HzwTCwUWhrIKg=">AAAB8XicdVBNS8NAEJ34WetX1aOXxSJ4CknVWm9FLx4r2A9sQ9lsN+3SzSbsboQS+y+8eFDEq//Gm//GbRpBRR8MPN6bYWaeH3OmtON8WAuLS8srq4W14vrG5tZ2aWe3paJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fDnz23dUKhaJGz2JqRfioWABI1gb6fbeRT2JxZDTfqns2KeOe149Ro7tZMhIza3UkJsrZcjR6Jfee4OIJCEVmnCsVNd1Yu2lWGpGOJ0We4miMSZjPKRdQwUOqfLS7OIpOjTKAAWRNCU0ytTvEykOlZqEvukMsR6p395M/MvrJjqoeSkTcaKpIPNFQcKRjtDsfTRgkhLNJ4ZgIpm5FZERlphoE1LRhPD1KfqftCq2W7Xd65Ny/SKPowD7cABH4MIZ1OEKGtAEAgIe4AmeLWU9Wi/W67x1wcpn9uAHrLdPTgmQsQ==</latexit>

|1i

… back to separable state

What are the consequences of the 
compet i t ion between uni tary 
evolution and local (generalized) 
measurement ?

Dynamics of monitored many-body systems
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Entanglement/(measurement induced) transitions

Entanglement Transitions
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dynamics and “non-unitary maps” 
may lead to transitions in the 
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steady state
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Entanglement/(measurement induced) transitions
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<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
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<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
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<latexit sha1_base64="Vl1k8qvMhH2cql9iS/CvTUqD3nw=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwbSFNpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3KYRVPTBwOO9GWbmBTFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCPRDySnQArypmgnmaa004sKQ4DTtvB5Grut++pVCwSt3oaUz/EI8GGjGBtpE7aI5gjb9YvVxz7zHEvaifIsZ0MGam71Tpyc6UCOZr98ntvEJEkpEITjpXquk6s/RRLzQins1IvUTTGZIJHtGuowCFVfprdO0NHRhmgYSRNCY0y9ftEikOlpmFgOkOsx+q3Nxf/8rqJHtb9lIk40VSQxaJhwpGO0Px5NGCSEs2nhmAimbkVkTGWmGgTUcmE8PUp+p+0qrZbs92b00rjMo+jCAdwCMfgwjk04Bqa4AEBDg/wBM/WnfVovVivi9aClc/sww9Yb5//hI/0</latexit>
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<latexit sha1_base64="Vl1k8qvMhH2cql9iS/CvTUqD3nw=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwbSFNpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3KYRVPTBwOO9GWbmBTFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCPRDySnQArypmgnmaa004sKQ4DTtvB5Grut++pVCwSt3oaUz/EI8GGjGBtpE7aI5gjb9YvVxz7zHEvaifIsZ0MGam71Tpyc6UCOZr98ntvEJEkpEITjpXquk6s/RRLzQins1IvUTTGZIJHtGuowCFVfprdO0NHRhmgYSRNCY0y9ftEikOlpmFgOkOsx+q3Nxf/8rqJHtb9lIk40VSQxaJhwpGO0Px5NGCSEs2nhmAimbkVkTGWmGgTUcmE8PUp+p+0qrZbs92b00rjMo+jCAdwCMfgwjk04Bqa4AEBDg/wBM/WnfVovVivi9aClc/sww9Yb5//hI/0</latexit>

U

<latexit sha1_base64="Vl1k8qvMhH2cql9iS/CvTUqD3nw=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwbSFNpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3KYRVPTBwOO9GWbmBTFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCPRDySnQArypmgnmaa004sKQ4DTtvB5Grut++pVCwSt3oaUz/EI8GGjGBtpE7aI5gjb9YvVxz7zHEvaifIsZ0MGam71Tpyc6UCOZr98ntvEJEkpEITjpXquk6s/RRLzQins1IvUTTGZIJHtGuowCFVfprdO0NHRhmgYSRNCY0y9ftEikOlpmFgOkOsx+q3Nxf/8rqJHtb9lIk40VSQxaJhwpGO0Px5NGCSEs2nhmAimbkVkTGWmGgTUcmE8PUp+p+0qrZbs92b00rjMo+jCAdwCMfgwjk04Bqa4AEBDg/wBM/WnfVovVivi9aClc/sww9Yb5//hI/0</latexit>
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<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K

<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K

<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K

<latexit sha1_base64="FVvwTfrlEEqZbsbfkEYoKeNWVaU="></latexit>

| 0i = Kµ| iq
h |K†

µKµ| i
.

with probability given by the Born rule

<latexit sha1_base64="unVBGbLneJJf5Wu7CjVTYHvZqqs="></latexit>

P(µ) = h |K†
µKµ| i

<latexit sha1_base64="1O80iM/i4S+zyDeqO/48xx89c5w=">AAACD3icdVDLSsNAFJ34rPUVdelmsPhYhURqHwuh6MZlBfuAJpTJdNIOnUzCzEQosX/gxl9x40IRt27d+TdO2xRU9MCFwzn3cu89fsyoVLb9aSwsLi2vrObW8usbm1vb5s5uU0aJwKSBIxaJto8kYZSThqKKkXYsCAp9Rlr+8HLit26JkDTiN2oUEy9EfU4DipHSUtc8unNjSY+hKxDvMwLPYepixGBjPDXmetcs2FbVdqpnZTgjlWJGSlXoWPYUBZCh3jU/3F6Ek5BwhRmSsuPYsfJSJBTFjIzzbiJJjPAQ9UlHU45CIr10+s8YHmqlB4NI6OIKTtXvEykKpRyFvu4MkRrI395E/MvrJCqoeCnlcaIIx7NFQcKgiuAkHNijgmDFRpogLKi+FeIBEggrHWFehzD/FP5PmqeWU7Kc62KhdpHFkQP74ACcAAeUQQ1cgTpoAAzuwSN4Bi/Gg/FkvBpvs9YFI5vZAz9gvH8BfCecXA==</latexit>

| 0i = U| i



Kraus operators <latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K Two cases

<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i

<latexit sha1_base64="q/01W7ZICjdbVHEEb8TVW3GmV0A=">AAAB63icdVBNSwMxEM36WetX1aOXYBE8LbtVa70VvXisYD+gXUo2nW1Dk+ySZIVS+he8eFDEq3/Im//GdLuCij4YeLw3w8y8MOFMG8/7cJaWV1bX1gsbxc2t7Z3d0t5+S8epotCkMY9VJyQaOJPQNMxw6CQKiAg5tMPx9dxv34PSLJZ3ZpJAIMhQsohRYjKJCeiXyp577vmX1VPsuV6GjNT8Sg37uVJGORr90ntvENNUgDSUE627vpeYYEqUYZTDrNhLNSSEjskQupZKIkAH0+zWGT62ygBHsbIlDc7U7xNTIrSeiNB2CmJG+rc3F//yuqmJasGUySQ1IOliUZRybGI8fxwPmAJq+MQSQhWzt2I6IopQY+Mp2hC+PsX/k1bF9auuf3tWrl/lcRTQITpCJ8hHF6iOblADNRFFI/SAntCzI5xH58V5XbQuOfnMAfoB5+0Tb1SOgg==</latexit> ti
m
e

<latexit sha1_base64="Vl1k8qvMhH2cql9iS/CvTUqD3nw=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwbSFNpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3KYRVPTBwOO9GWbmBTFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCPRDySnQArypmgnmaa004sKQ4DTtvB5Grut++pVCwSt3oaUz/EI8GGjGBtpE7aI5gjb9YvVxz7zHEvaifIsZ0MGam71Tpyc6UCOZr98ntvEJEkpEITjpXquk6s/RRLzQins1IvUTTGZIJHtGuowCFVfprdO0NHRhmgYSRNCY0y9ftEikOlpmFgOkOsx+q3Nxf/8rqJHtb9lIk40VSQxaJhwpGO0Px5NGCSEs2nhmAimbkVkTGWmGgTUcmE8PUp+p+0qrZbs92b00rjMo+jCAdwCMfgwjk04Bqa4AEBDg/wBM/WnfVovVivi9aClc/sww9Yb5//hI/0</latexit>

U

<latexit sha1_base64="Vl1k8qvMhH2cql9iS/CvTUqD3nw=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwbSFNpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3KYRVPTBwOO9GWbmBTFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCPRDySnQArypmgnmaa004sKQ4DTtvB5Grut++pVCwSt3oaUz/EI8GGjGBtpE7aI5gjb9YvVxz7zHEvaifIsZ0MGam71Tpyc6UCOZr98ntvEJEkpEITjpXquk6s/RRLzQins1IvUTTGZIJHtGuowCFVfprdO0NHRhmgYSRNCY0y9ftEikOlpmFgOkOsx+q3Nxf/8rqJHtb9lIk40VSQxaJhwpGO0Px5NGCSEs2nhmAimbkVkTGWmGgTUcmE8PUp+p+0qrZbs92b00rjMo+jCAdwCMfgwjk04Bqa4AEBDg/wBM/WnfVovVivi9aClc/sww9Yb5//hI/0</latexit>

U

<latexit sha1_base64="Vl1k8qvMhH2cql9iS/CvTUqD3nw=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwbSFNpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3KYRVPTBwOO9GWbmBTFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCPRDySnQArypmgnmaa004sKQ4DTtvB5Grut++pVCwSt3oaUz/EI8GGjGBtpE7aI5gjb9YvVxz7zHEvaifIsZ0MGam71Tpyc6UCOZr98ntvEJEkpEITjpXquk6s/RRLzQins1IvUTTGZIJHtGuowCFVfprdO0NHRhmgYSRNCY0y9ftEikOlpmFgOkOsx+q3Nxf/8rqJHtb9lIk40VSQxaJhwpGO0Px5NGCSEs2nhmAimbkVkTGWmGgTUcmE8PUp+p+0qrZbs92b00rjMo+jCAdwCMfgwjk04Bqa4AEBDg/wBM/WnfVovVivi9aClc/sww9Yb5//hI/0</latexit>

U

<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K

<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K

<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K

1)
<latexit sha1_base64="1MkpblcINUI5RZSNbWl7ex6pfo4=">AAACDnicdVDLSgMxFM34rPU16tJNsBRclUzVWhdC0Y3gpoJ9QGcYMmnahmYyY5IRyrRf4MZfceNCEbeu3fk3pg9BRQ9c7uGce0nuCWLOlEbow5qbX1hcWs6sZFfX1jc27a3tuooSSWiNRDySzQArypmgNc00p81YUhwGnDaC/vnYb9xSqVgkrvUgpl6Iu4J1GMHaSL6dv/QRPIWuupE6jUdwCBF0JRZdTqHLpx0NfTuHCkfIOSkdQFRAE0xI2SmWoTNTcmCGqm+/u+2IJCEVmnCsVMtBsfZSLDUjnI6ybqJojEkfd2nLUIFDqrx0cs4I5o3Shp1ImhIaTtTvGykOlRqEgZkMse6p395Y/MtrJbpT9lIm4kRTQaYPdRIOdQTH2cA2k5RoPjAEE8nMXyHpYYmJNglmTQhfl8L/Sb1YcEoF5+owVzmbxZEBu2AP7AMHHIMKuABVUAME3IEH8ASerXvr0XqxXqejc9ZsZwf8gPX2Ce9qms8=</latexit>

K0 =
p
p|0ih0|

<latexit sha1_base64="oZx9L87YCON5oDxgFVhvmCDNk9k=">AAACDnicdVDLSgMxFM34rPU16tJNsBRclUnVWhdC0Y3gpoJ9QGcYMmnahmYyY5IRyrRf4MZfceNCEbeu3fk3pg9BRQ9c7uGce0nuCWLOlHacD2tufmFxaTmzkl1dW9/YtLe26ypKJKE1EvFINgOsKGeC1jTTnDZjSXEYcNoI+udjv3FLpWKRuNaDmHoh7grWYQRrI/l2/tJH8BS66kbqNB7BIUTQlVh0OYUun3Y09O2cUzhy0EnpADoFZ4IJKaNiGaKZkgMzVH373W1HJAmp0IRjpVrIibWXYqkZ4XSUdRNFY0z6uEtbhgocUuWlk3NGMG+UNuxE0pTQcKJ+30hxqNQgDMxkiHVP/fbG4l9eK9GdspcyESeaCjJ9qJNwqCM4zga2maRE84EhmEhm/gpJD0tMtEkwa0L4uhT+T+rFAioV0NVhrnI2iyMDdsEe2AcIHIMKuABVUAME3IEH8ASerXvr0XqxXqejc9ZsZwf8gPX2CfQsmtI=</latexit>

K1 =
p
p|1ih1|

<latexit sha1_base64="s1cCMfyr6W9xozZpn1V+qKZYLBo=">AAACCHicdVDLSsNAFJ3UV62vqEsXDhbBhZakaq0LoehGcVPBPqAJYTKdtEMnD2cmQglduvFX3LhQxK2f4M6/cZpGUNEDFw7n3Mu997gRo0IaxoeWm5qemZ3LzxcWFpeWV/TVtaYIY45JA4cs5G0XCcJoQBqSSkbaESfIdxlpuYOzsd+6JVzQMLiWw4jYPuoF1KMYSSU5+ualU4Yn0BI3XCbmHoxG0NqFlo9k33WTi5GjF43SoWEeV/ahUTJSpKRqlqvQzJQiyFB39HerG+LYJ4HEDAnRMY1I2gnikmJGRgUrFiRCeIB6pKNogHwi7CR9ZAS3ldKFXshVBRKm6veJBPlCDH1XdY4vFL+9sfiX14mlV7UTGkSxJAGeLPJiBmUIx6nALuUESzZUBGFO1a0Q9xFHWKrsCiqEr0/h/6RZLpmVknl1UKydZnHkwQbYAjvABEegBs5BHTQABnfgATyBZ+1ee9RetNdJa07LZtbBD2hvn01KmEo=</latexit>

K2 =
p

1� p I

2)
<latexit sha1_base64="NZmqyyfdyBFg34fZTDVbI+FLsSQ="></latexit>

K1 =
p
p|0ih1|

<latexit sha1_base64="1MkpblcINUI5RZSNbWl7ex6pfo4=">AAACDnicdVDLSgMxFM34rPU16tJNsBRclUzVWhdC0Y3gpoJ9QGcYMmnahmYyY5IRyrRf4MZfceNCEbeu3fk3pg9BRQ9c7uGce0nuCWLOlEbow5qbX1hcWs6sZFfX1jc27a3tuooSSWiNRDySzQArypmgNc00p81YUhwGnDaC/vnYb9xSqVgkrvUgpl6Iu4J1GMHaSL6dv/QRPIWuupE6jUdwCBF0JRZdTqHLpx0NfTuHCkfIOSkdQFRAE0xI2SmWoTNTcmCGqm+/u+2IJCEVmnCsVMtBsfZSLDUjnI6ybqJojEkfd2nLUIFDqrx0cs4I5o3Shp1ImhIaTtTvGykOlRqEgZkMse6p395Y/MtrJbpT9lIm4kRTQaYPdRIOdQTH2cA2k5RoPjAEE8nMXyHpYYmJNglmTQhfl8L/Sb1YcEoF5+owVzmbxZEBu2AP7AMHHIMKuABVUAME3IEH8ASerXvr0XqxXqejc9ZsZwf8gPX2Ce9qms8=</latexit>

K0 =
p
p|0ih0|

<latexit sha1_base64="s1cCMfyr6W9xozZpn1V+qKZYLBo=">AAACCHicdVDLSsNAFJ3UV62vqEsXDhbBhZakaq0LoehGcVPBPqAJYTKdtEMnD2cmQglduvFX3LhQxK2f4M6/cZpGUNEDFw7n3Mu997gRo0IaxoeWm5qemZ3LzxcWFpeWV/TVtaYIY45JA4cs5G0XCcJoQBqSSkbaESfIdxlpuYOzsd+6JVzQMLiWw4jYPuoF1KMYSSU5+ualU4Yn0BI3XCbmHoxG0NqFlo9k33WTi5GjF43SoWEeV/ahUTJSpKRqlqvQzJQiyFB39HerG+LYJ4HEDAnRMY1I2gnikmJGRgUrFiRCeIB6pKNogHwi7CR9ZAS3ldKFXshVBRKm6veJBPlCDH1XdY4vFL+9sfiX14mlV7UTGkSxJAGeLPJiBmUIx6nALuUESzZUBGFO1a0Q9xFHWKrsCiqEr0/h/6RZLpmVknl1UKydZnHkwQbYAjvABEegBs5BHTQABnfgATyBZ+1ee9RetNdJa07LZtbBD2hvn01KmEo=</latexit>

K2 =
p

1� p I



Kraus map
<latexit sha1_base64="JtQsHRpBRflEKTrb4xGgF2A8nf8="></latexit>

⇢0 =
X

↵

K↵⇢K
†
↵

From Kraus to Lindblad equation
<latexit sha1_base64="5r6p/zIwSNbzwZgRX4yPkvxMfDo="></latexit>

K0 = 1� dt

✓
H�

1

2
L†L

◆

<latexit sha1_base64="KB4vmjn2RWXrBG/3ZUmcMFsZ61c=">AAAB+3icdVDJSgNBEO1xjXGL8eilMQiehpmoMR6EoBdBDxHMAkkYenp6kiY9i901YhjmV7x4UMSrP+LNv7GzCCr6oODxXhVV9dxYcAWW9WHMzS8sLi3nVvKra+sbm4WtYlNFiaSsQSMRybZLFBM8ZA3gIFg7lowErmAtd3g+9lt3TCoehTcwilkvIP2Q+5wS0JJTKF46Nj7FXXUrIfUgw/jKKZQs88iyTyoH2DKtCSakaper2J4pJTRD3Sm8d72IJgELgQqiVMe2YuilRAKngmX5bqJYTOiQ9FlH05AETPXSye0Z3tOKh/1I6goBT9TvEykJlBoFru4MCAzUb28s/uV1EvCrvZSHcQIspNNFfiIwRHgcBPa4ZBTESBNCJde3YjogklDQceV1CF+f4v9Js2zaFdO+PizVzmZx5NAO2kX7yEbHqIYuUB01EEX36AE9oWcjMx6NF+N12jpnzGa20Q8Yb59rx5Nq</latexit>

K1 =
p
dtL

<latexit sha1_base64="DxweHsdnOWJAeFtDPNMmNTY/b+o="></latexit>

⇢̇ = �i [H, ⇢] + L⇢L†
�

1

2

�
L†L, ⇢

 



Open systems - quantum trajectories Monitored systems

<latexit sha1_base64="ZoFwUQa0ZM2cCvEIqcyQb1/uT6E=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6RqrbuiG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvT6QgqeuDC4Zx7ufeeIOZMG8/7cJaWV1bX1gsbxc2t7Z3d0t5+S0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfD332xOqNIvknZnG1Bd4KFnICDZWuu9NKEnFrI/6pbLnnnvosnoKPdfLkJEaqtQgypUyyNHol957g4gkgkpDONa6i7zY+ClWhhFOZ8VeommMyRgPaddSiQXVfpodPIPHVhnAMFK2pIGZ+n0ixULrqQhsp8BmpH97c/Evr5uYsOanTMaJoZIsFoUJhyaC8+/hgClKDJ9agoli9lZIRlhhYmxGRRvC16fwf9KquKjqotuzcv0qj6MADsEROAEIXIA6uAEN0AQECPAAnsCzo5xH58V5XbQuOfnMAfgB5+0TDA6QlA==</latexit>

~m1

<latexit sha1_base64="knKkak9FmBHkYF8FZrmV/6e9Y+w=">AAAB8HicdVBNS8NAEJ34WetX1aOXxSJ4CknVWm9FLx4r2A9pQ9lsN+3S3STsbgol9Fd48aCIV3+ON/+N2zSCij4YeLw3w8w8P+ZMacf5sJaWV1bX1gsbxc2t7Z3d0t5+S0WJJLRJIh7Jjo8V5SykTc00p51YUix8Ttv++HrutydUKhaFd3oaU0/gYcgCRrA20n1vQkkqZv1Kv1R27HPHvayeIsd2MmSk5lZqyM2VMuRo9EvvvUFEEkFDTThWqus6sfZSLDUjnM6KvUTRGJMxHtKuoSEWVHlpdvAMHRtlgIJImgo1ytTvEykWSk2FbzoF1iP125uLf3ndRAc1L2VhnGgaksWiIOFIR2j+PRowSYnmU0MwkczcisgIS0y0yahoQvj6FP1PWhXbrdru7Vm5fpXHUYBDOIITcOEC6nADDWgCAQEP8ATPlrQerRfrddG6ZOUzB/AD1tsnDZKQlQ==</latexit>

~m2

<latexit sha1_base64="is4x37PXONOAmVdjvpN/dyzSNAQ=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0harfVW9OKxgv2QNpTNdtsu3U3C7qZQQn+FFw+KePXnePPfuE0jqOiDgcd7M8zM8yPOlHacDyu3srq2vpHfLGxt7+zuFfcPWiqMJaFNEvJQdnysKGcBbWqmOe1EkmLhc9r2J9cLvz2lUrEwuNOziHoCjwI2ZARrI933ppQkYt6v9Islxz533MtqBTm2kyIlNbdcQ26mlCBDo1987w1CEgsaaMKxUl3XibSXYKkZ4XRe6MWKRphM8Ih2DQ2woMpL0oPn6MQoAzQMpalAo1T9PpFgodRM+KZTYD1Wv72F+JfXjfWw5iUsiGJNA7JcNIw50iFafI8GTFKi+cwQTCQztyIyxhITbTIqmBC+PkX/k1bZdqu2e3tWql9lceThCI7hFFy4gDrcQAOaQEDAAzzBsyWtR+vFel225qxs5hB+wHr7BA8WkJY=</latexit>

~m3

<latexit sha1_base64="jsL6KRcXhfAwWoHrcrlZ5McTTkg=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwX5AG8pms23XbrJhdyOU0P/gxYMiXv0/3vw3btMIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29thKJJLRFBBey62NFOYtoSzPNaTeWFIc+px1/cjX3O/dUKiaiWz2NqRfiUcSGjGBtpHafBEKrQbni2GeOe1E7QY7tZMhI3a3WkZsrFcjRHJTf+4EgSUgjTThWquc6sfZSLDUjnM5K/UTRGJMJHtGeoREOqfLS7NoZOjJKgIZCmoo0ytTvEykOlZqGvukMsR6r395c/MvrJXpY91IWxYmmEVksGiYcaYHmr6OASUo0nxqCiWTmVkTGWGKiTUAlE8LXp+h/0q7abs12b04rjcs8jiIcwCEcgwvn0IBraEILCNzBAzzBsyWsR+vFel20Fqx8Zh9+wHr7BO6cj2A=</latexit> ··
·

<latexit sha1_base64="XmCXhVDeI2hl2QXNxJppc/Dt+xE="></latexit>

R ⌘ ~m1, ~m2, · · ·

<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i

<latexit sha1_base64="q/01W7ZICjdbVHEEb8TVW3GmV0A=">AAAB63icdVBNSwMxEM36WetX1aOXYBE8LbtVa70VvXisYD+gXUo2nW1Dk+ySZIVS+he8eFDEq3/Im//GdLuCij4YeLw3w8y8MOFMG8/7cJaWV1bX1gsbxc2t7Z3d0t5+S8epotCkMY9VJyQaOJPQNMxw6CQKiAg5tMPx9dxv34PSLJZ3ZpJAIMhQsohRYjKJCeiXyp577vmX1VPsuV6GjNT8Sg37uVJGORr90ntvENNUgDSUE627vpeYYEqUYZTDrNhLNSSEjskQupZKIkAH0+zWGT62ygBHsbIlDc7U7xNTIrSeiNB2CmJG+rc3F//yuqmJasGUySQ1IOliUZRybGI8fxwPmAJq+MQSQhWzt2I6IopQY+Mp2hC+PsX/k1bF9auuf3tWrl/lcRTQITpCJ8hHF6iOblADNRFFI/SAntCzI5xH58V5XbQuOfnMAfoB5+0Tb1SOgg==</latexit> ti
m
e

<latexit sha1_base64="Vl1k8qvMhH2cql9iS/CvTUqD3nw=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwbSFNpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3KYRVPTBwOO9GWbmBTFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCPRDySnQArypmgnmaa004sKQ4DTtvB5Grut++pVCwSt3oaUz/EI8GGjGBtpE7aI5gjb9YvVxz7zHEvaifIsZ0MGam71Tpyc6UCOZr98ntvEJEkpEITjpXquk6s/RRLzQins1IvUTTGZIJHtGuowCFVfprdO0NHRhmgYSRNCY0y9ftEikOlpmFgOkOsx+q3Nxf/8rqJHtb9lIk40VSQxaJhwpGO0Px5NGCSEs2nhmAimbkVkTGWmGgTUcmE8PUp+p+0qrZbs92b00rjMo+jCAdwCMfgwjk04Bqa4AEBDg/wBM/WnfVovVivi9aClc/sww9Yb5//hI/0</latexit>

U

<latexit sha1_base64="Vl1k8qvMhH2cql9iS/CvTUqD3nw=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwbSFNpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3KYRVPTBwOO9GWbmBTFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCPRDySnQArypmgnmaa004sKQ4DTtvB5Grut++pVCwSt3oaUz/EI8GGjGBtpE7aI5gjb9YvVxz7zHEvaifIsZ0MGam71Tpyc6UCOZr98ntvEJEkpEITjpXquk6s/RRLzQins1IvUTTGZIJHtGuowCFVfprdO0NHRhmgYSRNCY0y9ftEikOlpmFgOkOsx+q3Nxf/8rqJHtb9lIk40VSQxaJhwpGO0Px5NGCSEs2nhmAimbkVkTGWmGgTUcmE8PUp+p+0qrZbs92b00rjMo+jCAdwCMfgwjk04Bqa4AEBDg/wBM/WnfVovVivi9aClc/sww9Yb5//hI/0</latexit>

U

<latexit sha1_base64="Vl1k8qvMhH2cql9iS/CvTUqD3nw=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwbSFNpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3KYRVPTBwOO9GWbmBTFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCPRDySnQArypmgnmaa004sKQ4DTtvB5Grut++pVCwSt3oaUz/EI8GGjGBtpE7aI5gjb9YvVxz7zHEvaifIsZ0MGam71Tpyc6UCOZr98ntvEJEkpEITjpXquk6s/RRLzQins1IvUTTGZIJHtGuowCFVfprdO0NHRhmgYSRNCY0y9ftEikOlpmFgOkOsx+q3Nxf/8rqJHtb9lIk40VSQxaJhwpGO0Px5NGCSEs2nhmAimbkVkTGWmGgTUcmE8PUp+p+0qrZbs92b00rjMo+jCAdwCMfgwjk04Bqa4AEBDg/wBM/WnfVovVivi9aClc/sww9Yb5//hI/0</latexit>

U

<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K

<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K

<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K

Consider for the moment projective measurements. 
At each stage one record the result of the 
measurement m. This data set forms a trajectory

After n-steps of the evolution the wave-function 
will depend on the  measurement record

<latexit sha1_base64="20ssdb7fiBEXhYRoHaWIF4QRCBI=">AAACBHicdVDLSgMxFM34rPVVddlNsAh1M2SKre2u6MZlFfuAzjBk0rQNzWSGJCOUsQs3/oobF4q49SPc+TemD0FFD1zu4Zx7Se4JYs6URujDWlpeWV1bz2xkN7e2d3Zze/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQej86nfvqFSsUhc63FMvRAPBOszgrWR/Fz+1o0Vg0V9DF2JxYBTP3UJ5vBqAv1cAdmoVC2jGkR2ybRS2ZAycmqVGnRsNEMBLNDwc+9uLyJJSIUmHCvVdVCsvRRLzQink6ybKBpjMsID2jVU4JAqL50dMYFHRunBfiRNCQ1n6veNFIdKjcPATIZYD9Vvbyr+5XUT3a96KRNxoqkg84f6CYc6gtNEYI9JSjQfG4KJZOavkAyxxESb3LImhK9L4f+kVbKdiu1cnhTqZ4s4MiAPDkEROOAU1MEFaIAmIOAOPIAn8GzdW4/Wi/U6H12yFjsH4Aest0+sQ5d/</latexit>

| (t)iR

<latexit sha1_base64="K7x2kkQ0v6+hH7K6gxP1f7Tjy1Q=">AAACBnicdVDLSsNAFJ3UV62vqksRBovgKiRVa90V3bizin1AE8JkOmmHTiZhZiKU0JUbf8WNC0Xc+g3u/BunaQQVPXDhcM693HuPHzMqlWV9GIW5+YXFpeJyaWV1bX2jvLnVllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/Op/6nVsiJI34jRrHxA3RgNOAYqS05JV3HYb4gBF4CR0xY16aOhgxeD2ZeOWKZR5b9mntEFqmlSEjdbtah3auVECOpld+d/oRTkLCFWZIyp5txcpNkVAUMzIpOYkkMcIjNCA9TTkKiXTT7I0J3NdKHwaR0MUVzNTvEykKpRyHvu4MkRrK395U/MvrJSqouynlcaIIx7NFQcKgiuA0E9ingmDFxpogLKi+FeIhEggrnVxJh/D1KfyftKumXTPtq6NK4yyPowh2wB44ADY4AQ1wAZqgBTC4Aw/gCTwb98aj8WK8zloLRj6zDX7AePsEpHmYng==</latexit>

hOiR

“Two types” of averages

and
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= Tr⇢O
Averaging the state over all trajectories is equivalent to evaluate the 
average over the density matrix. This is because it is a linear quantity 
in the state.

If one consider non-linear (in the state) quantities, performing the 
averages in different order will make a difference. 

Example of such a quantity is a block entropy

<latexit sha1_base64="2Su1ljNmgMmLMyVc8IuOGgkt9T4="></latexit>

S2 = �
X

R
log TrA⇢

2
A,R
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FIG. 3. The averaged entanglement entropy for models B1
and B2 are shown in panels (a) and (b), respectively, as a
function of system size, for di↵erent values of p, on a log-
log scale. All the data is taken with subsystem size LA =
L/4. In each figure one curve is highlighted with a thick line,
corresponding to a critical value of p = pc, that separates
curves with p < pc that appear to asymptote to a straight
line with slope ⇡ 1 at large L (volume law), from the curves
with p > pc which saturate to lines with slope 0 at large L
(area law).

entropy is plotted versus system size (on a log-log scale)
for di↵erent values of the projection probability p. For
both models we find evidence for a transition at a crit-
ical value p = pc (highlighted with a thick line), with
pc = 0.15 for model B1 and pc = 0.68 for model B2. In
both figures for p < pc, the logSA� logL curves saturate
to straight lines with slope ⇡ 1 for large L, suggesting a
volume law. For p > pc, the curves seem to saturate to a
horizontal line with zero slope for increasing L, i.e., the
entanglement entropy is independent of L, suggesting an
area law scaling behavior. There is a rather clear distinc-
tion between the signs of the curvatures on either side of
this putative transition.

To further probe this phase transition we first re-plot
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FIG. 4. Results for model B1, plotted on a semi-log scale. In
both panels, we take the subsystem size LA = L/4. (a) The
entanglement entropy as a function of p, for di↵erent system
sizes. (b) SA/L

� versus (p� pc)L
1/⌫ , for 0.05 < p < 0.3. We

find pc = 0.15, ⌫ = 1.85, � = 0.30 for a best collapse.

the entanglement entropy data versus p (on a semi-log
scale) for the di↵erent systems sizes in Fig. 4(a) for model
B1 and Fig. 5(a) for model B2, respectively. And then
we attempt a data collapse, fitting to the following stan-
dard finite-size scaling form near the critical point for the
steady state entanglement SA(p, LA),

SA(p, cL) = L�F
⇣
(p� pc)L

1/⌫
⌘
, (22)

where the values of pc are taken from Fig. 3, and c =
LA/L  1/2 is a finite constant, fixed to be c = 1/4
in our numerics [36]. Restricting the values of p to be
close to criticality, 0.05 < p < 0.3 and 0.3 < p < 1.0
for the two cases, we re-plot the data as SA/L� versus
(p�pc)L1/⌫ , and choose the critical exponents � and ⌫ to
get the best collapse. For model B1 we find that ⌫ = 1.85
and � = 0.30 give the best fit as shown in Fig. 4(b),
while the data collapse for model B2 with ⌫ = 1.75 and
� = 0.33 is shown in Fig. 5(b).
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Non-unitary local operat ions favour a 
separable state (area - law)
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Ref. 35 for similar results in (1+1)-d systems). Below
we separately discuss the numerical results for rank-1
and rank-2 measurement considered (see Sec. II). We find
that for both protocols, a volume-law phase is separated
by an area-law phase via a second-order phase transition
(at a point pc which depends on the projector operator
used). This point exhibits a universal behavior, in the
sense that the computed correlation length critical expo-
nents are compatible in the two cases within one error
bar.
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Figure 4. (Main) Stationary entanglement entropy near the
critical point as a function of LA. To spot the correct scal-
ing, we divide the entanglement entropy by the uncut system
size S(p, LA)/L. Clearly one can distinguish three regimes:
one super-logarithmic (volume-law), one logarithmic (critical
point), and one sub-logarithmic (area-law). (Inset) Scaling of
entanglement entropy close to the transition in logarithmic
scale. To guide the eye, we plot the fitted logLA for the ra-
tio of interest. All error bars are smaller than the size of the
symbols.

A. Rank-1 measurements

We consider the local projectors P
(1)
i (cfr. (7)). We

simulate for various p 2 [0, 1), expecting a volume-law
average entanglement entropy for p ' 0 and an area-law
for p . 1. The case p = 1 is fine tuned, as the local
projections applied to each sites project the state after
each time step in a product state, hence not considered
here.

In Fig. 3 (top panel) we show the average entangle-
ment entropy at half-system S(p, LA = L/2) for various
values of system sizes L and different measurement rates
p. Here, errorbars are present, but are smaller than the
size of the markers; thus they are not presented in the
figures. Since in two spatial dimensions the area-law is
proportional to the entanglement cut length LA, it is in-
structive to analyze S(p, LA)/L, as this quantity satur-

ates to a constant for an area-law phase and scale linearly
with the system size in the volume-law phase. In Fig. 3
(bottom panel) we plot S(p, LA)/L for LA = L/2. In
the figure, it is possible to identify two distinct scaling
regimes: For p . 0.65, the entropy increases linearly with
the volume of the system. For p & 0.65, after an initial
growth for small sizes, the entropy saturates to a size-
independent value. These results are expected from our
previous discussion, except for the exact location of the
critical point, which is extracted from a careful finite-size
scaling analysis (presented below).

Furthermore, in order to gain more information on
the critical regime, we investigate the ratio S(p, LA)/L
for a fixed system size, and varying the subsystem di-
mension. Specifically, we consider a lattice with side of
length L = 48, and consider a subsystem of dimension
NA = L ⇥ LA, with LA = 4, 8, . . . , L/2. Also in this
case, our simulations distinguish between the volume-
law, area-law, and critical regimes, as presented in the
Main panel of Fig. 4. To clearly characterize the critical
line and its scaling, in the inset of Fig. 4 we plot the res-
ults in a semi-logarithmic scale. Our data strongly sup-
port scaling at the transition of type S(pc, LA) / L lnLA.

As remarked earlier, a correction of this kind has been,
at present, observed only in Fermi liquid and in U(1)
gauge field coupled with matter. For Fermi liquids, the
origin is hidden in the peculiar Fermi surface of the
models65,69,71, and the entanglement scaling can be ob-
tained analyzing the entanglement Hamiltonian. Simil-
arly, the scaling of entanglement of critical spin liquids
(U(1) gauge fields coupled to fermions), has been ob-
served numerically in Ref. 68. The authors suggest this
may be related to the fermionic matter of the theory,
and their Fermi surface. In the present setting, the ap-
pearance of logarithmic corrections / L lnLA is puzzling
as: (i) the transition point is out-of-equilibrium, (ii) the
system does not transparently have a Fermi surface. We
postpone a discussion on the emergence of this scaling at
the end of this section.

To access the correlation length critical exponent, we
perform a finite-size scaling analysis (FSS) around the
critical point. To compare with the literature in (1+1)-d
HRC and the critical exponents of percolation theory, we
use the scaling ansatz:

S(p, LA) � S(pc, LA) = F ((p � pc)L
1/⌫
A ). (18)

Specifically, given the scaling variables:

xdat(pc, ⌫) = (p � pc)L
1/⌫

, (19)
ydat(pc) = S(p, L) � S(pc, L), (20)

we implement polynomial fits for different degree poly-
nomials and different subsets of system sizes. Given a
fixed polynomial Pm(x) of degree m and given a subset
of lengths {L1, L2, . . . , Lk}, the best fit is obtained min-
imizing the normalized least-square distance between the
data and the polynomial computed on the scaling vari-

X. Turkeshi, R. Fazio, and M. Dalmonte, Phys. Rev. B 102, 014315 (2020)
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Measurement-induced criticality in (2+1)-d hybrid quantum circuits

There is a universal critical behavior for 2+1D hy- brid quantum 
circuits

 

The critical point shows a multiplicative logarithmic correction to 
the area law entanglement entropy

 

The universality class is different from that of 3D percolation
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able xdat:

" =

sP
i |y2dat(i) � P 2

m(xdat(i))|P
i y

2
dat(i)

. (21)

Our final results are obtained averaging over different

Figure 5. Finite size analysis for the model of interest.
The landscape of the residual is plotted for a suitable range
of ⌫ and pc considered in the FSS. The grey stars loc-
ate the optimal parameters. For the rank-1 HRC, this is
at ⌫ = 0.56, pc = 0.650, while for the rank-2 HRC it is at
⌫ = 0.54, pc = 0.890.

values of the degree m and different subsets of system
sizes; similarly, the error is the propagated error. In
Fig. 5 (left panel) we present the landscape of the resid-
ual for the optimal fit varying ⌫ and pc. The estimated
critical parameters ⌫ = 0.56(1) and pc = 0.650(5), give
us the data collapse in Fig. 6, presented in both linear
and logarithmic scale.

Let us conclude this subsection by comparing our res-
ults with the critical exponents of percolation theory. If
a quantum-to-classical similarity has to hold in higher
dimension (with respect to the results of (1+1)-d HRC),
we should test our findings against 3D percolation on a
cubic lattice. Here the correlation length critical expo-
nent is ⌫

3D
perc = 0.877(1), more than 50% different from

our estimate. Consequently, this quantum critical point
is sensibly different from the percolation one in the same
dimension.

B. Rank-2 measurements

These circuits have local projectors P
(2)
hi,ij (cfr. (8)).

In this case, the measurement projects the neighboring
qubits into a Bell pair. We perform a finite-size analysis
analogous to the previous subsection. The landscape of
the residual eq. varying the parameters pc and ⌫ is plot-
ted in Fig. 5 (right panel). The critical point in this case
is shifted to higher values (the estimated pc = 0.890(3)).
This is not a surprise, as the rank-2 projectors have less
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Figure 6. Data collapse for the hybrid circuit with
rank-1 projective measurements. Here pc = 0.650(5) and
⌫ = 0.56(1). In the inset, we present a closer look on the
critical point.

disentangling power than the correspondent rank-1 meas-
urements, and the critical point is affected by changes in
the microscopic physics of the system. Nevertheless, the
universal information contained in the critical exponent
is preserved, as we estimate ⌫ = 0.54(1) (see Fig. 7 for
the data collapse). This robust check confirms our pre-
vious analysis, in particular the distinction between this
critical point and the percolation theory one.

Figure 7. Data collapse of hybrid circuits with rank-2 pro-
jective measurements. Here pc = 0.890(3) and ⌫ = 0.54(1).
The inset shows a closer look to the critical point.
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Measurement-induced criticality in long-range hybrid quantum circuits

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. 


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
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Dissipative vs Entanglement transitions

The non-unitary consists in a local resetting 
where spins are independently reset to the 
down state with probability p

<latexit sha1_base64="NZmqyyfdyBFg34fZTDVbI+FLsSQ="></latexit>

K1 =
p
p|0ih1|

<latexit sha1_base64="1MkpblcINUI5RZSNbWl7ex6pfo4=">AAACDnicdVDLSgMxFM34rPU16tJNsBRclUzVWhdC0Y3gpoJ9QGcYMmnahmYyY5IRyrRf4MZfceNCEbeu3fk3pg9BRQ9c7uGce0nuCWLOlEbow5qbX1hcWs6sZFfX1jc27a3tuooSSWiNRDySzQArypmgNc00p81YUhwGnDaC/vnYb9xSqVgkrvUgpl6Iu4J1GMHaSL6dv/QRPIWuupE6jUdwCBF0JRZdTqHLpx0NfTuHCkfIOSkdQFRAE0xI2SmWoTNTcmCGqm+/u+2IJCEVmnCsVMtBsfZSLDUjnI6ybqJojEkfd2nLUIFDqrx0cs4I5o3Shp1ImhIaTtTvGykOlRqEgZkMse6p395Y/MtrJbpT9lIm4kRTQaYPdRIOdQTH2cA2k5RoPjAEE8nMXyHpYYmJNglmTQhfl8L/Sb1YcEoF5+owVzmbxZEBu2AP7AMHHIMKuABVUAME3IEH8ASerXvr0XqxXqejc9ZsZwf8gPX2Ce9qms8=</latexit>

K0 =
p
p|0ih0|

<latexit sha1_base64="s1cCMfyr6W9xozZpn1V+qKZYLBo=">AAACCHicdVDLSsNAFJ3UV62vqEsXDhbBhZakaq0LoehGcVPBPqAJYTKdtEMnD2cmQglduvFX3LhQxK2f4M6/cZpGUNEDFw7n3Mu997gRo0IaxoeWm5qemZ3LzxcWFpeWV/TVtaYIY45JA4cs5G0XCcJoQBqSSkbaESfIdxlpuYOzsd+6JVzQMLiWw4jYPuoF1KMYSSU5+ualU4Yn0BI3XCbmHoxG0NqFlo9k33WTi5GjF43SoWEeV/ahUTJSpKRqlqvQzJQiyFB39HerG+LYJ4HEDAnRMY1I2gnikmJGRgUrFiRCeIB6pKNogHwi7CR9ZAS3ldKFXshVBRKm6veJBPlCDH1XdY4vFL+9sfiX14mlV7UTGkSxJAGeLPJiBmUIx6nALuUESzZUBGFO1a0Q9xFHWKrsCiqEr0/h/6RZLpmVknl1UKydZnHkwQbYAjvABEegBs5BHTQABnfgATyBZ+1ee9RetNdJa07LZtbBD2hvn01KmEo=</latexit>

K2 =
p

1� p I

<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i
<latexit sha1_base64="aDnl5m+Xe0NKByPn8CEJY8aQsBI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6ZqrbuiG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pdAQVPXDhcM693HtPEHOmDUIfzsLi0vLKamGtuL6xubVd2tlt6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2ML2d++44qzSJ5YyYx9QUeShYygo2Vbu9RT2E55LRfKiP3FHnn1WOIXJQhIzWvUoNerpRBjka/9N4bRCQRVBrCsdZdD8XGT7EyjHA6LfYSTWNMxnhIu5ZKLKj20+zgKTy0ygCGkbIlDczU7xMpFlpPRGA7BTYj/dubiX953cSENT9lMk4MlWS+KEw4NBGcfQ8HTFFi+MQSTBSzt0IywgoTYzMq2hC+PoX/k1bF9aqud31Srl/kcRTAPjgAR8ADZ6AOrkADNAEBAjyAJ/DsKOfReXFe560LTj6zB37AefsE9W6Qhg==</latexit>

|0i

<latexit sha1_base64="q/01W7ZICjdbVHEEb8TVW3GmV0A=">AAAB63icdVBNSwMxEM36WetX1aOXYBE8LbtVa70VvXisYD+gXUo2nW1Dk+ySZIVS+he8eFDEq3/Im//GdLuCij4YeLw3w8y8MOFMG8/7cJaWV1bX1gsbxc2t7Z3d0t5+S8epotCkMY9VJyQaOJPQNMxw6CQKiAg5tMPx9dxv34PSLJZ3ZpJAIMhQsohRYjKJCeiXyp577vmX1VPsuV6GjNT8Sg37uVJGORr90ntvENNUgDSUE627vpeYYEqUYZTDrNhLNSSEjskQupZKIkAH0+zWGT62ygBHsbIlDc7U7xNTIrSeiNB2CmJG+rc3F//yuqmJasGUySQ1IOliUZRybGI8fxwPmAJq+MQSQhWzt2I6IopQY+Mp2hC+PsX/k1bF9auuf3tWrl/lcRTQITpCJ8hHF6iOblADNRFFI/SAntCzI5xH58V5XbQuOfnMAfoB5+0Tb1SOgg==</latexit> ti
m
e

<latexit sha1_base64="Vl1k8qvMhH2cql9iS/CvTUqD3nw=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwbSFNpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3KYRVPTBwOO9GWbmBTFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCPRDySnQArypmgnmaa004sKQ4DTtvB5Grut++pVCwSt3oaUz/EI8GGjGBtpE7aI5gjb9YvVxz7zHEvaifIsZ0MGam71Tpyc6UCOZr98ntvEJEkpEITjpXquk6s/RRLzQins1IvUTTGZIJHtGuowCFVfprdO0NHRhmgYSRNCY0y9ftEikOlpmFgOkOsx+q3Nxf/8rqJHtb9lIk40VSQxaJhwpGO0Px5NGCSEs2nhmAimbkVkTGWmGgTUcmE8PUp+p+0qrZbs92b00rjMo+jCAdwCMfgwjk04Bqa4AEBDg/wBM/WnfVovVivi9aClc/sww9Yb5//hI/0</latexit>

U

<latexit sha1_base64="Vl1k8qvMhH2cql9iS/CvTUqD3nw=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwbSFNpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3KYRVPTBwOO9GWbmBTFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCPRDySnQArypmgnmaa004sKQ4DTtvB5Grut++pVCwSt3oaUz/EI8GGjGBtpE7aI5gjb9YvVxz7zHEvaifIsZ0MGam71Tpyc6UCOZr98ntvEJEkpEITjpXquk6s/RRLzQins1IvUTTGZIJHtGuowCFVfprdO0NHRhmgYSRNCY0y9ftEikOlpmFgOkOsx+q3Nxf/8rqJHtb9lIk40VSQxaJhwpGO0Px5NGCSEs2nhmAimbkVkTGWmGgTUcmE8PUp+p+0qrZbs92b00rjMo+jCAdwCMfgwjk04Bqa4AEBDg/wBM/WnfVovVivi9aClc/sww9Yb5//hI/0</latexit>

U

<latexit sha1_base64="Vl1k8qvMhH2cql9iS/CvTUqD3nw=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norevFYwbSFNpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3KYRVPTBwOO9GWbmBTFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCPRDySnQArypmgnmaa004sKQ4DTtvB5Grut++pVCwSt3oaUz/EI8GGjGBtpE7aI5gjb9YvVxz7zHEvaifIsZ0MGam71Tpyc6UCOZr98ntvEJEkpEITjpXquk6s/RRLzQins1IvUTTGZIJHtGuowCFVfprdO0NHRhmgYSRNCY0y9ftEikOlpmFgOkOsx+q3Nxf/8rqJHtb9lIk40VSQxaJhwpGO0Px5NGCSEs2nhmAimbkVkTGWmGgTUcmE8PUp+p+0qrZbs92b00rjMo+jCAdwCMfgwjk04Bqa4AEBDg/wBM/WnfVovVivi9aClc/sww9Yb5//hI/0</latexit>

U

<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K

<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K

<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K
<latexit sha1_base64="Q9iUhAPUjxboNE69C4XgtMUofxA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iq1norehG8tGA/oA1ls922azebsLsRSugv8OJBEa/+JG/+G7dpBBV9MPB4b4aZeX7EmdKO82HllpZXVtfy64WNza3tneLuXkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uRq7rfvqVQsFLd6GlEvwCPBhoxgbaTGTb9Ycuwzx72onCDHdlKkpOqWq8jNlBJkqPeL771BSOKACk04VqrrOpH2Eiw1I5zOCr1Y0QiTCR7RrqECB1R5SXroDB0ZZYCGoTQlNErV7xMJDpSaBr7pDLAeq9/eXPzL68Z6WPUSJqJYU0EWi4YxRzpE86/RgElKNJ8agolk5lZExlhiok02BRPC16fof9Iq227FdhunpdplFkceDuAQjsGFc6jBNdShCQQoPMATPFt31qP1Yr0uWnNWNrMPP2C9fQLiSo0A</latexit>

K

<latexit sha1_base64="pbWsQtaH2/WUwIaJAYYKCaV69fc="></latexit>

H =
X

ij

Jij�
x
i �

x
j � h

X

i

�z
i

<latexit sha1_base64="XdvM7XipQ63GKpTZmI+48Dt2oRo="></latexit>

Jij =
J

|i� j|↵

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

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.



Phase Diagram

A region of coexistence of the ordered 
phase and the area law phase appears 
for intermediate values of p. 

Qualitative diagram of the interplay between ordering 
and entanglement transition as a function of the range 
of interactions α and the resetting probability p 
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