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14
Entanglement is not a conserved quantity like energy, that

1s transported. Instead, it 1s more like an infection or
epidemic [3] that multiplies and spreads. An initial state
that 1s a product state has the information about the initial
state of each local degree of freedom (spins in our model
below) initially localized on that degree of freedom. Under
the system’s unitary time evolution, quantum information
about each spin’s initial state can spread with time to other
spins, due to the spin-spin interactions. This can make
those spins that share this information entangled. ”’
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Evolution of entanglement entropy in
one-dimensional systems
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FIG. 4. Sg(t) for the quench from g = o¢, 5, 2, 1.5, 1.1 to i = 1. The dashed lines are the
leading asymptotic results for large £ Eq. (3.19).
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Evolution of entanglement entropy in
one-dimensional systems
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FIG. 4. Sg(t) for the quench from hg = o, 5, 2, 1.5, 1.1 to i = 1. The dashed lines are the FIG. 4. Sg(t) for the quench from hg = oc, 5, 2, 1.5, 1.1 to h = 1. The dashed lines are the
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Evolution of entanglement entropy in
one-dimensional systems
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FIG. 5. Syo0(f) for the quench from hg = oo to h = 5.2,1.5,1.01, 1. The dashed lines are the
leading asymptotic results for large £ Eq. (3.19). The inset shows the rescaling of the curves,
according to the asymptotic value Sygo(o0).

L e — N —



PHYSICAL REVIEW X 3, 031015 (2013)

Entanglement Growth in Quench Dynamics with Variable Range Interactions
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FIG. 2. Entanglement growth after a quantum quench in the transverse Ising model in which nearest-neighbor interactions are
introduced suddenly. (a) Illustration of entanglement distribution, via entangled quasiparticle pair excitations that move within a Lieb-
Robinson light cone. Boundary effects for this system with open boundary conditions stop the linear increase at a critical time ¢°. (b—d)
Time evolution of half-chain entropies for M = 10, 12, 14, 16, 18, and 20 spins (ED calculation). (b) Boundary effects as a breakdown
of the linear growth. Respective critical times calculated for the free fermion model are shown as vertical lines. (¢) The crossover from
the oscillatory behavior for B = 0 (dots: analytical result) to a linear increase (M = 20). With decreasing B, boundary effects shift to
later times; critical times are indicated as vertical arrows. (d) The half-chain entropy growth, which is fastest for B = 1 and decreases
again for B > 1 (M = 20).
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Figure 2. Evolution of the entropy Sy with various quenches. Ay = 1.5 while Figure 3. Evolution of the entropy S with various quenches, Ay = 1.2, 1.5, 3.0, x
Ay 0.0,0.2,04,0.6,0.8 as a function of (&)L, Inset: initial slope value of Sy while A, = 0.0 as a function of oA, )t and shifted so to coincide in t = 0. For Ay = ~
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as a function of A, and comparison to a lincar fit with slope ~0.85 £ 0.02 (dashed
line).
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we show also the exact result obtained by diagonalization (circles ). Inset: initial slope
value of Sy as a function of A;.
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Spreading of correlations and
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Evolution of entanglement entropy following a quantum quench:
Analytic results for the XY chain in a transverse magnetic field

XY chain with transverse field H(h ) = % l+y . 1=y . h_
arbitrary quench LY =" <14 0j0js1+ = 0 0jn + 50

: de

3((t)=tf —2|€'|H(cos A,)
2|’ 1<t 2
| do
+ (.f —H(cos Ay). (2)
o€ > 2T

where €' =de/dg is the derivative of the dispersion relation

=(h—cos ¢)*>+ 77 sin’ ¢ and represents the momentum de-
pendent sound velocity (that because of locality has a maxi-
mum we indicate as v‘,—mdx¢|e ), cos A, =[hhy—cos @(h
+hg) +cos® @+ Yy, sin® ¢]/ €€, contains all lhe quench infor-
mation [9] and H(x)==[(1+x)/2In(1+x)/2+(1-x)/2
XIn(1-x)/2].
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Evolution of entanglement entropy following a quantum quench:
Analytic results for the XY chain in a transverse magnetic field
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FIG. 2. (Color online) Time evolution of the entanglement en-
tropy S¢(1)/€ for several quenches and €. The straight line is the
leading asymptotic result for large €. The inset in the bottom-left
graph shows the derivative with respect to time of S¢(7) for € —
and the numerical derivative for €=90.
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FIG. 1 (color online). (a) Spreading of entanglement entropy
S(r) for chains of length L. Initially, the entanglement grows
linearly with time for all cases, with the same speed v = (.70.
Then, the entanglement saturates at long time. This saturation
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FIG. 2 (color online). (a) The average energy spreading R(r)
(defined in the main text) vs time. Before saturation, its behavior
does not depend on the system size. As we increase the system
size, diffusive /7 behavior becomes more apparent. (b) Direct
comparison of S(z) and R(r) for L = 16. It is clear that the
entanglement spreads faster than energy diffuses in the scaling
regime before saturation.
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Evolution of entanglement after a
local quench
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Figure 3. Time evolution of the entanglement entropy for a subsystem of L = 40
sites with a central defect ¢’ = 0. A sudden jump is followed by a slow relaxation
towards the homogencous value S. The inscet shows the logarithmic correction to the
1/t decay.

Figure 4. Time evolution of the entropy for a subsystem of L = 40 sites for several
defect positions Ly /L,, indicating the number of sites to the left /right of the defect
with ¢/ = 0.
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Entanglement and correlation functions
following a local quench: a conformal
field theory approach
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Entanglement and correlation functions
following a local quench: a conformal

field theory approach
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Figure 3. S,(t) for a general slit B = [£;,8;3]. The plots are done for finite
¢ = 10 %, and they are indistinguishable from the asymptotic result. In all the
plots £, — €3 = 20. Left: £2 < 0, for several § = £, + £2. Right: £2 > 0, for several
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Entanglement evolution across defects in critical
anisotropic Heisenberg chains
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Entanglement spreading after a geometric quench in quantum spin chains
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(a) short times (b) semiclassical interpretation (c) long times
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Entanglement dynamics in short and long-range harmonic oscillators
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Entanglement dynamics in short and long-range harmonic oscillators
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Many-body localization in the Heisenberg XXZ magnet in a random field
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Entanglement entropy dynamics of disordered quantum spin chains
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Entanglement entropy dynamics of disordered quantum spin chains
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