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We study nonstabilizerness on the information lattice and demonstrate that noninteger local information
directly indicates nonstabilizerness. For states with a clear separation of short- and large-scale information,
a noninteger total information at large scales Γ serves as a witness of long-range nonstabilizerness. We
propose a folding procedure to separate the global and edge-to-edge contributions to Γ. As an example we
show that the ferromagnetic ground state of the spin-1=2 three-state Potts model has long-range
nonstabilizerness originating from global correlations, while the paramagnetic ground state has at most
short-range nonstabilizerness.
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Introduction—Quantum information theory offers a
unifying lens for understanding quantum states and dynam-
ics [1–9]. In the context of condensed matter, states are
often classified in terms of the scaling of the subsystem von
Neumann entropy, which is a global measure of the total
correlations between a subsystem and its complement. In
area-law states [1–4], such as ground states of local gapped
Hamiltonians and many-body localized states, correlations
are mainly local, meaning that the von Neumann entropy of
a subsystem scales with its area. This enables efficient
representation of such states via matrix product states
[4,10,11]. In contrast, volume-law states [5–7], such as
midspectrum eigenstates of ergodic Hamiltonians, have
correlations involving an extensive number of degrees of
freedom. Furthermore, constant subleading corrections to
the area-law scaling serve to characterize states with
topological order [12–16].
Quantum states can also be characterized by other

quantum information properties such as nonstabilizerness.
Stabilizer states are closed under Clifford operations and
admit an efficient classical representation [17,18]. Generic
condensed matter states require non-Clifford unitaries to be
reached from a stabilizer state. Such unitaries are con-
structed from a universal set realized, for example, by the
combination of Clifford and T gates. The deviation of a
state from a stabilizer state is known as nonstabilizerness,
or magic, and has been quantified by different measures
[19–27]. While the concept of nonstabilizerness arose in

the context of quantum error correction and fault-tolerant
quantum computation [28–31], it has increasing relevance
in condensed matter and quantum many-body physics
[32–50].
Nonstabilizerness has been interpreted as a measure of

quantum-state complexity [38,46,51–54] as it quantifies the
distance from the easily representable stabilizer states. Other
measures based on the distance from other classes of states
that admit efficient representations, such as area-law or
fermionic Gaussian states [53,55,56], provide similar yet
inequivalent quantifications of complexity. The existence of
such different classes raises the requirement of a broader
classification. For instance, a comprehensive characteriza-
tion of quantum states can be obtained by looking at the
scale of both correlations and nonstabilizerness.
From the point of view of correlations, the information

lattice [57,58] provides a universal characterization of
quantum states in terms of local information, which
quantifies the total amount of correlations per scale l
and spatial location n. The information lattice defines the
intrinsic correlation length scales of a state, which do not
depend on any specific observable [58]. Within the infor-
mation lattice, local information behaves as a hydrody-
namic quantity: under the application of a local quantum
gate information can only flow between nearby lattice
points and there exist well-defined information currents
[57]. This allows us to comprehensively characterize
quantum quench dynamics [59–62] and to perform efficient
time evolution of large-scale quantum many-body systems
[57,63,64]. As opposed to information, there is no well-
defined decomposition indicating where and on what scale
nonstabilizerness resides, but there are attempts to evaluate
nonlocality of nonstabilizerness [65–70], as well as to divide
nonstabilizerness into short- and long-range [71–73].
The latter approach relies on an equivalence relation up
to shallow local unitary quantum circuits as is done in
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topological classification [15]. This distinction between
short- and long-range nonstabilizerness is not captured by
just computing a nonstabilizer monotone, which only gives
a measure of the total amount of nonstabilizerness in a
quantum state.
In this Letter we show that any noninteger value of local

information on the information lattice directly indicates
nonstabilizerness in a quantum state. Furthermore, in states
where there is a clear separation between short- and large-
scale local information (we refer to such states as local-
ized), we use the information lattice to define a witness of
long-range nonstabilizerness via the total information at
large scales Γ [58]. Through a folding procedure, we define
a coarse-grained information lattice that allows us to
distinguish whether the long-range nonstabilizerness orig-
inates from global or edge-to-edge correlations. We exem-
plify our approach using the spin-1=2 three-state Potts
model and characterize its ground states in the paramag-
netic and ferromagnetic phases in terms of their non-
stabilizerness. While the paramagnetic ground state has
at most short-range nonstabilizerness, the ferromagnetic
ground state exhibits long-range nonstabilizerness origi-
nating from global correlations.
Stabilizer states and the information lattice—We con-

sider an L-qubit chain with Hilbert spaceH ¼ ðC2Þ⊗L. We
denote by Cln the subsystem of lþ 1 contiguous sites
centered at position n, and refer to l as the scale of Cln. The
information lattice of a state ρ acting on H is a two-
dimensional structure where subsystems are ordered hier-
archically in terms of location n and scale l [57,58]. Each
site in this structure is uniquely specified by the pair ðn;lÞ,
where n is the integer for even l and half-integer for odd l,
and is associated with the local information iln in subsystem
Cln. The local information is the maximal amount of
information one can obtain by measuring any set of
operators that cannot be accessed from any smaller-scale
subsystem of Cln [57,58]. For l > 1, the local information
in subsystem Cln is the mutual information of its two largest
subsystems, namely Cl−1n−1=2 and C

l−1
nþ1=2, conditioned on their

overlap, which is subsystem Cl−2n (see End Matter for
details). Formally, the local information iln [57] can be
written as

iln ¼ IðρlnÞ − Iðρl−1n−1=2Þ − Iðρl−1nþ1=2Þ þ Iðρl−2n Þ; ð1Þ

where IðρlnÞ ¼ ðlþ 1Þ − SðρlnÞ is the total information
with SðρlnÞ ¼ −Tr½ρln log2ðρlnÞ� the von Neumann entropy
of ρln, the reduced density matrix of subsystem Cln. The
local information is strictly positive and bounded by two
from above, iln ∈ ½0; 2�. The information lattice thereby
provides a decomposition of the total information IðρÞ ¼P

ðn;lÞ iln into local information iln.
Stabilizer states are characterized by featuring only

integer values of local information, owing to their particular

entanglement structure [74,75]. A stabilizer state is the
simultaneous þ1 eigenvector of 2L Pauli strings, which
together form an Abelian group called the stabilizer group.
Every stabilizer group is generated by L independent Pauli
strings. For a stabilizer state, the operators that yield a
maximal amount of information in every subsystem are
given by a particular set of stabilizer generators that we call
the maximally local generating set [75]. The elements of
this set are found at each scale, starting from l ¼ 0, by
selecting the maximum number of independent Pauli
strings on that scale belonging to the stabilizer group.
This construction continues until there are L independent
Pauli strings in the set. The measurement of each of these
operators answers a binary question corresponding to one
bit of information—namely, whether or not the state is
stabilized by the operator. Thus, the local information of
every subsystem is an integer.
In Fig. 1(a) we show the information lattice of the state

jBelli ¼ ð1= ffiffiffi
2

p Þðj0101i þ j0011iÞ in which the two center
qubits form a Bell pair while each of the two edge qubits is
in a product state with the rest. The maximally local
generating set for the edge qubits is given by
fZIII;−IIIZg. In this case, the measurement of each of
these operators answers whether the qubit where the

(a) (b)

(c) (f)(e) (d)

FIG. 1. Information lattice of (a) jBelli ¼ ð1= ffiffiffi
2

p Þðj0101i þ
j0011iÞ, and (b) jGHZi ¼ ð1= ffiffiffi

2
p Þðj0000i þ j1111iÞ with its

stabilizer group GGHZ (excluding the identity operator). (c) In-
formation lattice of a stabilizer state constructed by applying a
two-layer random Clifford circuit UC to the ten-qubit GHZ state.
(d) Information lattice of a short-range nonstabilizer state con-
structed by applying a random T-doped Clifford circuit UCT on
the product state j0i⊗10. The circuit UCT is composed of three
blocks, each one containing ten layers of Clifford gates and five T
gates acting on randomly selected qubits and between two
randomly selected Clifford layers. (e),(f) Information per scale
Il of (c) and (d), respectively. In (a)–(d), the color of the sites on
the information lattice indicates the amount of local information
iln in Cln , while sites with integer values of iln are circled by bold
black lines.
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operator acts nontrivially is in state j0i or j1i. The
information gained by each of these binary questions is
associated with the corresponding site on the information
lattice, yielding a local information i00 ¼ i03 ¼ 1 fully
contained at scale l ¼ 0. The two bits of information
associated with the maximally entangled pair at the center
are only accessible by measuring any given pair of two-
qubit operators in the set fIXXI; IYYI;−IZZIg. This is
reflected in the information lattice of the state, where i01 ¼
i02 ¼ 0 and i11.5 ¼ 2.
Another example is the four-qubit GHZ state, jGHZi ¼

ð1= ffiffiffi
2

p Þðj0000i þ j1111iÞ, whose information lattice and
stabilizer group are given in Fig. 1(b). The local informa-
tion of the subsystems at scale l ¼ 1 is i1n ¼ 1 and is
associated with the measurement of the stabilizer operators
at that scale: ZZII, IZZI, and IIZZ. These operators are
independent of each other and belong to the maximally
local generating set. At scale l ¼ 2 there are no stabilizer
operators independent from the ones at l ¼ 1, yielding
i21 ¼ i23 ¼ 0. The remaining bit of information i31.5 ¼ 1 is
located at the largest scale and can only be accessed by
measuring an operator that has nontrivial support on the
scale of the entire system. There are ten possible stabilizer
operators at the largest scale, and only eight are indepen-
dent from the stabilizer operators at l ¼ 1. Choosing one of
them, for example XXXX, completes a maximally local
generating set for the GHZ state. In general, as demon-
strated in this and the previous example, the maximally
local generating set may not be unique. However, the
locality of its operators, dictated by the position of the
nonzero local information on the information lattice, is.
For a stabilizer state, the von Neumann information of

subsystem Cln is given by IðρlnÞ ¼ jGl
nj ≤ lþ 1, where j · j

denotes the rank of a group [74], defined as the number of
elements in its generating set (see End Matter for details).
Gl
n is the stabilizer subgroup of subsystem Cln, which

contains the elements of the stabilizer group with trivial
support in the complement of Cln. Consequently, the local
information in Eq. (1) becomes

iln ¼ jGl
nj − jGl−1

n−1=2j − jGl−1
nþ1=2j þ jGl−2

n j; ð2Þ

which is integer-valued and corresponds to the number of
independent generators acting nontrivially only at scale l.
This is consistent with the fact that local information is
bounded by two from above: increasing a subsystem by one
site adds at most two additional independent generators to
the maximally local generating set.
Short- and long-range nonstabilizerness via the

information lattice—A quantum state has nonstabilizerness
if it is not a stabilizer state. Since a stabilizer state necessarily
has iln ∈N, a state with any noninteger value of iln has
nonstabilizerness. This is exemplified in Figs. 1(c) and 1(d),
where we show the information lattice of a stabilizer state

constructed by applying a random Clifford circuit to the ten-
qubit GHZ state, and that of a nonstabilizer state constructed
by applying a T-doped Clifford circuit to the product state
j0i⊗10. While having noninteger local information is a
sufficient condition for a state to have nonstabilizerness, it
is not a necessary condition (see EndMatter for an example).
We classify nonstabilizerness in terms of its locality by

distinguishing short- and long-range nonstabilizer states
[71–73]. A state has short-range nonstabilizerness if it can
be transformed into a stabilizer state by a shallow local
unitary circuit, while a long-range nonstabilizer state
requires a local unitary circuit that scales with the system
size. To capture these two classes of nonstabilizerness we use
the information lattice, which has been shown to classify
quantum states in terms of the information per scale,

Il ¼
X
n

iln: ð3Þ

We are interested in localized states, which exhibit an
extensive amount of information per scale at l ≪ L,
captured by

Ω ¼
XbL=2−1c
l¼0

Il: ð4Þ

Examples of such states are the ground states of local
Hamiltonians and eigenstates of many-body localized
systems. Some localized states may also have an intensive
Oð1Þ contribution to local information at scales l ∼ L. This
contribution may originate from edge-to-edge correlations,
as for example in symmetry-protected topological states, or
global correlations, as in cat states [58]. In localized states,
the information per scale Il decays exponentially away
from the information peaks both at short and large scales,
creating an information gap, see Figs. 1(e) and 1(f). While
the information gap is extensive, the Oð1Þ contribution at
large scales stays constant and is captured by the total
information at large scales

Γ ¼
XL−1

l¼bL=2c
Il; ð5Þ

which serves as a universal characteristic of topological
phases [58]. In Figs. 1(e) and 1(f) we show the total
information per scale of states in Figs. 1(c) and 1(d) and
calculate the corresponding values of Γ and Ω.
Under a local unitary circuit the information flow on the

information lattice is strictly local. As a result the only way
to close the information gap and redistribute information
betweenΩ and Γ is by applying a circuit that scales with the
system size. For an information gap extending over g
scales, the minimum depth of such a circuit is roughly g=4,
thus ∼OðLÞ [57,63]. Consequently, a localized state with
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noninteger Γ cannot be transformed into a stabilizer state,
which always has integer Γ, by any shallow local unitary
circuit. Thus, Γ ∉ N is a witness of long-range nonstabi-
lizerness for localized states. This implies that a localized
state with Γ ¼ 0 can have at most short-range nonstabilizer-
ness, as for example is the case for the state in Fig. 1(d).
In localized states in the thermodynamic limit, the total

information at large scales Γ separates into contributions
coming from edge-to-edge and global correlations, such
that Γ≕ γedge þ γglobal. To estimate γglobal in a given state,
we employ a folding procedure in which sites n and L −
n − 1 are combined, reducing the chain length by half,
while doubling the local Hilbert space dimension at each
site. Because of this coarse graining, the edge-to-edge
correlations of the initial chain become local on the
information lattice of the folded chain. Therefore, only
the global correlations survive at large scales and the total
information at large scales of the folded information lattice
Γfolded, calculated according to Eq. (5) with L → L0 ¼ L=2,
provides an estimate of γglobal (see End Matter). In the next
section, we show that the symmetric ground state of the
spin-1=2 three-state Potts model realizes long-range
nonstabilizerness.
Spin-1=2 three-state Potts model—The three-state Potts

model [76] is described by the Hamiltonian

H ¼ −
J
3

XN−1

i

ðZ†
i Ziþ1 þ Z†

iþ1ZiÞ − h
XN
i

ðX†
i þ XiÞ; ð6Þ

Zi ¼

0
B@
1 0 0

0 ω 0

0 0 ω2

1
CA; Xi ¼

0
B@
0 0 1

1 0 0

0 1 0

1
CA; ð7Þ

with J; h ≥ 0 the interaction strength and the transverse
magnetic field, respectively, and ω ¼ e2πi=3. This model
has a Z3 rotational symmetry realized by

Q
N
i¼1 Xi, and

undergoes a phase transition at the self-dual point J=3 ¼ h
between a symmetry-broken phase with a threefold degen-
erate ground state and a paramagnetic phase with a unique
ground state [77]. We realize this model in a spin-1=2 chain
of length L ¼ 2N by projecting each pair of neighboring
spins onto the triplet subspace, onto which the operators Zi
and Xi act.
We characterize the nonstabilizerness in the symmetric

ground state for different values of h and L at fixed J ¼ 1.
The information lattice of the symmetric ground state for
h ≪ 1=3 is shown in the right inset of Fig. 2 with h ¼ 0 and
L ¼ 12. There is an extensive amount of information at
small scales Ω ∼OðLÞ and a finite contribution at large
scales Γ separated by an information gap. The same
features are also clearly visible in the information per
scale as shown in the left inset of Fig. 2. The noninteger
Γ ≈ log2ð3Þ in the presence of an information gap indicates
the long-range nonstabilizerness of the state (see End

Matter for further details on this value of Γ). For
h ≫ 1=3 the value of Γ goes to zero, and local information
is present at small scales only, which indicates at most
short-range nonstabilizerness. In Fig. 2 we show both Γ and
Γfolded as functions of h for different system sizes L, where
curves for different L cross approximately at the phase
transition point h ¼ 1=3. There is a systematic flow on both
sides of the crossings such that Γ and Γfolded approach either
log2ð3Þ or 0 as L increases. Away from the critical point, for
h≲ 0.2, the total information at large scales for the folded
information lattice is Γfolded ≈ Γ, which indicates that long-
range nonstabilizerness originates from global correlations.
In the vicinity of the critical point, the information gap
closes and nonzero local information is present at all scales.
Thus Γ scales with system size and is no longer a witness of
long-range nonstabilizerness. In this case, the folding
procedure rearranges local information on the folded
information lattice such that there are additional contribu-
tions at large scales making Γfolded overestimate the global
correlations γglobal.
Discussion—We have shown that the information lattice

provides a straightforward and direct way to identify
nonstabilizerness in any quantum state. This stems from
the fact that local information in a stabilizer state is
necessarily an integer. In localized states, defined by the
presence of an information gap, the information lattice
allows us to detect long-range nonstabilizerness. The
information gap prevents the redistribution of information
between short and large scales under shallow local unitary
circuits, making the total information at large scales Γ an

FIG. 2. The total information at large scales in the unfolded and
folded chain of the symmetric ground state of the spin-1=2 three-
state Potts model, as a function of the magnetic field h and system
size L, with J ¼ 1. The inset on the right shows the information
lattice of the symmetric ground state at h ¼ 0 and L ¼ 12. The
left inset shows the information per scale for the same state (blue
line) and for the paramagnetic ground state at h ¼ 0.75 and
L ¼ 12 (red line).
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invariant. As a consequence, a noninteger Γ serves as a
witness of long-range nonstabilizerness, since it indicates
that a state cannot be transformed into a stabilizer state by
any shallow local unitary circuit. Using a folding procedure
we further identify global and edge-to-edge contributions to
Γ. Our method directly witnesses long-range nonstabilizer-
ness without the need of employing any minimization
procedure or a search for a shallow local unitary circuit
connecting the state to a stabilizer state.
As an example we have analyzed the long-range non-

stabilizerness of the spin-1=2 three-state Potts model. At
small magnetic field the symmetric ground state of the
model has large-scale information Γ ≈ log2ð3Þ, indicating
long-range nonstabilizerness. This comes directly from the
fact that the ground state is threefold degenerate. For a large
magnetic field, Γ ≈ 0 indicates at most short-range non-
stabilizerness. At the phase transition between these two
limits the ground state is no longer localized as the
information gap closes and Γ cannot be used as a witness
of long-range nonstabilizerness.
Since the information lattice is a state property, our

approach is independent of any parent Hamiltonian or any
protocol used to generate quantum states and aids in the
current efforts to characterize states in terms of the scale of
their nonstabilizerness. Witnessing long-range nonstabili-
zerness from Γ in localized states is computationally
efficient [58,78] as compared to brute-force methods
involving minimization of nonstabilizerness monotones
over all possible local unitary circuits (see End Matter).
The properties discussed in this Letter are also potentially
accessible through experiments as the density matrix can
be reconstructed experimentally through quantum state
tomography [79–83].
While in this Letter we focused on one-dimensional

systems, a possible future direction is to study nonstabi-
lizerness in localized states in higher dimensions. Our
framework can be readily used via a quasi-1D approach, in
which the information lattice of an effective one-dimen-
sional system is obtained by coarse-graining a higher-
dimensional system. More generally, one could explore
long-range nonstabilizerness in higher dimensions via a
higher-dimensional local decomposition of information
[84]. Another direction is to explore nonstabilizerness in
mixed-state phases [85,86], to which the information lattice
is directly applicable. Furthermore, generalizing the
characterization of quantum states by the scale of their
nonstabilizerness requires constructing a fully local decom-
position of nonstabilizerness akin to the information lattice.
This is, for example, relevant for characterizing critical and
ergodic states.
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End Matter

Interpretation of local information in terms of
conditional mutual information—The local information
iln [57] at position ðn;lÞ associated with the subsystem
Cln is the mutual information shared by the largest lower-
scale subsystems Cl−1n−1=2 and Cl−1nþ1=2 (consisting of sites

½0;l − 1� and ½1;l�, respectively) conditioned on the
total information available in their overlap, namely the
subsystem Cl−2n consisting of sites ½1;l−1�. For example,
i54.5 is the mutual information between subsystems C44
containing the sites [2,6] and C45 containing the
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sites [3,7], conditioned on their overlap, which is the
subsystem C34.5 containing sites [3,6].
At scale l ¼ 0 all subsystems are single-qubit, such

that the local information is simply the von Neumann
information

i0n ≔ IðC0nÞ: ðA1Þ

At scale l ¼ 1 the subsystems are two-qubit and can only
be partitioned into two single-qubit nonoverlapping sub-
systems C0n−1=2 and C0nþ1=2 for any n. The local information
at any ðn;l ¼ 1Þ is thus equivalent to mutual information
of the lower scale subsystems in the absence of overlapping
regions and is given by

i1n ≔ iðC0n−1=2; C0nþ1=2Þ
¼ Iðρ1nÞ − Iðρ0n−1=2Þ − Iðρ0nþ1=2Þ: ðA2Þ

At scale l ¼ 2, all subsystems C2n consist of three qubits
and the largest lower scale subsystems contained within
them are C1n−1=2, C

1
nþ1=2, each consisting of two qubits, such

that they overlap at subsystem C0n. The local information at
any ðn;l ¼ 2Þ is thus the mutual information of the lower-
scale two qubit subsystems conditioned on the information
available to the single-qubit overlap C0n and is given by

i2n ≔ iðC1n−1=2; C1nþ1=2jC0nÞ
¼ Iðρ2nÞ − Iðρ1n−1=2Þ − Iðρ1nþ1=2Þ þ Iðρ0nÞ: ðA3Þ

For any l > 2 the definition is the same as in Eq. (A3),
where the overlap contains l − 1 sites, thus

iln ≔

(
IðClnÞ; l ¼ 0

IðCl−1n−1=2; C
l−1
nþ1=2jCl−2n Þ; l > 1:

ðA4Þ

Written in terms of disjoint subsystems, this definition is
equivalent to the conditional mutual information of the
leftmost qubit C0n−l=2 and the rightmost qubit C0nþl=2

conditioned on the intermediate region Cl−2n , such
that iln ¼ IðC0n−l=2; C0nþl=2jCl−2n Þ.
Von Neumann entropy of stabilizer states—Following

Ref. [74], the density matrix of an L-qubit stabilizer
state jψi ¼ j0i⊗L, where UC is a Clifford circuit, can be
written in the form

ρ ¼ jψihψ j ¼ UCj0i⊗Lh0j⊗LUC
†

¼ UC

YL
i

I þ Zi

2
UC

† ¼ 1

2L

YL
i

ðI þ giÞ ¼
1

2L

X
g∈G

g; ðB1Þ

where I is the identity matrix, g are the elements of the
stabilizer group G of the state, and gi are the generators.

Decomposing the chain into two disjoint subsystems, A
and B, the reduced density matrix of subsystem A can
be written as

ρA ¼ TrBðρÞ ¼ TrB

 
1

2L

X
g∈G

g

!
¼ 1

2L

X
g∈G

TrðgBÞgA

¼ 2LB

2L

X
gA ∈GA

gA ¼ 1

2LA

X
gA ∈GA

gA; ðB2Þ

where GA is the stabilizer subgroup for subsystem A,
L ¼ LA þ LB, and we used the fact that the trace
of any Pauli matrix vanishes except in the case of
identity, which gives 2N . The von Neumann entropy of
subsystem A can be calculated using that

ρ2A ¼ 1

2LA

1

2LA

X
gA ∈GA

X
g̃A ∈GA

gAg̃A

¼ 1

2LA

X
g̃A ∈GA

 
1

2LA

X
g0A ∈GA

g0A

!
¼ dimðGAÞ

2LA
ρA: ðB3Þ

This means that the nonzero eigenvalues of the reduced
density matrix of a stabilizer state are completely
degenerate and equal to λ ¼ dimðGAÞ=2LA , and since ρA
has unit trace there are exactly 2NA= dimðGAÞ such
nonzero eigenvalues. The von Neumann entropy of a
subsystem is then given by

SðρAÞ ¼ −TrfρA log ρAg ¼ −
X
λ

λ log λ

¼ −
2LA

dimðGAÞ
dimðGAÞ

2LA
log

�
dimðGAÞ

2LA

�
¼ LA − jGAj;

ðB4Þ

where jGj is the rank of the stabilizer subgroup.

Fine-tuned example of a nonstabilizer state with
integer values of local information—A four-qubit state
with only integer local values on the information lattice is
given by jΨi ¼P4

k¼1

ffiffiffiffiffi
λk

p jBki12CZ34jBki34, with jBki the
four Bell-pair states, CZ34 a controlled Z gate between the
third and fourth qubits, and values of λk given by (0.097
921 646 2, 0.097 921 646 2, 0.012 106 218 3, 0.792 050
489 4). These integer values of the local information are
not robust under random Clifford evolution, indicating that
the state jΨi is a nonstabilizer state.
The folding procedure—The folding procedure is

shown in Fig. 3(a), where the chain of length L ¼ 6 is
folded across the gray dashed line at its middle point,
resulting in a folded chain of length L0 ¼ 3. The sites in
the folded chain are given by the blue ovals, denoted by
n0, and encompass those sites of the unfolded chain, n,

PHYSICAL REVIEW LETTERS 137, 190402 (2026)

190402-8



belonging to each oval. The dotted red line sketches an
edge-to-edge correlation between sites n ¼ 0 and n ¼ 5
in the unfolded chain, which becomes completely local
to site n0 ¼ 0 in the folded chain. Global correlations,
on the other hand, do not become local upon folding,
and their sum at large scales is unchanged. An example
of the information lattice calculated for the symmetric

ground of the of the spin-1=2 three-state Potts model
from the main text at h ¼ 0 and L ¼ 24 is shown in
Fig. 3(b), while its folded counterpart is shown in 3(c).

Γ in symmetry broken states—Long-range non-
stabilizerness may arise in quantum systems when the
ground state of the Hamiltonian is degenerate. This occurs,
for example, when there is a spontaneously broken
symmetry. In the symmetric ground state, log2ðqÞ bits of
information are associated with the relative phases between
the different q degenerate states breaking the symmetry.
This results in Γ ¼ log2ðqÞ, thus q ≠ 2x with x∈N implies
Γ ∉ N and long-range nonstabilizerness. If the degenerate
states are product states, the bipartite entanglement entropy
S ¼ log2ðqÞ across any cut and thus equals Γ. This is,
however, not generic, and S does not suffice to extract Γ.

Computational cost—The cost of calculating the
information lattice for a generic state scales exponentially
with L, the limiting factor being the diagonalization of
the density matrices at the scale l ∼ L=2. In a localized
state the nonzero local information resides only at the
small and large scales, which can be efficiently calculated
[58,78]. This is due to the fact that for a pure state the
entanglement entropy of the reduced density matrix is
equal to that of its complement. Thus, witnessing long-
range nonstabilizerness via Γ is computationally less
expensive than minimizing a nonstabilizerness monotone
over all possible local unitary circuits.

(b)

(a)

(c)

FIG. 3. (a) Sketch of the folding procedure used to estimate
γglobal in a chain of length L ¼ 6. (b) Information lattice of the
symmetric ground state of the spin-1=2 three-state Potts model at
h ¼ 0 and for system size L ¼ 24. (c) Folded information lattice
for (b).
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