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The harvesting of quantum resources from the vacuum state of a quantum field is a central topic
in relativistic quantum information. While several proposals for the harvesting of entanglement
from the quantum vacuum exist, less attention has been paid to other quantum resources, such as
non-stabilizerness, commonly dubbed magic and quantified by the Stabilizer Rényi Entropy (SRE) [1].
In this work, we show how to harvest SRE from the vacuum state of a massless field, using accelerated
Unruh-DeWitt detectors in Minkowski spacetime. In particular, one can harvest a particular non-local
form of SRE that cannot be erased by local unitary operations. This non-local SRE is a fundamental
quantity to study the interplay between entanglement and non-stabilizer resources. We conclude our
work with an analysis of the CHSH inequalities: one cannot extract a violation from the quantum field
even when one can harvest the necessary resources for it.

Introduction.— The harvesting of quantum re-
sources from the vacuum state of a quantum
field [2–5] plays a prominent role in the interplay
of quantum information theory with quantum
field theory, due to its applications in quantum
information processing [6, 7], quantum gravity [8–
13] and newly discovered phenomena such as en-
ergy teleportation [14, 15].

Harvesting consists in extracting a quantum re-
source originally located in a quantum system,
e.g., a quantum field, where it cannot be exploited,
and moving it into another quantum system, e.g.,
a detector, from which the harvested resource can
then be used to perform useful tasks. The most
prominent and known example of these protocols
is entanglement harvesting: the vacuum state of
a free field is entangled when seen by an acceler-
ating observer [16, 17] and through an entangle-
ment harvesting protocol it is possible to move
the entanglement from the field to a pair of de-
tectors. This kind of protocol has been analyzed
in many different settings, as one can change the
kind of detector used for the harvesting [18, 19] or
consider causally disconnected [20] or accelerated
detectors [21, 22].

Beyond entanglement, more general quan-
tum resources can be harvested from quantum
fields [23–25]. In this Letter, we propose a novel
protocol aiming at harvesting non-stabilizerness,
colloquially dubbed magic. Non-stabilizerness is
the fundamental resource necessary to achieve
quantum advantage in computational tasks, and
it has thus received great attention for its role in
quantum information processing and quantum
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complexity. Indeed, from a complexity perspec-
tive, even maximally entangled states can be effi-
ciently simulated using classical resources [26–28],
as long as they do not possess resources beyond
stabilizer ones.

As non-stabilizerness is a fundamental resource
to achieve quantum advantage, many measures
for its quantification have been proposed [29–32],
such as the Wigner negativity [33], the stabilizer
rank [34] and the Stabilizer Rényi Entropy [1]. In
particular, the SRE is the unique computable magic
monotone for pure states [35] and it is computed
from the expectation values of a quantum state
over the Pauli strings. SRE can be computed in an
efficient way by perfect sampling [36, 37] and can
be extended both to qudits [38] and mixed states.
This resource is also experimentally measurable
[39].

Non-stabilizerness is a central quantity in sce-
narios that go beyond quantum information pro-
cessing. It has been proved that it plays a role in
Conformal Field Theories [40] and in processes
of state decoding from a black hole [41, 42]. Non-
stabilizerness has been recently shown to be a nec-
essary ingredient in the context of simulations of
quantum gravity models [43, 44], nuclear physics
[45, 46] and dense neutrinos systems [47].

If one restricts to Pauli measurements, non-
stabilizer resources are also necessary to violate
the Clauser-Horne-Shimony-Holt (CHSH) inequal-
ities [48]. This restriction corresponds to the re-
striction to local measurements in establishing the
importance of entanglement for such violations.

In this paper, we study the harvesting of both
SRE and entanglement from the vacuum of a scalar
field in an accelerated reference frame. We also
ask whether non-locality in the form of CHSH
violation can be harvested in this scenario. The
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answer is that one can harvest SRE from a quan-
tum field but there is no way that one, starting
with a resource-free state - that is, a state without
SE and EE - can violate CHSH inequalities by re-
source harvesting. Moreover, even if one starts
with an initial state containing one of the two re-
sources, there is no way of extracting a violation of
CHSH inequalities. In [49], the authors study the
behavior of the Bell operator in a the interaction
with quantum fields, but not with the goal of har-
vesting. Starting with a state that violates CHSH
inequalities, they find that the violation decreases
for the interaction with a quantum field.

In [50] a magic harvesting protocol has been pro-
posed using a three-level Unruh-DeWitt detector
and a quantifier known as mana [33]. Our work
differs from [50] and goes beyond it in at least two
aspects. First, as clarified by the authors, in [50]
the appearance of non-stabilizerness in the detec-
tor’s final state is due solely to the interaction of
the detector with the quantum field, so there is
no actual harvesting of the resource. In this pa-
per, we harvest the non-stabilizer resource from
the field in two ways: in a weak sense, because we
show that the protocol would not be able to induce
non-stabilizer resources if the quantum field did
not possess them and, in a strong sense, that the
extraction of a particularly strong form of SRE, the
so-called non-local SRE[43] is extracted through a
protocol that is a free operation for the associated
resource theory. Second, as we use SRE in place of
mana to quantify non-stabilizerness, we are able to
consider arbitrary states of the detectors. This al-
lows us to consider a different physical setting, e.g.
two causally disconnected observers moving with
two accelerating reference frames with parallel, an-
tiparallel and perpendicular mutual acceleration.

Harvesting protocol.— We consider two detectors
A and B moving in an accelerated reference frame
with respect to each other. These are modeled as
two level systems with Hamiltonian:

HAB = HA +HB =
Ω

2
ZA +

Ω

2
ZB , (1)

where Zi with i = A,B is the diagonal Pauli oper-
ator acting on the Hilbert spaces of system A and
B respectively. We consider a massless scalar field
ϕ in Minkowski space-time described by the free
Hamiltonian:

Hϕ =

∫
d3p

(2π)3
ϕ†pϕp. (2)

where p is the momentum of the field.
The two detectors interact with the quantum

field via the interaction Hamiltonian (in the inter-

action picture):

H
(i)
int = λϵi(τ)µi(τ)⊗ ϕ(xi(τ)), (3)

where i = A,B and τ is the proper time. Here λ is
a parameter gauging the strength of the interaction
and ϵi(τ) is a switching function describing the
turning on and off of the interaction. The operator
ϕ(xi(τ)) is the field operator evaluated along the
space-time trajectory of detector i. Finally, the
operator µi(τ) acts on the detector as:

µi(τ) = e−iΩτ |1⟩⟨0|+ e+iΩτ |0⟩⟨1| . (4)

Notice that in contrast with entanglement har-
vesting protocols, in principle one does not need
two detectors to harvest non stabilizer resources,
since this resource can be highly non-trivial even
for a single qubit. However, we chose to work
with two detectors as this allows us to study
also the interplay between entanglement and non-
stabilizerness. Furthermore, the presence of two
different detectors allows us to study the CHSH
inequality in the quantum relativistic setting.

The state of the joint system evolves in the in-
teraction picture according to the Hamiltonian in
Eq. (3), so that we can write the unitary operator
U describing the dynamics of the system as:

U = T exp

[
−i

(∫
dτAH

(A)
int +

∫
dτBH

(B)
int

)]
. (5)

One can then compute the final state of the joint
system as |ψf ⟩ = U |ψ0⟩. Since we are interested in
the resources of the detector state, we can trace out
the field degrees of freedom and obtain the final
(mixed) state of the detectors ρAB = Trϕ |ψf⟩⟨ψf |.
For instance, in the case the detectors are initial-
ized in the state |00⟩ one gets the following expres-
sion for ρAB :
1− |EA|2 − |EB |2 −X 0 0 M

0 |EB |2 ⟨EA|EB⟩ 0
0 ⟨EB |EA⟩ |EA|2 0
M∗ 0 0 X


where |Ei|2 is the probability of having the i-th
detector excited after the interaction, ⟨EB |EA⟩ is
the overlap between the excited states of the two
detectors and M is the probability that the two
detectors exchange a virtual particle. Once the pa-
rameters of the interaction are fixed, all terms only
depend on the trajectories of the detectors, i.e. on
the relative acceleration a. We show the full expres-
sions of these terms together with their physical
meaning in [51]. It is important to note that this
matrix is a bit different from the one usually ap-
pearing in the entanglement harvesting literature.
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Figure 1: Variations of SRE ∆M̃2(ρAB) (solid line), concurrence ∆C(ρAB) (dashed line), non-local SRE
∆MNL

2 (ϕ) (dashed-dotted line) and value of Bell operator ∆B0 (dotted line) as a function of the (parallel)
acceleration a∥. Panels (a) Initial state |00⟩, (b) initial state |Φ+⟩, (c) initial state |0⟩A ⊗ |T ⟩B . In panel (a)
and (b) the curves for ∆M̃2(ρAB) and ∆MNL

2 (ϕ) overlap perfectly as all the harvested SRE is non-local.

In fact, all the terms appearing in the density ma-
trix are of second order in λ, except for the term
X ≡ |EA|2|EB |2 + |⟨EA|EB⟩|2 + |M |2: this is of
fourth order, and it can be usually neglected in en-
tanglement harvesting protocols, as it plays no role
for the evaluation of the concurrence. However,
as SRE needs a properly defined density matrix in
order to be computed, here we need to retain the
term X in order to preserve the positivity of the
density matrix. We fix the interaction parameters
to Ω = 2, σ = 1 and L = 0.5, where Ω is the de-
tector energy gap, σ is the switching time of the
interaction and L is the initial relative distance of
the detectors. Then the density operator ρAB is a
function of the acceleration a only.

At this point, three main scenarios can be in-
dividuated, depending on the direction of accel-
eration of the two detectors, i.e., parallel a∥, an-
tiparallel a∦ and perpendicular a⊥ acceleration. The
only difference between these scenarios is in the
calculation of the matrix elements, while the over-
all structure of the reduced density matrix of the
detectors only depends on the initial state of the
detectors. As we shall see, SRE is always harvested
from the field, proving that acceleration is indeed
the source responsible for the generation of SRE.
We focus here on the parallel scenario, leaving the
antiparallel and perpendicular cases in [51].

Harvesting of SRE and entanglement.— As the
state ρAB of the two detectors after the interac-
tion with the field is mixed, some care is needed
in evaluating both SRE and entanglement. In the
case of two spins (qubit), a good monotone is the
concurrence C [52, 53], defined as:

C := max{0, λ1 − λ2 − λ3 − λ4} (6)

where λi are the eigenvalues in decreasing order
of the matrix R =

√
ρ1/2ρ̃ρ1/2 and ρ̃ = (Y ⊗

Y )ρ∗(Y ⊗ Y ).

We quantify the amount of non-stabilizerness in
the detectors final state via the 2-SRE, which for
pure states is defined as [1]:

M2(|ψ⟩) := − log d tr
[
Q|ψ⟩⟨ψ|⊗4

]
(7)

where Q := d−2
∑

P∈P P
⊗4, d is the dimension of

the Hilbert space and P indicates the set of all n
qubits Pauli strings, i.e. strings of the form P =
P1 ⊗ P2 ⊗ · · · ⊗ Pn, with Pi ∈ {X,Y, Z, I}. The
2-SRE can be extended to generic mixed states as

M̃2(ρ) =M2(ρ)− S2(ρ), (8)

where S2(ρ) = − log tr
[
ρ2
]

is the 2-Rényi entropy
of ρ. Plugging the expression for the final state
of the detectors ρAB into Eq. (8) one can find an
expression for the SRE M̃2(ρAB) as a function of
the acceleration a.

It is important to remark here that for mixed
states SRE does not have the usual meaning of
distillable non-stabilizer resources. In this sense,
it behaves exactly like the von Neumann entropy
for entanglement. However, it has the operational
meaning of quantifying the hardness of certain
quantum information protocols [54–56]. Moreover,
the resource free states M̃2(ρ) = 0 are those that
cannot be purified in a stabilizer state[26, 43]. The
quantity M̃2 is in fact a good proxy for this resource
theory[57].

The non-local non-stabilizerness can be defined
[43] as MNL(ϕ) := minR=UA⊗UB

M(R(ϕ)) for any
non-stabilizer monotone M . Non-local SRE is ob-
tained by using SRE as non-stabilizer measure.
MNL represents the non-stabilizer resources that
cannot be erased by local unitary operations. It
plays an important role in AdS-CFT as they rep-
resent the holographic dual of back-reaction. As
M(ϕ)NL vanishes identically on both product and
stabilizer states, it quantifies the non-locality of
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SRE and serves as a useful probe to investigate the
interplay between entangling and non-stabilizer
resources. Notice that a LOCC protocol would not
be able to extract non-local SRE MNL. So, to the
extent that there is genuine harvesting of entangle-
ment, there is genuine harvesting of MNL in the
strong sense.

CHSH inequalities.— Non-stabilizerness is also a
necessary ingredient in order to violate the CHSH
formulation of Bell’s inequality. Starting with the
state ω = |00⟩⟨00| and considering a Bell operator
B0 of the form

B0 = P
(1)
A

(
P

(1)
B + P

(2)
B

)
+ P

(2)
A

(
P

(1)
B − P

(2)
B

)
(9)

with all the P (j)
i ∈ {X,Y, Z}, one easily obtains:

b0 = Tr
[
B0CωC

†] ≤ 2 (10)

where C is any unitary operation belonging to the
Clifford group. The meaning of Eq. (10) is that
entanglement alone is not sufficient to violate the
CHSH inequality. Notice that this is not in con-
trast with the usual setting of Bell’s inequality in
the CHSH setting, where measurements in any
direction are allowed, which in general require
non stabilizer resources to be performed. One is
then tempted to check whether it is possible to har-
vest enough SRE and entanglement as to violate
the CHSH inequality, since this would imply the
possibility of harvesting non-locality.

In the following, we restrict our measurements
to be both local and Pauli. In this way, there are no
resources that go beyond Clifford or locality. We
thus define a Bell operator

B0 := XAXB +XAZB − ZAXB + ZAZB (11)

whose maximum value over the set of stabilizer
states is obtained for the maximally entangled
state |Φ+⟩ = (|00⟩ + |11⟩)/

√
2 and tr(B0Φ

+) = 2.
We define b0 ≡ Tr[ρAB(0)B0] the initial value of
the Bell operator.

Results.— As mentioned in the previous sec-
tion, here we focus only on the parallel acceler-
ation scenario. Results for other accelerations
are similar and can be found in [51]. Starting
from different initial states of the detectors, we
compute the variation of SRE ∆M̃2(ρAB), of the
concurrence ∆C(ρAB), of the expectation value
over the Bell operator in Eq. (11) ∆B0, and varia-
tion ∆MNL

2 (ϕ) of the non-local SRE MNL
2 (ϕ) :=

minR=UA⊗UB
M̃2(R(ϕ)).

Specifically, we consider three different initial
states |ψ0⟩AB of the detectors: the resource-free
state |00⟩AB , the maximally entangled, SRE-free
state |Φ+⟩AB and the separable, SRE-ful state

ρAB(0) M̃2 C b0 MNL
2

|00⟩ 0 0 1 0∣∣Φ+
〉

0 1 2 0

|0⟩ ⊗ |T ⟩ ≃ 0.415 0 −
√
2

2
0

Table I: Initial values of SRE M̃2, concurrence C,
Bell operator b0 and non-local SRE MNL

2 for
different choices of the initial state of the

detectors.

|0⟩A ⊗ |T ⟩B with |T ⟩ = (|0⟩ + eiπ/4 |1⟩)/
√
2.

We summarize the initial values of the quan-
tities of interest for the different initial states
in Table I. After interaction with the field
for the observer with acceleration a, we com-
pute (see Fig. 1a, 1b, 1c ) we the variations
∆M̃2(ρAB),∆C(ρAB),∆B0,∆M

NL
2 (ϕ) as a func-

tion of the acceleration a for the three choices of
initial states, respectively. In all cases, one harvests
both entanglement C and SRE M̃2.

We see that the harvesting of resources is non-
monotone with the acceleration a∥. Remarkably, if
there is no SRE in the initial state, all the harvested
SRE is non-local, so this is genuine harvesting in
the strong sense. Even if there is some local SRE
in the initial state, most of the harvested SRE is
still non-local, see fig.1c. In this latter case, even
the local part of the harvested SRE, would not
be produced if acceleration is zero, and the field
would be in a stabilizer state. At finite acceleration,
the SRE in the field enables the production of SRE
in the detectors: this is harvesting in the weak
sense[58].

Importantly, in all cases the CHSH cannot be vi-
olated. We remark here that similar results are ob-
tained, especially regarding CHSH, for any choice
of Pauli measurement in the definition of the Bell
operator B0, Eq. (11). If one starts with resource-
free states, there is no enough harvesting of the
resources to guarantee a CHSH violation, if one
saturates one of the resources, e.g., entanglement
or SRE (on one of the detectors), the interaction
with the field loses the resource as the other one
is harvested. In a way or another, the form of non-
locality displayed by CHSH violations cannot be
induced by interacting with the field.

To conclude, one can harvest substantial
amounts of SRE and entanglement, and even non-
local SRE. However, it is not possible to harvest
non-locality in the form of CHSH violation from
the quantum field.

Conclusions and outlook.— In this letter, we have
shown a protocol for SRE harvesting in accelerated
reference frames. The main result of the paper is
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that SRE can be harvested from the vacuum state
of a relativistic quantum field and stored into the
state of a detector interacting with the field. More-
over, SRE and entanglement can be harvested at
the same time, including in the particularly strong
form of non-local SRE.

We have also shown that, at least with this pro-
tocol, it is not possible to harvest non-locality from
the field, since there is either not enough entangle-
ment or enough SRE. Even starting with a maxi-
mally entangled state, one can harvest SRE in non-
local form, but a trade-off of resources happens so
that the CHSH inequalities can never be violated.
In perspective, we are going to address the ques-
tion whether there is at play a principle of funda-
mental nature, a no-go theorem for the harvesting
of true non-locality for a quantum field. Similarly,
one wonders how steering and the Reeh-Schlieder
theorem can be used to transfer state preparation
in the field to state preparation of detectors[59].

It would be interesting to study how the har-
vested SRE depends on the dimensionality of the
detectors. Then one could also consider more re-
alistic scenarios, for instance, studying the case
of finite detectors rather than point like, or with
different switching functions. Another interesting
possibility is to consider massive scalar field mov-
ing along a trajectory in curved space-time instead
of the simple setting of Minkowski background.
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Appendix A: Computation of the reduced density matrix of the detectors

In this section, we show how to derive the reduced density matrix of the detectors when they are
initialized in the state |00⟩. For different choices of the initial state, the procedure goes exactly the same.

Let us introduce the following notation to shorten significantly the expressions:

ϵi(t) = ϵ(τi(t))
dτi
dt
, ϕi(t) = ϕ(xi(t)), ϕi

± =

∫
dtϵi(t)e

±iΩτi(t)ϕi,
∣∣E±

i

〉
= ϕ±i |0⟩ϕ

where i ∈ {A,B}. Using this notation, the interaction Hamiltonian reads:

Hi = λϵi(t)(e
iΩτi(t) |1⟩ ⟨0|+ e−iΩτi(t) |0⟩ ⟨1|)⊗ ϕi(t) (A1)

The evolution occurs in both proper times τA and τB , and for small value of the coupling constant
λ << 1, the final state can be expanded as

|ψf ⟩ = U |ψi⟩ =
∑
n

λn
∣∣∣ψ(n)

f

〉
(A2)

To show this explicitly, we write U in terms of the coordinate time t, with respect to which the vacuum
state of the field is defined.

We expand U in Dyson series up to the second order:

U = T exp

[
−i

∫
dt
(dτA
dt

HA(τA(t)) +
dτB
dt

HB(τB(t))
)]

= 1− i

∫
dt
(dτA
dt

HA(τA(t)) +
dτB
dt

HB(τB(t))
)

− 1

2

∫
dt

∫
dt′T

[dτA
dt

HA(τA(t))
dτA
dt′

HA(τA(t
′)) +

dτB
dt

HB(τB(t))
dτB
dt′

HB(τB(t
′))

+
dτA
dt

HA(τA(t))
dτB
dt′

HB(τB(t
′)) +

dτB
dt

HB(τB(t))
dτA
dt′

HA(τA(t
′))

]
(A3)
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Before showing the perturbative terms of the final state |ψf ⟩, let us introduce the additional notation
that will be useful in the following:

ϕ±i (t) =

∫ t

−∞
dt′ϵi(t

′)e±iΩτi(t
′)ϕi(t

′),
∣∣E±

i (t)
〉
= ϕ±i (t) |0⟩ϕ

We can then compute the various terms of the series expansion.

• O(λ0) ∣∣∣ψ(0)
f

〉
= 1 |ψi⟩ = |00⟩ |0⟩ϕ (A4)

• O(λ1) ∣∣∣ψ(1)
f

〉
= −i

∫
dt
(dτA
dt

HA(τA(t)) +
dτB
dt

HB(τB(t))
)
|ψi⟩

= −iλ
∫
dt
[
ϵA(t)(e

iΩτA(t) |1⟩ ⟨0|+ e−iΩτA(t) |1⟩ ⟨0|)⊗ ϕA(t)

+ ϵB(t)(e
iΩτB(t) |0⟩ ⟨1|+ e−iΩτB(t) |1⟩ ⟨0|)⊗ ϕB

]
|00⟩ |0⟩ϕ

= −iλ
∫
dt
[
ϵA(t)e

iΩτA(t) |10⟩ ⊗ ϕA(t) |0⟩ϕ

+ ϵB(t)e
iΩτB(t) |01⟩ ⊗ ϕB(t) |0⟩ϕ

]
(A5)

= −iλ
(
|10⟩

∣∣E+
A

〉
+ |01⟩

∣∣E+
B

〉)
(A6)

• O(λ2)

∣∣∣ψ(2)
f

〉
= −λ

2

2

∫
dt

∫
dt′T

[
dτA
dt

dτA
dt′

HA(t)HA(t
′) +

dτA
dt

dτB
dt′

HA(t)HB(t
′)

+
dτB
dt

dτA
dt′

HB(t)HA(t
′) +

dτB
dt

dτB
dt′

HB(t)HB(t
′)

]
|ψi⟩ (A7)

Let us look first at one of these four integrals. For the term proportional to HA(t)HA(t
′) we get:∫

dt

∫
dt′
dτA
dt

dτA
dt′

HA(t)HA(t
′) |ψi⟩ =

∫
dt

∫ t

−∞
dt′
dτA
dt

dτA
dt′

HA(t)HA(t
′) |00⟩ |0⟩ϕ

=

∫
dt

∫ t

−∞
dt′ϵA(t)ϵA(t

′)
(
eiΩτA(t) |1⟩ ⟨0|A + e−iΩτA(t) |0⟩ ⟨1|A

)(
eiΩτA(t′) |1⟩ ⟨0|A

+ e−iΩτA(t′) |0⟩ ⟨1|A
)
|00⟩ϕA(t)ϕA(t′) |0⟩ϕ

=

∫
dt

∫ t

−∞
dt′ϵA(t)ϵA(t

′)e−iΩτA(t)eiΩτA(t′)ϕA(t)ϕA(t
′) |0⟩ϕ |00⟩

=

∫
dtϵA(t)e

−iΩτA(t)ϕA(t)
∣∣E+

A (t)
〉
|00⟩

= |00⟩ϕ−A
∣∣E+

A (t)
〉

(A8)

Notice that the operator ϕ−A act on the state
∣∣E+

A (t)
〉

performing an integration over the time
variable, ensuring that the resulting state would not depend on t.

The other combinations of Hamiltonians can be computed in the same way as above. One can
show that the final state at the second order in λ is given by:∣∣∣ψ(2)

f

〉
= −

(
|00⟩ϕ−A

∣∣E+
A (t)

〉
+ |11⟩ϕ+A

∣∣E+
B (t)

〉
+ |11⟩ϕ+B

∣∣E+
A (t)

〉
+ |00⟩ϕ−B

∣∣E+
B (t)

〉 )
(A9)
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Since we are interested in harvesting resources from the detector state, we have to trace out the degrees
of freedom of the field ρAB = Trϕ |ψf ⟩ ⟨ψf | Taking terms up to the second order in λ, one obtains the
following density matrix:

ρAB =


1− |EA|2 − |EB |2 0 0 M

0 |EB |2 ⟨EA|EB⟩ 0
0 ⟨EB |EA⟩ |EA|2 0
M∗ 0 0 0

+O
(
λ4

)
(A10)

where |Ei|2 is the probability of having the i-th detector excited after the interaction, M =
〈
E−

B

∣∣E+
A

〉
−〈

E+
B

∣∣E−
A

〉
is the probability that the two detectors exchange a virtual particle and ⟨EB |EA⟩ =

〈
E+

B

∣∣E+
A

〉
is the overlap between the excited states of the two detectors.

This reduced density matrix is perfectly fine if one is interested in computing only the concurrence of
the state, however the same is not true when computing the SRE. In fact, in order to correctly compute
the SRE one needs a fully legitimate, i.e. positive and trace class, density matrix. In order to do so one
has to expand the state up to the fourth order in λ. Applying the same method used for the other orders,
one obtains a density matrix of the form:

ρAB =


1− |EA|2 − |EB |2 − α− β −X 0 0 M + δ

0 |EB |2 + β ⟨EA|EB⟩+Π 0
0 ⟨EB |EA⟩+Π∗ |EA|2 + α 0

M∗ + δ∗ 0 0 X

+O
(
λ6

)
. (A11)

At this point we have simply numerically verified that α, β, δ,Π are way smaller than X , and can thus be
neglected. In fact, the only term needed to recover the positivity and the trace 1 of the density matrix is
X = |EA|2|EB |2 + |⟨EA|EB⟩|2 + |M |2, so that the correct density matrix to use is given by:

ρAB =


1− |EA|2 − |EB |2 −X 0 0 M

0 |EB |2 ⟨EA|EB⟩ 0
0 ⟨EB |EA⟩+ |EA|2 0
M∗ 0 0 X

 . (A12)

Appendix B: Three different acceleration scenarios

In this section we give the expression for the spacetime trajectories in the three different acceleration
scenarios of the two detectors, i.e., parallel a∥, antiparallel a∦ and perpendicular a⊥, and show how the
matrix elements of ρAB only depend on the acceleration in all three cases.

1. Parallel acceleration

Suppose the two detectors are accelerated along the x-direction with acceleration a∥ and initial mutual
distance L fixed to 1. The trajectories of both detectors have the y ad z coordinates set to 0 along the
motion, while the t and x coordinates are written in terms of the proper time as:

tA =
sinh a∥τA

a∥
, (B1)

xA =
L

2
+

cosh a∥τA − 1

a∥
, (B2)

tB =
sinh a∥τB

a∥
, (B3)

xB = −L
2
+

cosh a∥τB − 1

a∥
. (B4)
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<latexit sha1_base64="Pm1VXUNbCT67aRcxsWJcg0sh0u4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7rTqDfal7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2ZCkXU=</latexit>a

<latexit sha1_base64="tfyKyRoORYwQvP7DA9yqt1YoPec=">AAACG3icbVA9SwNBEN3zM8avqKXNYhAFIdyJqI0QtbGMYEwgF4+5zRgX9/aO3TlBzvwEf4K/wlYrO7G1sPC/eIkp1Piqx3szzLwXJkpact0PZ2x8YnJqujBTnJ2bX1gsLS2f2zg1AusiVrFphmBRSY11kqSwmRiEKFTYCK+P+37jBo2VsT6j2wTbEXS1vJQCKJeC0sadn1gZuL4B3VUYZIdHvYM7v3YlL7Z+akGp7FbcAfgo8YakzIaoBaVPvxOLNEJNQoG1Lc9NqJ2BISkU9op+ajEBcQ1dbOVUQ4S2nQ0C9fh6aoFinqDhUvGBiD83MoisvY3CfDICurJ/vb74n9dK6XK/nUmdpIRa9A+RVDg4ZIWReVPIO9IgEfQ/Ry41F2CACI3kIEQupnl1xbwP72/6UXK+XfF2K7unO+Xq0bCZAltla2yTeWyPVdkJq7E6E+yePbIn9uw8OC/Oq/P2PTrmDHdW2C84718AfKGR</latexit>

| 0iAB = |�+iAB

(b)

<latexit sha1_base64="bLg/r2QZgG6cVSbnxupEmIC0htE=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyC4xaEnUwsYEE3kk7IbcHS44YfaRmbsasqH2K2y1sjO2foeF/+KCFIqe6uSce3PPPX6spCHb/rByS8srq2v59cLG5tb2TrG02zJRogU2RaQi3fHBoJIhNkmSwk6sEQJfYdsfnU/99h1qI6PwhsYxegEMQzmQAiiTesWSe4GKwCWp+pheTXrVXrFsV+wZ+F/izEmZzdHoFT/dfiSSAEMSCozpOnZMXgqapFA4KbiJwRjECIbYzWgIARovnUWf8MPEAEU8Rs2l4jMRf26kEBgzDvxsMgC6NYveVPzP6yY0OPVSGcYJYSimh7IXcXbICC2zTpD3pUYimCZHLkMuQAMRaslBiExMspIKWR/O4vd/SatacWqV2vVxuX42bybP9tkBO2IOO2F1dskarMkEu2eP7Ik9Ww/Wi/VqvX2P5qz5zh77Bev9C/7DmG8=</latexit>

�M̃2
<latexit sha1_base64="9ChjC8TFOvMIFwMFNeUONFQa3uk=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4xaEnEwhITeSRAyN3hghNmH5m5qyEbar/CVis7Y+t3WPgv7q4UCp7q5Jx7c889bqikIdv+tHIrq2vrG/nNwtb2zu5esbTfMkGkBTZFoALdccGgkj42SZLCTqgRPFdh253UU799j9rIwL+laYh9D8a+HEkBlEiDYql3hYqg5wHdCVBxfTYolu2KnYEvE2dOymyOxqD41RsGIvLQJ6HAmK5jh9SPQZMUCmeFXmQwBDGBMXYT6oOHph9n0Wf8ODJAAQ9Rc6l4JuLvjRg8Y6aem0ymEc2il4r/ed2IRhf9WPphROiL9BBJhdkhI7RMOkE+lBqJIE2OXPpcgAYi1JKDEIkYJSUVkj6cxe+XSeu04lQr1Zuzcu1y3kyeHbIjdsIcds5q7Jo1WJMJ9sCe2DN7sR6tV+vNev8ZzVnznQP2B9bHN0SRmJw=</latexit>

�C
<latexit sha1_base64="A3e8sUk0XPu9QcyFvjriGSDur7w=">AAAB/HicbVA9TwJBEN3zE/ELtbTZSEysyJ0xaEnQwhIT+YhwIXPLgBv29i67cyaE4K+w1crO2PpfLPwv3iGFgq96eW8m8+YFsZKWXPfTWVpeWV1bz23kN7e2d3YLe/sNGyVGYF1EKjKtACwqqbFOkhS2YoMQBgqbwfAy85sPaKyM9C2NYvRDGGjZlwIole46V6gIeLXrdgtFt+ROwReJNyNFNkOtW/jq9CKRhKhJKLC27bkx+WMwJIXCSb6TWIxBDGGA7ZRqCNH642niCT9OLFDEYzRcKj4V8ffGGEJrR2GQToZA93bey8T/vHZC/Qt/LHWcEGqRHSKpcHrICiPTKpD3pEEiyJIjl5oLMECERnIQIhWTtJt82oc3//0iaZyWvHKpfHNWrFRnzeTYITtiJ8xj56zCrlmN1Zlgmj2xZ/biPDqvzpvz/jO65Mx2DtgfOB/fLoeUpQ==</latexit>

�B0
<latexit sha1_base64="zjF3E2afUXPiKE9zqaAp9mdg5nU=">AAACA3icbVC7TgJBFJ3FF+KDVUubicTEiuwSg5ZELSzUYCKPBJDcHS44YfaRmbsmZEPpV9hqZWds/RAL/8UFKRQ91ck59+aee7xISUOO82FlFhaXlleyq7m19Y3NvL21XTdhrAXWRKhC3fTAoJIB1kiSwmakEXxPYcMbnk78xj1qI8PghkYRdnwYBLIvBVAqde18+wwVAb/slm6Tq4tx1y44RWcK/pe4M1JgM1S79me7F4rYx4CEAmNarhNRJwFNUigc59qxwQjEEAbYSmkAPppOMg0+5vuxAQp5hJpLxaci/txIwDdm5HvppA90Z+a9ifif14qpf9xJZBDFhIGYHCKpcHrICC3TRpD3pEYimCRHLgMuQAMRaslBiFSM04pyaR/u/Pd/Sb1UdMvF8vVhoXIyaybLdtkeO2AuO2IVds6qrMYEi9kje2LP1oP1Yr1ab9+jGWu2s8N+wXr/Ao50lwU=</latexit>

�MNL
2

<latexit sha1_base64="Pm1VXUNbCT67aRcxsWJcg0sh0u4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7rTqDfal7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2ZCkXU=</latexit>a

<latexit sha1_base64="DFEV1htW5pg7tkjzWtYKfUP4UPo=">AAACJnicbVDLSgNBEJz1bXxFPXoZDIKnsCuiXgSNF48KeUE2LL2TNg7Ozi4zvYJs8h9+gl/hVU/eRDwIfoqbGEWNdaqp6qamK0yUtOS6r87E5NT0zOzcfGFhcWl5pbi6VrdxagTWRKxi0wzBopIaayRJYTMxCFGosBFenQz8xjUaK2NdpZsE2xF0tbyQAiiXguJOz0+sDFzfgO4qDLLjSv+w9/089mOSEVreq35JlaBYcsvuEHyceCNSYiOcBcU3vxOLNEJNQoG1Lc9NqJ2BISkU9gt+ajEBcQVdbOVUQx7Yzoa39flWaoFinqDhUvGhiD83MoisvYnCfDICurR/vYH4n9dK6eKgnUmdpIRaDIJIKhwGWWFkXhryjjRIBIOfI5eaCzBAhEZyECIX07zFQt6H9/f6cVLfKXt75b3z3dJRZdTMHNtgm2ybeWyfHbFTdsZqTLBbds8e2KNz5zw5z87L5+iEM9pZZ7/gvH8A+pCmQg==</latexit>| 0iAB = |0iA ⌦ |T iB

(c)

Figure 2: Plots of the harvested magic (local and non local) and entanglement, together with the
expectation value of the Bell operator, as a function of the acceleration a in the case of antiparallel

acceleration a∦. Panel 2a shows the evolution of the harvested resources when the detectors start in the
state |ψ0⟩AB = |00⟩AB . Panel 2b shows the harvested resources when the detectors start in the Bell state

|Φ+⟩AB . Panel 2c shows the harvested resources when the detectors are initialized in the state
|ψ0⟩AB = |0⟩A ⊗ |T ⟩B .

Let us look at the expression of the term |EA|2:

|EA|2 =
〈
E+

A

∣∣E−
A

〉
=

∫ ∫
e−

τA
2σ2 e−

τ′
A

2σ2 e−iΩ(τA−τ ′
A)W (τA, τ

′
A, a∥)dτAdτ

′
A (B5)

where

W (τA, τ
′
A, a∥) := ⟨0|ϕA(x(τA), t(τA))ϕA(x(τ ′A), t(τ ′A)) |0⟩ (B6)

= − 1

4π2

1

(t(τA)− t(τ ′A)− iϵ)2 − |x(τA)− x(τ ′A)|
2 . (B7)

is the Wightman function of the massless scalar field:
This function depends on the proper times and on the acceleration according to the trajectories of the

detectors. Finally, after the integrations in (B5), the term |EA|2 is only a function of the acceleration.
In a similar way, all the matrix elements can also be derived as integral functions depending on the

acceleration parameter. For example, the off-diagonal term:

⟨EA|EB⟩ =

∫ ∫
e−

τ2
A

2σ2 e−
τ2
B

2σ2 eiΩ(τA+τB)W (τA, τB , a∥)dτAdτB (B8)

2. Anti-parallel acceleration

The setting for anti-parallel acceleration a∦ is the same as the previous case, but one of the two detectors
has the spatial coordinate x with inverted sign:

tA =
sinh a∦τA

a∦
, (B9)

xA =
L

2
+

cosh a∦τA − 1

a∦
, (B10)

tB =
sinh a∦τB

a∦
, (B11)

xB = −L
2
− cosh a∦τB − 1

a∦
. (B12)

With the same calculations shown for the parallel case, all the matrix elements of the detectors final
state are written as integrals of the Wightman functions and after numerical integration over the proper
times, all the terms will functions of the acceleration a∦. In Fig. 2, we show the harvested magic and
entanglement together with the expectation value of the Bell operator for detectors with antiparallel
acceleration.
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<latexit sha1_base64="GsZeNG/kkl632dj1P+Nx8w0Rr7U=">AAACF3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYphIYySCRBiqNofSzhxPls3a2RkJMP4BP4Clqo6BAtJQX/gm1S8JpqbmZWeztBrKQl1313pqZnZufmSwvlxaXlldXK2nrHRokR2BaRisx5ABaV1NgmSQrPY4MQBgq7wfVx7ndv0FgZ6TO6jbEfwlDLSymAMmlQqY782MqB6xvQQ4WD9Kg5Phy5P95Zyq25Bfhf4k1IlU3QGlQ+/ItIJCFqEgqs7XluTP0UDEmhcFz2E4sxiGsYYi+jGkK0/bQ4Zsy3EwsU8RgNl4oXIn6fSCG09jYMsmQIdGV/e7n4n9dL6PKgn0odJ4Ra5ItIKiwWWWFk1hLyC2mQCPKfI5eaCzBAhEZyECITk6y2ctaH9/v6v6SzW/PqtfrpXrXRnDRTYptsi+0wj+2zBjthLdZmgt2xB/bInpx759l5cV6/olPOZGaD/YDz9gmfup/D</latexit>| 0iAB = |00iAB

<latexit sha1_base64="bLg/r2QZgG6cVSbnxupEmIC0htE=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyC4xaEnUwsYEE3kk7IbcHS44YfaRmbsasqH2K2y1sjO2foeF/+KCFIqe6uSce3PPPX6spCHb/rByS8srq2v59cLG5tb2TrG02zJRogU2RaQi3fHBoJIhNkmSwk6sEQJfYdsfnU/99h1qI6PwhsYxegEMQzmQAiiTesWSe4GKwCWp+pheTXrVXrFsV+wZ+F/izEmZzdHoFT/dfiSSAEMSCozpOnZMXgqapFA4KbiJwRjECIbYzWgIARovnUWf8MPEAEU8Rs2l4jMRf26kEBgzDvxsMgC6NYveVPzP6yY0OPVSGcYJYSimh7IXcXbICC2zTpD3pUYimCZHLkMuQAMRaslBiExMspIKWR/O4vd/SatacWqV2vVxuX42bybP9tkBO2IOO2F1dskarMkEu2eP7Ik9Ww/Wi/VqvX2P5qz5zh77Bev9C/7DmG8=</latexit>

�M̃2
<latexit sha1_base64="9ChjC8TFOvMIFwMFNeUONFQa3uk=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4xaEnEwhITeSRAyN3hghNmH5m5qyEbar/CVis7Y+t3WPgv7q4UCp7q5Jx7c889bqikIdv+tHIrq2vrG/nNwtb2zu5esbTfMkGkBTZFoALdccGgkj42SZLCTqgRPFdh253UU799j9rIwL+laYh9D8a+HEkBlEiDYql3hYqg5wHdCVBxfTYolu2KnYEvE2dOymyOxqD41RsGIvLQJ6HAmK5jh9SPQZMUCmeFXmQwBDGBMXYT6oOHph9n0Wf8ODJAAQ9Rc6l4JuLvjRg8Y6aem0ymEc2il4r/ed2IRhf9WPphROiL9BBJhdkhI7RMOkE+lBqJIE2OXPpcgAYi1JKDEIkYJSUVkj6cxe+XSeu04lQr1Zuzcu1y3kyeHbIjdsIcds5q7Jo1WJMJ9sCe2DN7sR6tV+vNev8ZzVnznQP2B9bHN0SRmJw=</latexit>

�C
<latexit sha1_base64="A3e8sUk0XPu9QcyFvjriGSDur7w=">AAAB/HicbVA9TwJBEN3zE/ELtbTZSEysyJ0xaEnQwhIT+YhwIXPLgBv29i67cyaE4K+w1crO2PpfLPwv3iGFgq96eW8m8+YFsZKWXPfTWVpeWV1bz23kN7e2d3YLe/sNGyVGYF1EKjKtACwqqbFOkhS2YoMQBgqbwfAy85sPaKyM9C2NYvRDGGjZlwIole46V6gIeLXrdgtFt+ROwReJNyNFNkOtW/jq9CKRhKhJKLC27bkx+WMwJIXCSb6TWIxBDGGA7ZRqCNH642niCT9OLFDEYzRcKj4V8ffGGEJrR2GQToZA93bey8T/vHZC/Qt/LHWcEGqRHSKpcHrICiPTKpD3pEEiyJIjl5oLMECERnIQIhWTtJt82oc3//0iaZyWvHKpfHNWrFRnzeTYITtiJ8xj56zCrlmN1Zlgmj2xZ/biPDqvzpvz/jO65Mx2DtgfOB/fLoeUpQ==</latexit>

�B0
<latexit sha1_base64="zjF3E2afUXPiKE9zqaAp9mdg5nU=">AAACA3icbVC7TgJBFJ3FF+KDVUubicTEiuwSg5ZELSzUYCKPBJDcHS44YfaRmbsmZEPpV9hqZWds/RAL/8UFKRQ91ck59+aee7xISUOO82FlFhaXlleyq7m19Y3NvL21XTdhrAXWRKhC3fTAoJIB1kiSwmakEXxPYcMbnk78xj1qI8PghkYRdnwYBLIvBVAqde18+wwVAb/slm6Tq4tx1y44RWcK/pe4M1JgM1S79me7F4rYx4CEAmNarhNRJwFNUigc59qxwQjEEAbYSmkAPppOMg0+5vuxAQp5hJpLxaci/txIwDdm5HvppA90Z+a9ifif14qpf9xJZBDFhIGYHCKpcHrICC3TRpD3pEYimCRHLgMuQAMRaslBiFSM04pyaR/u/Pd/Sb1UdMvF8vVhoXIyaybLdtkeO2AuO2IVds6qrMYEi9kje2LP1oP1Yr1ab9+jGWu2s8N+wXr/Ao50lwU=</latexit>

�MNL
2

<latexit sha1_base64="Pm1VXUNbCT67aRcxsWJcg0sh0u4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7rTqDfal7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2ZCkXU=</latexit>a

(a)

<latexit sha1_base64="bLg/r2QZgG6cVSbnxupEmIC0htE=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyC4xaEnUwsYEE3kk7IbcHS44YfaRmbsasqH2K2y1sjO2foeF/+KCFIqe6uSce3PPPX6spCHb/rByS8srq2v59cLG5tb2TrG02zJRogU2RaQi3fHBoJIhNkmSwk6sEQJfYdsfnU/99h1qI6PwhsYxegEMQzmQAiiTesWSe4GKwCWp+pheTXrVXrFsV+wZ+F/izEmZzdHoFT/dfiSSAEMSCozpOnZMXgqapFA4KbiJwRjECIbYzWgIARovnUWf8MPEAEU8Rs2l4jMRf26kEBgzDvxsMgC6NYveVPzP6yY0OPVSGcYJYSimh7IXcXbICC2zTpD3pUYimCZHLkMuQAMRaslBiExMspIKWR/O4vd/SatacWqV2vVxuX42bybP9tkBO2IOO2F1dskarMkEu2eP7Ik9Ww/Wi/VqvX2P5qz5zh77Bev9C/7DmG8=</latexit>

�M̃2
<latexit sha1_base64="9ChjC8TFOvMIFwMFNeUONFQa3uk=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4xaEnEwhITeSRAyN3hghNmH5m5qyEbar/CVis7Y+t3WPgv7q4UCp7q5Jx7c889bqikIdv+tHIrq2vrG/nNwtb2zu5esbTfMkGkBTZFoALdccGgkj42SZLCTqgRPFdh253UU799j9rIwL+laYh9D8a+HEkBlEiDYql3hYqg5wHdCVBxfTYolu2KnYEvE2dOymyOxqD41RsGIvLQJ6HAmK5jh9SPQZMUCmeFXmQwBDGBMXYT6oOHph9n0Wf8ODJAAQ9Rc6l4JuLvjRg8Y6aem0ymEc2il4r/ed2IRhf9WPphROiL9BBJhdkhI7RMOkE+lBqJIE2OXPpcgAYi1JKDEIkYJSUVkj6cxe+XSeu04lQr1Zuzcu1y3kyeHbIjdsIcds5q7Jo1WJMJ9sCe2DN7sR6tV+vNev8ZzVnznQP2B9bHN0SRmJw=</latexit>

�C
<latexit sha1_base64="A3e8sUk0XPu9QcyFvjriGSDur7w=">AAAB/HicbVA9TwJBEN3zE/ELtbTZSEysyJ0xaEnQwhIT+YhwIXPLgBv29i67cyaE4K+w1crO2PpfLPwv3iGFgq96eW8m8+YFsZKWXPfTWVpeWV1bz23kN7e2d3YLe/sNGyVGYF1EKjKtACwqqbFOkhS2YoMQBgqbwfAy85sPaKyM9C2NYvRDGGjZlwIole46V6gIeLXrdgtFt+ROwReJNyNFNkOtW/jq9CKRhKhJKLC27bkx+WMwJIXCSb6TWIxBDGGA7ZRqCNH642niCT9OLFDEYzRcKj4V8ffGGEJrR2GQToZA93bey8T/vHZC/Qt/LHWcEGqRHSKpcHrICiPTKpD3pEEiyJIjl5oLMECERnIQIhWTtJt82oc3//0iaZyWvHKpfHNWrFRnzeTYITtiJ8xj56zCrlmN1Zlgmj2xZ/biPDqvzpvz/jO65Mx2DtgfOB/fLoeUpQ==</latexit>

�B0
<latexit sha1_base64="zjF3E2afUXPiKE9zqaAp9mdg5nU=">AAACA3icbVC7TgJBFJ3FF+KDVUubicTEiuwSg5ZELSzUYCKPBJDcHS44YfaRmbsmZEPpV9hqZWds/RAL/8UFKRQ91ck59+aee7xISUOO82FlFhaXlleyq7m19Y3NvL21XTdhrAXWRKhC3fTAoJIB1kiSwmakEXxPYcMbnk78xj1qI8PghkYRdnwYBLIvBVAqde18+wwVAb/slm6Tq4tx1y44RWcK/pe4M1JgM1S79me7F4rYx4CEAmNarhNRJwFNUigc59qxwQjEEAbYSmkAPppOMg0+5vuxAQp5hJpLxaci/txIwDdm5HvppA90Z+a9ifif14qpf9xJZBDFhIGYHCKpcHrICC3TRpD3pEYimCRHLgMuQAMRaslBiFSM04pyaR/u/Pd/Sb1UdMvF8vVhoXIyaybLdtkeO2AuO2IVds6qrMYEi9kje2LP1oP1Yr1ab9+jGWu2s8N+wXr/Ao50lwU=</latexit>

�MNL
2

<latexit sha1_base64="Pm1VXUNbCT67aRcxsWJcg0sh0u4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7rTqDfal7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2ZCkXU=</latexit>a

<latexit sha1_base64="tfyKyRoORYwQvP7DA9yqt1YoPec=">AAACG3icbVA9SwNBEN3zM8avqKXNYhAFIdyJqI0QtbGMYEwgF4+5zRgX9/aO3TlBzvwEf4K/wlYrO7G1sPC/eIkp1Piqx3szzLwXJkpact0PZ2x8YnJqujBTnJ2bX1gsLS2f2zg1AusiVrFphmBRSY11kqSwmRiEKFTYCK+P+37jBo2VsT6j2wTbEXS1vJQCKJeC0sadn1gZuL4B3VUYZIdHvYM7v3YlL7Z+akGp7FbcAfgo8YakzIaoBaVPvxOLNEJNQoG1Lc9NqJ2BISkU9op+ajEBcQ1dbOVUQ4S2nQ0C9fh6aoFinqDhUvGBiD83MoisvY3CfDICurJ/vb74n9dK6XK/nUmdpIRa9A+RVDg4ZIWReVPIO9IgEfQ/Ry41F2CACI3kIEQupnl1xbwP72/6UXK+XfF2K7unO+Xq0bCZAltla2yTeWyPVdkJq7E6E+yePbIn9uw8OC/Oq/P2PTrmDHdW2C84718AfKGR</latexit>

| 0iAB = |�+iAB

(b)

<latexit sha1_base64="bLg/r2QZgG6cVSbnxupEmIC0htE=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyC4xaEnUwsYEE3kk7IbcHS44YfaRmbsasqH2K2y1sjO2foeF/+KCFIqe6uSce3PPPX6spCHb/rByS8srq2v59cLG5tb2TrG02zJRogU2RaQi3fHBoJIhNkmSwk6sEQJfYdsfnU/99h1qI6PwhsYxegEMQzmQAiiTesWSe4GKwCWp+pheTXrVXrFsV+wZ+F/izEmZzdHoFT/dfiSSAEMSCozpOnZMXgqapFA4KbiJwRjECIbYzWgIARovnUWf8MPEAEU8Rs2l4jMRf26kEBgzDvxsMgC6NYveVPzP6yY0OPVSGcYJYSimh7IXcXbICC2zTpD3pUYimCZHLkMuQAMRaslBiExMspIKWR/O4vd/SatacWqV2vVxuX42bybP9tkBO2IOO2F1dskarMkEu2eP7Ik9Ww/Wi/VqvX2P5qz5zh77Bev9C/7DmG8=</latexit>

�M̃2
<latexit sha1_base64="9ChjC8TFOvMIFwMFNeUONFQa3uk=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4xaEnEwhITeSRAyN3hghNmH5m5qyEbar/CVis7Y+t3WPgv7q4UCp7q5Jx7c889bqikIdv+tHIrq2vrG/nNwtb2zu5esbTfMkGkBTZFoALdccGgkj42SZLCTqgRPFdh253UU799j9rIwL+laYh9D8a+HEkBlEiDYql3hYqg5wHdCVBxfTYolu2KnYEvE2dOymyOxqD41RsGIvLQJ6HAmK5jh9SPQZMUCmeFXmQwBDGBMXYT6oOHph9n0Wf8ODJAAQ9Rc6l4JuLvjRg8Y6aem0ymEc2il4r/ed2IRhf9WPphROiL9BBJhdkhI7RMOkE+lBqJIE2OXPpcgAYi1JKDEIkYJSUVkj6cxe+XSeu04lQr1Zuzcu1y3kyeHbIjdsIcds5q7Jo1WJMJ9sCe2DN7sR6tV+vNev8ZzVnznQP2B9bHN0SRmJw=</latexit>

�C
<latexit sha1_base64="A3e8sUk0XPu9QcyFvjriGSDur7w=">AAAB/HicbVA9TwJBEN3zE/ELtbTZSEysyJ0xaEnQwhIT+YhwIXPLgBv29i67cyaE4K+w1crO2PpfLPwv3iGFgq96eW8m8+YFsZKWXPfTWVpeWV1bz23kN7e2d3YLe/sNGyVGYF1EKjKtACwqqbFOkhS2YoMQBgqbwfAy85sPaKyM9C2NYvRDGGjZlwIole46V6gIeLXrdgtFt+ROwReJNyNFNkOtW/jq9CKRhKhJKLC27bkx+WMwJIXCSb6TWIxBDGGA7ZRqCNH642niCT9OLFDEYzRcKj4V8ffGGEJrR2GQToZA93bey8T/vHZC/Qt/LHWcEGqRHSKpcHrICiPTKpD3pEEiyJIjl5oLMECERnIQIhWTtJt82oc3//0iaZyWvHKpfHNWrFRnzeTYITtiJ8xj56zCrlmN1Zlgmj2xZ/biPDqvzpvz/jO65Mx2DtgfOB/fLoeUpQ==</latexit>

�B0
<latexit sha1_base64="zjF3E2afUXPiKE9zqaAp9mdg5nU=">AAACA3icbVC7TgJBFJ3FF+KDVUubicTEiuwSg5ZELSzUYCKPBJDcHS44YfaRmbsmZEPpV9hqZWds/RAL/8UFKRQ91ck59+aee7xISUOO82FlFhaXlleyq7m19Y3NvL21XTdhrAXWRKhC3fTAoJIB1kiSwmakEXxPYcMbnk78xj1qI8PghkYRdnwYBLIvBVAqde18+wwVAb/slm6Tq4tx1y44RWcK/pe4M1JgM1S79me7F4rYx4CEAmNarhNRJwFNUigc59qxwQjEEAbYSmkAPppOMg0+5vuxAQp5hJpLxaci/txIwDdm5HvppA90Z+a9ifif14qpf9xJZBDFhIGYHCKpcHrICC3TRpD3pEYimCRHLgMuQAMRaslBiFSM04pyaR/u/Pd/Sb1UdMvF8vVhoXIyaybLdtkeO2AuO2IVds6qrMYEi9kje2LP1oP1Yr1ab9+jGWu2s8N+wXr/Ao50lwU=</latexit>

�MNL
2

<latexit sha1_base64="Pm1VXUNbCT67aRcxsWJcg0sh0u4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7rTqDfal7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2ZCkXU=</latexit>a

<latexit sha1_base64="DFEV1htW5pg7tkjzWtYKfUP4UPo=">AAACJnicbVDLSgNBEJz1bXxFPXoZDIKnsCuiXgSNF48KeUE2LL2TNg7Ozi4zvYJs8h9+gl/hVU/eRDwIfoqbGEWNdaqp6qamK0yUtOS6r87E5NT0zOzcfGFhcWl5pbi6VrdxagTWRKxi0wzBopIaayRJYTMxCFGosBFenQz8xjUaK2NdpZsE2xF0tbyQAiiXguJOz0+sDFzfgO4qDLLjSv+w9/089mOSEVreq35JlaBYcsvuEHyceCNSYiOcBcU3vxOLNEJNQoG1Lc9NqJ2BISkU9gt+ajEBcQVdbOVUQx7Yzoa39flWaoFinqDhUvGhiD83MoisvYnCfDICurR/vYH4n9dK6eKgnUmdpIRaDIJIKhwGWWFkXhryjjRIBIOfI5eaCzBAhEZyECIX07zFQt6H9/f6cVLfKXt75b3z3dJRZdTMHNtgm2ybeWyfHbFTdsZqTLBbds8e2KNz5zw5z87L5+iEM9pZZ7/gvH8A+pCmQg==</latexit>| 0iAB = |0iA ⌦ |T iB

(c)

Figure 3: Plots of the harvested magic (local and non local) and entanglement, together with the
expectation value of the Bell operator, as a function of the acceleration a⊥ in the case of perpendicular
acceleration. Panel 3a shows the evolution of the harvested resources when the detectors start in the

state |ψ0⟩AB = |00⟩AB . Panel 3b shows the harvested resources when the detectors start in the Bell state
|Φ+⟩AB . Panel 3c shows the harvested resources when the detectors are initialized in the state

|ψ0⟩AB = |0⟩A ⊗ |T ⟩B .

3. Perpendicular acceleration

Without loss of generality, we can take spacetime trajectories of detectors in perpendicular acceleration
a⊥ as:

tA =
sinh a⊥τA

a⊥
, (B13)

yA =
cosh a⊥τA − 1

a⊥
, (B14)

tB =
sinh a⊥τB

a⊥
, (B15)

xB =
cosh a⊥τB − 1

a⊥
+ L. (B16)

In Fig. 3, we show the harvested magic and entanglement together with the expectation value of the
Bell operator for detectors with perpendicular acceleration.
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