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The quantum gate and quantum memory are building blocks for distributed quantum computation. It is a
longstanding goal to implement high-fidelity quantum operations with quantum network modules to process and
store quantum information. Here we propose a high-performance heralded squeezing gate with quantum network
modules. By distributing one submode of the entangled state to a quantum network module, a heralded squeezing
gate is realized, and the fidelity is enhanced by the heralding filter. Furthermore, the heralded squeezing gate can
be realized between two network modules, where quantum operation can be manipulated by another quantum
network module. Our scheme is scalable for quantum network modules and provides a direct reference for
potential practical applications of distributed quantum computation.
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I. INTRODUCTION

Quantum computation can solve some special problems
that classical computation cannot, and larger-scale quantum
computation is key for practical applications [1], which are
hindered by decoherence [2—4]. In addition to fault-tolerant
quantum error correction [5-8], distributed quantum com-
putation with quantum network modular architecture is one
possible solution to overcome the decoherence problem of
large-scale quantum computation, where the quantum gates
between spatially separated modules are the essential resource
of distributed quantum computation [9-11]. Thus, the quan-
tum gates with quantum modules are the building blocks of
distributed quantum computation.

Quantum teleportation is the reliable transfer of a quantum
state with entanglement and has also been demonstrated to
transfer a quantum state between light and matter modules
[12]. Quantum networks are composed of quantum nodes and
quantum channels, where quantum nodes are used to store
and process quantum information, and quantum channels are
used to transfer quantum information [13-15]. Meanwhile,
quantum teleportation can establish the quantum connectiv-
ity in network modules with interactions between photons
and atoms [16]. Therefore, it is required to connect multiple
different spatially separated quantum modules by quantum
teleportation to implement quantum operations between quan-
tum network modules. However, it remains challenging to
implement and manipulate quantum gates with quantum mod-
ules [17-20].

Here we propose a high-performance heralded squeezing
gate with quantum network modules. The quantum oper-
ations between different modules can be implemented by
connecting these quantum modules with distributed quantum
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entanglement and manipulating the quantum operation with
quantum teleportation. The squeezing gate is one of the
essential quantum gates for continuous-variable quantum in-
formation. In this scheme, a heralded squeezing gate is
realized between two spatially separated quantum network
modules, where the output state of the squeezing gate can
be manipulated by another module based on quantum tele-
portation. Furthermore, a high-performance squeezing gate is
demonstrated and the gate fidelity is improved without requir-
ing more squeezed ancillary vacuum [21]. A heralded filter is
developed to improve the fidelity during the distribution scale.
In contrast to previous work, in our scheme the necessary
atomic memory node is introduced in the quantum gate, and
the heralding filter is used to improve the fidelity within the
distribution distance and memory time. With the development
of quantum networks, the quantum memory network stage
is distinguished by incorporating the memory capability of
the end nodes [13]. The atomic ensemble is employed in the
squeezing gate to process and memorize the quantum state.
However, the fidelity of the squeezing gate with quantum
memory is limited because of the imperfect quantum memory.
Thus, the heralding filter is used to improve the fidelity of
the heralded squeezing gate with quantum memory, and high-
fidelity squeezing gate can be realized between any quantum
network modules within a distance of 1 km.

The paper is organized as follows. The scheme of a her-
alded squeezing gate with quantum nodes is proposed in
Sec. II. The results of a heralded squeezing gate between
light-atom or atom-atom network modules are analyzed in
Sec. III. A brief summary is provided in Sec. I'V.

II. SCHEME OF A HERALDED SQUEEZING
GATE WITH QUANTUM NODES

The heralded squeezing operation can be implemented by
distributing the entanglement to two quantum modules. The
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FIG. 1. The scheme of the heralded squeezing gate through heralded noiseless linear amplification. (a) The squeezing gate is realized by
light-atom network modules. (b) The squeezing gate is realized by atom-atom network modules. Part I is the generation and distribution of
quantum state. Part II is the quantum nodes. Part III is the feedforward system, which consists of the measurement system and the heralding
filter, while the atomic node and measurement system in the dashed line can be replaced by the light system and measurement system on the

left part in the solid line. Part IV is the verification system.

quantum memory is also needed in each module and can
remotely manipulate the function of the herald squeezing gate
[9], where the quadrature components of the output squeezed
state and target squeezing can be manipulated by changing
the quantum memory efficiency. The atom network module is
based on a cavity-enhanced quantum memory node, where not
only is the memory efficiency increased but also the noise is
suppressed. Thus, the heralded squeezing gate can be realized
with one memory node in a single module and two memory
nodes distributed across two modules. The scheme of the her-
alded squeezing gate is shown in Fig. 1. Part I is the generation
and distribution of the quantum state. Part II represents the
quantum nodes. Part III is the feedforward system, which
consists of the measurement system and the heralding filter,
while the atomic node and measurement system in the dashed
line can be replaced by the light system and the measure-
ment system on the left part of the solid line. Part IV is the
verification system. The quantum resources of the heralded
squeezing gate include a pair of entangled optical modes and
one [Fig. 1(a)] or two [Fig. 1(b)] atomic nodes.

In part I, the distributed quantum nodes are interconnected
by a pair of entangled beams through long-distance fibers. In
teleportation-based quantum computation, the beam splitter
plays a key role in quantum teleportation, where the input
and entangled states are coupled for measurement and feed-
forward of quantum teleportation. For the light-atom network
modules, the interference between the entangled state and
the input state occurring on the beam splitter (BS) is used
for measurement and feedback in Fig. 1(a). The atom-based
quantum memory in Fig. 1(b) is treated as a beam splitter in-
teraction, similar to the optical beam splitter in Fig. 1(a). The
transmission and reflection parts in the quantum memory pro-
cess correspond to the transmitted and release optical modes,

which can be distinguished at different times. In addition,
their quadratures consist of feedback components. The other
entangled beam on the right is memorized in the atomic node,
where its memory efficiency needs to be kept at a maximum
for optimal performance. The squeezing gate on the atomic
node is contingent upon the feedback of the amplitude and
phase quadratures through a heralding filter. The logical gate
can be memorized in the atomic node during memory time
Ty, where it decays with the atomic spin-wave decoherence
rate. The information in the atomic node is transferred to the
light for verification in part IV. The quadratures and variance
of the logical gate are obtained via measurement on a bal-
anced homodyne detector (BHD), and the performance of the
squeezing gate can be evaluated in terms of fidelity. Finally,
the enhancement of module distance and memory time with a
heralding filter is analyzed in the squeezing gate.

A. Generation and distribution of the entangled state

Quantum entangled optical fields are fundamental re-
sources for quantum teleportation [22,23], as well as for
applications in quantum logical gates [24,25], quantum dense
coding [26,27], and quantum secret sharing [28]. Optical
parametric amplifiers are widely used to generate squeezed
and entangled states for quantum information science [29].
The fidelity of the squeezing gate composed of an entan-
gled state is significantly superior to that composed of the
squeezed state in the regime of low noise and higher detec-
tion efficiency, and the entangled state is more sensitive to
low noise and detection efficiency. Therefore, the entangled
state is more conducive to practical applications, enabling the
realization of a higher-fidelity squeezing gate. For example,
for cesium (Cs), the wavelength of 852 nm corresponds to
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both the atomic transition lines and one of the fiber win-
dows. The initial optical entangled modes (a;; and ay,) are
generated by an amplitude-quadrature squeezed beam and a
phase-quadrature squeezed beam at a BS of 50:50, with the
relative phase at 0, and are distributed to remote modules
via fibers in opposite directions. Thus, the module distance
is twice the fiber length. The distributed entangled modes
(ag; and agy) are used in two remote modules. The optical
modes (a ;) through a fiber can be mathematically expressed
as ag; = /Masi + /(1 — m)ay; + fig, i € 1,2, where Sin and
ai, are the input states of heralded squeezing gates with (with-
out) quantum memory. a,; and 7 represent the vacuum noise
and guided-acoustic-wave Brillouin scattering noise operators
through fibers in opposite directions. V (7ig) = 12§11 is the
variance of guided-acoustic-wave Brillouin scattering noise,
& is the transmission loss coefficient, / is the fiber length, and
I is the power of light. The reflection part and the transmission
part of the beam splitter (&, and a,) are measured by balanced
homodyne detectors and feedforward, which are illustrated in
the figure. The total transmission efficiency (1;) is determined
by the fiber coupled efficiency (13) and the fiber transmission
efficiency, and the fiber transmission efficiency is given by
n2 = 13107510 where 3 = 85% and & = 2.5 dB/km under
realistic conditions. The realization of the squeezing gate is
predicated on the correlation between the entangled beams.
The specific relationship of these entangled beams is crucial
for the implementation of the squeezing gate, which can be
expressed as

RE2 — Xp1 = /2me R0 + /1 — iy + X,

V2 + 9p1 = /2me” " $o + /1 — maPy + I, )

where %, = X2 — %1, ﬁg = ﬁg2 _ﬁglv v = Fuv2 + Jut> j\)g =
Vo2 + o1, and X; and §;, i € 0, vl, v2, g1, g2, are the amplitude
and phase quadratures of the optical state, which correspond
to the coherent state, vacuum state, and guided-acoustic-wave
Brillouin scattering noise. Thus, the entangled optical modes
can be distributed to two quantum network modules for the
heralded squeezing gate.

B. Cavity-enhanced quantum nodes

The quantum memory is pivotal for implementing the
heralded squeezing gate on the atomic node [13]. Cavity-
enhanced quantum memory, in which an atomic cell is placed
in a ring bow cavity to achieve high fidelity, serves as an
exemplary atomic node [30]. The mechanism of electromag-
netically induced transparency in Cs is particularly well-suited
for quantum memory applications. A A-type energy-level
structure is employed, where a weak signal and a strong
control beam are associated with the energy-level transitions
of the light and atom coupling. The interaction Hamiltonian
between atoms and light in the cavity-enhanced model can be
formulated as the BS type (H = «a'S + «xaS™), where a repre-
sents the light mode, and where S is the collective atomic spin
wave, as described by the Stokes operator. The effective light-
atom coupling coefficient is given by (k = +/Nuf2/A), which
is a function of the number of atoms (), the Rabi frequency
(£2), and the light-atom coupling constant (u). The ampli-
tude and phase quadratures of the atoms are associated with

the y and z components of the Stokes operator, respectively,
and can be described as X4 = (§ + 87)/v/2 = S;/@ and
Yy=@8—-8/V2i= SAZ/\/@. The dynamic evolution of
the light state and collective atomic spin wave can be shown
by the quantum Langevin dynamics equations [31]

da X . )
;lil) — —J/&(t) —ik()S() + \/ﬂAln(t) + \/ﬂALn(t)’
ds . )
dit) = —8@t) — ik (1)a(t) + /208, (1), @

where yy is the spin-wave decoherence rate, y = y; + 2,
y1 is the coupling rate to the cavity of the input and output
fields, and y; is the decay rate of the intracavity loss. The
initial mode is tailored to an optimal pulse shape for quantum
memory, which can maximize the transfer of information onto
the atoms within the cavity. The optimal shape is determined
by the atom and light coupling rates and the decay rates of
both the atoms and the cavity. In addition to the noise origi-
nating from intracavity losses (L), the extra noise in the system
also includes four-wave mixing (FWM) noise, which depends
on the intensity of the control beam. In the cavity-enhanced
model, the FWM noise can be effectively suppressed by an-
tiresonance with the cavity, while simultaneously enhancing
the light-atom interaction by ensuring that the signal mode is
resonant with the cavity. The signal and control modes are
set in two orthogonal polarization directions and coupled into
the cavity via the polarization beam splitter. The resonance
of both the signal and control beams with the cavity can be
synchronized by manipulating the temperature of a birefrin-
gent crystal, which results in different optical path lengths
for orthogonal polarizations. The signal and FWM beams
have the same polarization in the cavity and can maintain the
resonance condition in the cavity. The FWM beam is near the
antiresonant without the crystal, whereas the control beam is
near the resonance. Therefore, the FWM noise suppression
factor can be increased by birefringent crystals. During the
writing process, the signal optical mode from light is mapped
on the atomic node. Then, the information can be memorized
during the lifetime of the atomic node with the signal and
control beams off. Finally, the light mode is retrieved from
the atomic node, and its pulse shape function can be calculated
from the Langevin dynamics equation. The total efficiency is
a product of the writing and reading efficiencies. The writing
and reading efficiencies are the radio of the integrated area of
the pulse shape between the conversion of the light and the
atomic node, which are expressed as

2

7(0) = — nx ,
(= + yoy1 + Y0¥2)(Vo + v1 + ¥2)
(le287V0T0 — y1y2e*(V1+V2)TO)2
n(Tp) = 0 (3)

yik2e N (k2 + yoy1 + 1oy2) (o + vi + 72)’

The atomic spin wave and read efficiency decay with the
exponential function of memory time. The final information
can be verified by measuring the reading part with imperfect
reading efficiency on the BHD. The cavity-enhanced quantum
memory enables the heralded squeezing gate between the
atomic nodes.
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C. Active feedforward

The active feedforward enables the heralded squeezing
gate, with distributed entangled modes and cavity-enhanced
quantum memory. In the system of light-atom network mod-
ules, the feedback modes consist of the transmission part
(@ = Mwag1 + /T —1,a;n) and the reflection part (a, =
VT = nyag: + /Mwaiy) through the BS. Furthermore, when
employing atom-atom network modules, the transmission part
from the reading out from the atomic node (&), the reflection
part (a,), and the spin wave of the other atomic node (8,) can
be written as

ar = /1 (JMwSs — /1 — 0w — Lag; + vLay)
+/1 =iy,

ar = /(- (Ve — m&
+ VLS + 8.0) + V1T =) + V1T =i,

Sr =V Nu2lE> + vV I —ny2 — LSin + ﬁSU + Sz-

The amplitude and phase quadratures of the transmission
part must be measured as the feedback components and
feedforward to the atomic node. The quadratures of the re-
flection mode (Xg, ¥5) can be rewritten by the feedback
quadratures (xt, 9,) of the optical modes a a and 4, as X, =

c1 *xt +x+X, and ¥ =, * 9, +y+Yn2, where c¢; =
(&, Xo) /V (R1), 2= (§r, YZ)/V(yr) x=(X) —c1(k), y=
1) —2(9,), Xp = V(&) — > * V(&), and ¥, = V(¥5) —
C22 * V(j\) r)-

Next, the heralding filter is used to improve its fidelity. The
method is based on a virtual cutoff of the postselection filter
acting on the measurement records. The probabilistic filter is
used on the measurement records with the filter strength g/,
resulting in the probability distribution of the output state.
The probability distribution of the input coherent state can be
given as f(atn) = expl(Jotn|* — ¢2)(1 — )Tif |otn] < et and

as f(a,) = 1if |a,| > o, where a, is the cutoff. The Q func-
tion of the quantum state with the amplitude of the input state
(cg) can be written as Q' (o) = \/%7 exp(—|a, — ap|?), and
the function will change to Q(,,) = f ()0 () through
the heralding filter, where ¢, is the amplitude of the measure-
ment state. The success probability can be given by

= Gt gpar E)EE)
= —_—e 2 f e i d Uy
ot < 5 V2

+[/ gip 2, z(gfam*a()) d2am 4)
ot | > %<

Var

Moreover, the average value and variance of the amplitude
and phase quadratures need to be integrated through the prob-
ability distribution after the heralding filter. The average value
and variance change as (x, ) = gr(%) and V(y,) =g/VQ).
The amplitude and phase quadratures of the final state can be
expressed as

A

on)?2+gxfct = (Cl +gx)*f€;f+x+)?n1,

YVo=Yo+ g9 =(c2+g) x5 +y+Yn. 5)

The feedback gains can be calculated by g« = (X,) —
x)/(gr * (%)) — c1 and gy = ((¥,) — y)/(gs * (§,)) — c2. The
variances of the amplitude and phase quadratures are V (X) =
(X% — (X)? and V(¥) = (Y?) — (¥')2. The squeezing gate is
achieved under the unity gain conditions V (X,) = ¢** and
V(¥,) = e~>*", where r is the target squeezing parameter. The
writing efficiency, which determines the initial state (S;,) and
the entangled mode, also influences the target squeezing level
with 17, = 1/(1 + e~2*") [32]. The fidelity is used to evaluate
the squeezing gate, and it describes the overlap of the ideal
state and the realistic state. The fidelity of a single-mode
Gaussian state can be expressed in terms of the ideal and
output covariance values (V; and V,):

expl—(8(a))" (Vi + V,)'8(a)], (6)

2
T (WATA-—VA)

where A =det(V; +V,), A = (detV; — 1)(detV, —
8(a) is the relative average displacement.

1), and

III. RESULTS OF HERALDED SQUEEZING GATE
BETWEEN NETWORK MODULES

Quantum interconnects link and distribute coherent quan-
tum information between systems and across different length
scales. Interconnects enable the construction of powerful
quantum computers to execute quantum algorithms by con-
necting elements within a quantum subsystem, between
quantum processors, and between quantum and classical com-
puters [10]. The heralded squeezing gate enables the input
coherent state to be squeezed on the atomic network module,
and is the building block of complex quantum computation.
The fidelity of a quantum system is a critical criterion for
evaluating the system. It is essentially a metric that quantifies
how closely a quantum operation resembles its ideal version.
In practical terms, the fidelity reflects the performance of
a quantum gate and is crucial for assessing its reliability.
First, the system of the entangled light and an atomic node
or two entangled atomic nodes are prepared to achieve the
squeezing gate through feedback. Then, a postselection filter
and an optimal cavity are used to optimize the fidelity and
suppress extra noise, respectively. Finally, the fidelity of the
squeezing gate with memory time and transmission distance is
analyzed under a cavity-enhanced quantum memory model. In
the system, we assume that two squeezed states have identical
squeezing levels and that all the BSs of the equipment are loss-
less. The cavity is a ring bow structure with the birefringent
crystal placed at one waist and the atomic cell placed at the
other waist. The writing efficiency of the feedforward part is
related to the target squeezing level and can be manipulated
by the power of the control light. The writing efficiency,
reading efficiency, and transmission efficiency maintain the
maximum values at 95%, 90%, and 92%, respectively, for
the gate measurement without atomic decay of the memory
time. Under optimal noise suppression conditions within the
cavity, the FWM noise of two atomic nodes is 0.02%. The
total transmission of measurement is 90%, which is caused by
the measurement system.
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FIG. 2. Dependence of squeezing gate fidelity with system limit. The solid line represents the system with one atomic node, and the star
line represents the system with two atomic nodes beyond the same condition of line i. (a) The relationship between success probability and filter
strength, the lines i, ii and iii with respect to the different cutoffs of 3, 4, and 5. (b) The relationship between the fidelity of the squeezing gate
and the filter strength. The three lines i, ii, and iii correspond to the input squeezing levels with 10, 8, and 6 dB. (c) The relationship between the
fidelity of the squeezing gate and the target squeezing level. The filter strength of 3 is shown by the dashed line. (d) The relationship between
fidelity and memory efficiency of the memorized atomic node. The green dotted line represents the benchmark.

The fidelity can be enhanced with a larger filter strength;
however, this comes at the cost of a larger cutoff [33]. It
is important to balance the filter strength with the system
cutoff to achieve the desired fidelity. In the following, we
analyze the performance of the atomic nodes in the system.
The dependence of the squeezing gate fidelity on the system
factor is shown in Fig. 2. The success probability decreases
with increasing filter strength as shown in Fig. 2(a), and the
different cutoffs of 3, 4, and 5 are also analyzed. The fidelity
of the squeezing gate with filter strength is analyzed with
different input squeezing levels in Fig. 2(b). Three solid lines,
1, ii, and iii, in the next three figures of Fig. 2 correspond to the
squeezing levels of 10, 8, and 6 dB, respectively, and show the
fidelity with one atomic node. They all show that the fidelity
is efficiently improved by increasing the filter strength. The
star line is the fidelity with filter strength by using two atomic
nodes, and its fidelity is limited by memory efficiency and
measurement loss. The relationship between fidelity and the
target squeezing level is analyzed in Fig. 2(c). The dashed
line is under the condition of a 10-dB input squeezing level
and gy = 3. The star line is under the condition of two
atomic nodes. Thus, the fidelity decreases with increasing
target squeezing level, and the fidelity with one atomic node is
greater than that with two atomic nodes. It is also verified that
the fidelity is enhanced by greater filter strength. The fidelity
is always higher than the benchmark, which is the boundary of
the coherent state. Otherwise, the fidelity can be enhanced by
increasing the memory efficiency of the atomic node, which is
used for memorizing the squeezing gate, and their relationship
under three input squeezing levels of 10, 8, and 6 dB is
shown in Fig. 2(d). Considering the condition close to the
benchmark, the target squeezing level is 10 dB. The lines
higher than the benchmark indicate that the squeezing gate
is achieved. Overall, the fidelity is efficiently improved by
increasing the filter strength, despite the reduction in success
probability. The fidelity is lower to achieve a higher target
squeezing level, and the fidelity can also be enhanced by the
greater memory efficiency of the atomic node. The fidelity
can reach 98% with a target squeezing level of 3 dB and
gr = 5. Therefore, the fidelity of the heralded squeezing gate
is effectively enhanced by proper filter strength and target
squeezing level, and memory efficiency can further improve
the fidelity.

The fidelities of the heralded squeezing gate with the mod-
ule distance and memory time are analyzed with respect to the
filter strength in the system. Next, the target squeezing level
is 10 dB for a more obvious phenomenon. The relationship
between the fidelity and the module distance with one atomic
node (two atomic nodes) is shown in Fig. 3(a) [Fig. 3(b)]
with a memory time of 100 ns. Lines i, ii, and iii correspond
to three different input squeezing levels of 10, 8, and 6 dB.
The dashed line is under the condition of gy = 3. The dashed
line represents the benchmark. The lines together show that
the fidelity decreases with the module distance with different
input squeezing levels. The fidelity is enhanced with a better
input squeezing level, and the communication distance is effi-
ciently prolonged by the heralding filter. The memory time
is another important performance metric for evaluating the
system. The information will exponentially decay during the
memory time [1(¢) = 1,,(0) * exp(—t/Ty)]. Here we consider
that the lifetime of the Cs atomic node (7;) reaches 1 s [34].
The logical gate can be memorized in the atomic node for
the lifetime corresponding to the decoherence of the atomic
node. The fidelity of the squeezing gate with one atomic node
(two atomic nodes) is shown in Fig. 3(c) [Fig. 3(d)] with a
module distance of 50 m. Lines i, ii, and iii are under the
condition of three different input squeezing levels of 10, 8,
and 6 dB, and the dashed line represents the benchmark. The
dashed line shows the fidelity with g = 3 compared with the
solid line i. The heralded filter can effectively enhance the
fidelity, which can surpass the classical benchmark within the
range of 1060 m (420 m) distribution distance in Fig. 3(a)
[Fig. 3(b)]. The fidelity can reach 0.865 (0.795) with the filter
strength of 5 and the fidelity of 0.852 (0.782) is obtained
with the filter strength of 3 under the condition that memory
time is 500 ns between light-atom network modules (atom-
atom network modules) in Fig. 3(c) [Fig. 3(d)]. Therefore, the
scheme can effectively improve the fidelity of the quantum
squeezing gate within the distribution distance and memory
time. In addition, the bandwidth of the squeezed vacuum state
up to 11 dB is 36 MHz for the optical quantum state [21]. For
atomic memory, there has been great progress in broadband
quantum memory, and the bandwidth of electromagnetically
induced transparency can reach 660 MHz [35], which sat-
isfies the bandwidth requirement of squeezed optical fields.
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strength of 3 compared to the solid line i. The green dotted line represents the benchmark.

Furthermore, the bandwidth of Raman in atomic systems can
reach 1.8 GHz [36] for matching broadband squeezed states.

IV. CONCLUSION

In this paper, we propose a scheme of a high-performance
heralded squeezing gate between network modules with a
heralding filter. In this way, the squeezing gate can be dis-
tributed and memorized between the light and atom network
modules. The heralded squeezing gate fidelity can obviously
be enhanced within the module distance and atomic mem-
ory time, and the heralded squeezing gate can be realized
between two network modules. In one-way quantum com-
putation, arbitrary Gaussian quantum computation can be
implemented sufficiently by single-mode and two-mode gates
[37,38]. The heralded filter can be used in the two-mode
quantum gates between two modules to construct a universal
quantum gate set, which is essential for distribution quantum
computation. This scheme is scalable with module number,
and it allows the interconnection of more quantum network

modules with multipartite entanglement [28]. Moreover, the
Gaussian state is well understood for quantum information
and is the essential building block for continuous-variable
quantum information processing [39]. This technique can be
applied to non-Gaussian states and provides a promising path-
way for high-fidelity gate operations and continuous-variable
distributed quantum computations [21]. The heralded quan-
tum teleporter, which is capable of processing an arbitrary
input state, makes it possible to construct a universal quantum
teleporter [40]. Therefore, this scheme can be applied for not
only non-Gaussian states but also arbitrary input states.
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