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LINEAR ATOMIC QUANTUM COUPLER
FIELD OF INVENTION

The present invention relates to a device and method to develop a linear atomic quantum

coupler.

BACKGROUND ART

-Quantum couplers have attracted much attention in the framework of the optics

communication and quantum computing networks, which require data transmission and
ultra-high-speed data processing. Furthermore, directional couplers have been
experimentally implemented, e.g. in planar structures, dual optical fibres and certain organic

polymers.

The interaction between radiation field and matter (i.e. atom), namely, Jaynes-Cummings

model (JCM), is important in quantum optics and quantum information theories. The simplest
form of the JCM is the two-level atom interacting with the single-mode of the radiation field.
The JCM is a rich source for the nonclassical effects, e.g. the revival-collapse phenomenon
(RCP), sub-Poissonian statistics and squeezing. Furthermore, the JCM has been
experimentally implemented by various means, e.g. one-atom mazer, the NMR refocusing, a
Rydberg atom in a superconducting cavity, the trapped ’ion and the micromaser. Various
extensions to the JCM have been reported including the two two-level atoms interacting with

the radiation field(s).

The trapped atoms or molecules are promising systems for quantum information processing

and communications. They can serve as convenient and robust quantum memories for
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photons, providing thereby an interface between static and flying qubits. The subject of
coupling cold atoms to the radiation field sustained by an optical waveguide has already
appeared in various contexts. For example, hollow optical glass fibers were used to guide
atoms over long distances, especially, employing red detuned light field filling out thé_ hollow

cbre. Substrate based atom waveguide can also be realized by using guided two-color

‘evanescent light fields.

Moreover, the coupling of atomic dipoles to the evanescent field of tapered optical fibers has
been previously demonstrated. In this respect the optical nanofibers can manipulate and
probe singleatom fluorescence. Moreover, it has been suggested that using a two-color
evanescent light field around a subwavelength-diameter fiber traps and guides atoms. The

optical fiber carries a red-detuned light and a blue-detuned light, with both modes far from

- resonance. When both input light fields are circularly polarized, a set of trappihg minima of

the total potential in the transverse plane appears as a ring around the fiber. This design. ‘

allows confinement of atoms to a cylindrical shell around the fiber.

_Additionally, it has been shown that sub-wavelength diameter optical fibers can be used to

detect, spectroscopically investigate, and mechanically manipulate extremely small samples

of cold atoms. In particular, on resonance, as little as two atoms on average, coupled to the

evanescent field surrounding the fiber, already absorbed the total power transmitted through
the fiber. By optically trapping one or more atoms around such fibers, it should become
possible to deterministically couple the atoms to the guided fiber mode and to even mediate
a coupling between two simultaneously trapped atoms. This leads to a number of
applications, e.g., in the context of quantum information processing, high precision
measurements, single-photoh generation in optical fiber or EIT-based parametric four-wave

mixing using a few atoms around optical nanofibers.
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SUMMARY OF INVENTION

In one embodiment of the present invention is a device for a linear atomic quantum coupler.
The device comprises a plurality of mode sources and a plurality of waveguides,
characterized in that the plurality of waveguides are placed in close proximity to allow

exchanging of energy via evanescent waves and the plurality of waveguides comprises at

‘least one localized and/or trépped atom, wherein the plurality of mode sources comprises

means for generating a plurality of modes, and the plurality of waveguides comprises means

for propagating the plurality of modes through the plurality of waveguides.

In another embodiment of the present invention is a method for constructing a linear atomic
quantum coupler. The method compﬁses genérating a plurality of modes, placing a plurality
of waveguides in close proximity to allow exchanging of energy via evanescent waves,
localizing and/or trapping at least one atom in the plurality of waveguides and propagating

the plurality of modes through the plurality of waveguides.

The present invention consists of features and a combination of parts hereinafter fully
described and illustrated in the accompanying drawings, it being understood that various
changes in the details may be made without departing from the scope of the invention orv_

sacrificing any of the advantages of the present invention.
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~ BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

To further clarify various aspects of some embodiments of the present invention, a more
parﬁculér description of the invention will be rendered by references to specific embodiments
thereof, which are illustrated, in the appended drawings. It is appreciated that these
drawings depict only typical embodiments of the invention and are therefore not to be
considered limiting of its scope. The invention will be described and explained with additional

specificity and detail through the accompanying drawings in which:
" FIG. 1 illustrates a flowchart of a method for constructing a linear atomic quantum coupler.
FIG. 2 illustrates a device for a linear atomic quantum coupler.

NOU)
FIG. 3 illustrates the evolution of the <O-z (t)> against the interaction time 7 =4 with

(@, B)= (5, 5) for (4,,4,)=(1,0) (a), (1, 0.6) (b), (2, 3) (c) and (1, 1) (d).

FIG. 4 illustrates the evolution of the single-mode second order correlation function as

indicated against the interaction time T = A¢ with (4,,4,)= (1, 0) (a), (1, 0.6) ('b), (2, 3) (c)-

(d).
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The presént invention relates to a device and method for a linear atomic quantum coupler.
Hereinafter, this specification will describe rhe present invention according to the preferred
embodiments of the present invention. However, it is to be understood that limiting the
description to the preferred embodiments of the invention is merely to facilitate discussion of
the present invention and it is envisioned that those skilled in the art may devise various

maodifications and equivalents without departing from the scope of the appended claims.

Reference is first made to FIGs. 1 and 2 collectively. FIG. 1 illustrates a flowchart of the
method for constructing the linear atomic quantum coupler. FIG. 2 illustrates the device for

the linear atomic quantum coupler.

The device (200) for a linear atomic quantum coupler comprises a plurality of mode sources
and a plurality of waveguides, characterized in that the plurality of waveguides are blaced in
close proximity to allow exchanging ef energy via evanescent waves and the plurality of‘
waveguides comprises at least one localized and/or trapped atom, wherein the plurality of
mode sources comprises .means for generating a plurality of modes, and the plurality of
waveguides comprises means for propagating the plurality of modes through the plurality of

waveguides.

The method (100) for constructing a linear atomic quantum coupler eccording to the
embodiments of the present invention comprises generating a plurality of hodes (102),
placing a plurality of waveguides in close proximity (104) to allow exchanging of energy via
evanescent waves, localizing and/or trapping at least one atom in the plurality of waveguides

(106) and propagating the plurality of modes through the plurality of waveguides (108).
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The description and illustration herein is provided such that the plurality of mode sources
further comprises at least two mode sources (202, 204) and the plurality of waveguides

further comprises at least two waveguides (206, 208) for ease of explanation.

The linear atomic quantum cbupler of the present invention consists of two waveguides (206,
208), each of which includes a localized and/or a trapped atom (21 0, 212). The wavegudies
(206, 208) are placed close enough to each other to allow interchanging energy between
them. In each waveguide one mode propagates along and interacts with the atom inside in a
standard way as the Jaynes-Cummings model (JCM). The atom-mode in each waveguide

interacts with the other oné via the evanescent wave.

According to the embodiments of the present invention, the waveguides are placed in close
proximity to- allow exchanging of energy via evanescent waves and the rate of the

exchanging of energy is controlled by a flux intensity of the mode sources.

In the framework of the rotating wave approximation (RWA) the Hamiltonian describing the
linear atomic quantum coupler can be expressed as:
% = Hﬂ -+ [{[,

.2 S .2 . . . )
Ho= 3 wyala; + (610 +6%), Ar = 3 2,569 +l6?) + xa(@rahol"5® + alass oD,
§=0 ¥=1

(M

A A A A D)
where Ho and Hare the free and interaction parts of the Hamiltonian, o+ and o. are

the Pauli spin operators of the jth atom (j = 1, 2); a ; (a j") is the annihilation (creation)
operator of the jth-mode with the frequency @, and @, is the atomic transition frequency

(considering that the frequencies of the two atoms are equal) and 4, (4,)is the atom-field

coupling constant in the first (second) waveguide.
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The interaction between the modes in the two waveguides occurs through the evanescent

wave - with the coupling constant A,. This constant is responsible for the switching

mechanism between the waveguides and hence it plays an essential role in the behavior of

the linear atomic quantum coupler.

Furthermore, the switching term is obtained by applying the RWA in each individual

A al{l)atA(2) |, ~ta(1), (2
da(@rsDaol +aloans™) is non-conservative

waveguide. In other words, such type of
and then it is cancelled out. Finally, when the atoms (fields) are treated classically the

Hamiltonian (1) tends to that of the linear directional coupler (two-atom interaction).

The device for the linear atomic quantum coupler of the present invention further comprises

a plurality of detectors (214, 216) comprising means for measuring output field from the

~ plurality of modes propagating through the plurality of waveguides. The fields exited from the

coupler can be examined as single or compound modes by means of homodyne detection to
observe the squeezing of vacuum fluctuations, or by means a set of photodetectors (214,
216) to measure photon antibunchibng and sub-Poissonian photon statistics in the standard
ways. The linear atomic quantum coupler of the present invention generates nonclassical

effect and reduces noise in the output field.

The wave function for the Hamiltonian (1) is further evaluated. According to ohe embodiment

. of the present invention, the description herein is provided such that the two modes and

atoms are initially prepared in the coherent states |a, ﬂ) and in the excited atomic states

el,ez), respectively for ease of explanation. For resonance case 2w, = o, + w, it can easily

proven that [I-;o,f}l] =0.
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Under these conditions, the dynamical wave function describing the device can be

‘expressed as:

(o)) = § Com [X1(t,n,m) | e, ea,n,m) + Xo(t,n,m) | €1,92,n,m + 1)

nn=0

+ Xs(t,n,m) | gr.ea,n+1,m) + Xa(t,n,m) | g1, g2 n + L, m + 1],

Crm = exp(—lal® — 31617 S£2, 2

where |g> stands for atomic ground state. From the Schrédinger equation we obtain the

following system of differential equations:

iX1(t, n,m) = dovm + 1Xa(t, n, m) + Apv/ie + 1X3(t, n, ™), '
i)i"g(t, n,m) = dovm + 1X1{t, n, m) + As/(n + 1)(m + 1)X3(t, n.m) + A1vn + 1X4(t, n, m),
iX3(t‘, n,m) = Avn +1X1(E,n,m) + Xg/(n + 1)(m + DXo(t, n, m) + dav/m + 1X4(f,n,m),

, iX4(t? n,m) = Avn +1Xo(t, n,m) + dov'm + 1X3(t. n,m), 3)

where the superscript *.” refers differentiation with reference to time. In the following, only

- details related to the solution of the coefficient X,(T,n,m) are provided, where the others

can be similarly treated. Differentiating the first and last equations in (3) and re-substituting

with the others, the following is obtained:

(.[72 + An ) X1(t.n,m) = —(ids3e2 D + o) X4(t,n ),
(D? + Anm)Xa(t,n,m) = —(id3c2 D + e1) X1 (L7, ).

lj = a‘i;, Anm =X +1) + A(m + 1), c1 = 20/ (n + (m+1),ca = A3/ (n+ 1)(m+1). @)

From (4) it can be easily obtained that:

(132 + An,m)QXl (t.n,m) = (iAgeeD + ¢4 )2X1 (t,n,m). 5)

This equation can be easily solved. By means of the initial conditions stated above the exact

forms of the coefficients X ; can be expressed as:
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Xi(t,n,m) = %exp(i%(,*g) [oos(tQ_) — t35—sin(t§)_ )] + %exp(-—i%cg) [cos(tSL.) +igg, sin(tﬂ+)] ,

Xo(t.n,m) = _-i@,,z_{exp(igcg) [(&3 —2e)M(m + 1) + (2Anm — 1) (,\éc, —Mdagy 4 1)(:2)]

2,,-3[4...,,._4%%11
x 0-) | exp(—iken) [(cg +2c1)A(m + 1) ~ (24nm + 1) (,\201 — Mgy 4 1)02)] 1%!&1}

Xa(t,n,m) = —=ivntl %{exp(i%cg) [((g = 2e))A(n+ 1) + (245 m — 1) (/\1(:1 - &izﬁ(m + 1)(:2)]
203, m 1712 .

x L) 4 exp(—ites) [((’% +2c)A(n+1) — 24n.m + 1) (/\1(:1 — 22 () 4 1)(:2)] ——M"gi_h“ }7
Xy(t,n,m) = L exp(ifca) [— cos(tQ_b) + igg—sin(tl_ )] + %exp(—i{,—cg) [cos(tﬂ+) +iggs sin(tQ+)] ;

(6)

where

Qi = %\/;\%(71. +D(m+1)+4(avn+ 13 devm +1)2 @)
7

It is obvious that the Rabi oscillation in the linear atomic quantum coupler is more

complicated than that of the JCM. From the solution (6) different limits can be checked. For
instance, when (A2:43) = (0.0) (A3 —=0) the coefficients (6) reduce to those of the
standard JCM (two decoupled JCM). Moreover, when (A1;22) = (0,0) the device reduces to
a simple form, which is in good correspondence with the conventional coupler. Neverfheless,

the linear atomic quantum coupler of the present invention, in this case, is a rich source for

the nonclassical effects, which depend on the types of initial atomic states.

According to other embodiments of the present invention, further three cases of the two

modes and atoms are discussed herein. Firstly, the atoms are initially prepared in |e,,e2),

and in this case the device reduces to the dark state, where Hin

e,,e,) =0. These states do

not evolve in time. This property has been exploited in the quantum clock synchronization.
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Secondly, the atoms are initially prepared in

e,8,), wherein the dynamical state of the
device takes the form of:

[ @)y = i Com [('os[T\/(n +1){m+1)] e, g2,n,m+ 1)

n,m=0

B - o) ' ,€9. 1 N '\.
| isinfT'/(n+ 1)(m+ 1)} i g1 6.0+ 1 m;] \ )

5 where T = A;t. The expression (8) reveals that the behavior of the radiation fields is typically

that of the two-mode single-atom JCM.

Finally, when the two atomsr are initially in the Bell stateﬂe,,g2)+[g,,e2)]/«/5, the

wavefunction takes the form of:

o

| ¥(t)) = \/Li Cpmexp[—ilv/(n+1)(m+1)][| e1, 92, n,m + 1)+ | g1,e0.n+ 1,m}].
10 n,m=(} (9)

' A {1} 70 (2
It is evident that the device exhibits atomic trapping, i.e. (@) = (Og )(t» =0
Furthermore, the device is able to generate nonclassical effects, in particular, in the
quantities, which depend on the off-diagonal elements of the density matrix such as

15 squeezing.

The switching mechanism in the linear atomic quantum coupler of the present invention is

discussed herein. Assume, [ =0 is substitute in relations (2)—(6) and the mean-photon

numbers are computed as:

AT = af? + 5 (CagPIX(T,m, O + Xa(T,m, 00,

(B(T)ar(T)) = 3 |Cugl2[IXa(T,m,0)2 + | Xa(T,m, O)]
n=0 (10)
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#rdm these equations it is obvious that the intensity of 'the mode in the first waveguide
cannot be switched to the other one. This is in clear ‘contrast with the Iinear directional
coupler. This behavior is related to the nature of the atom-field interaction mechanism, which
is close to the classic Lee model of quantum field theory. Moreover, this behaviqr is still valid

even if the interaction between the modes and the atoms in the same waveguide is

neglected, i.e. At = A2 = O_|n this case, expression (10) exhibits the well-known RCP of

the standard JCM.

The linear atomic quantum coupler of the present invention is able to switch the nonclassical
effects from one waveguide to another based on the values of the interaction parameters.

This is remarkable from (12), where the mean-photon number in the second waveguide

At A '
(@3(T)as(T)) can exhibit RCP even though the second mode is initially in vacuum state.

On the other hand, assuming that the mode in the first waveguide is initially prepared in the
even coherent state, which exhibits squeezing, while the second mode is still in vacuum

state, the density matrix of the second mode takes the form of:

P2 =3 1Can 0 { [ X2(T. 20, 0)[2 + | X3(T, 20, 0) 10} (0] + [| Xa (T, 22, O)? + | Xa(T, 2m,0)21)(11}.
=0 (11)

“where |C2,,|2v is the photon-number distribution of the even coherent sate. From (11),

squeezing cannot be switched to the second mode. Nevertheless, if the second mode is
prepared in the coherent state, it can exhibit squeezing. In this case, the source of the
nonclassical effects could be the switching mechanism between the waveguides or the

nature of the atom-field interaction.

Reference is now made to FIGs. 3 and 4 collectively. FIG. 3 illustrates the evolution of the

A ) '
<0'z (t)> against the interaction time T = Az with (o, )= (5, 5) for (4,,4,)= (1, 0) (a), (1, 0.6)
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(b), (2, 3) (c) and (1, 1) (d). FIG. 4 illustrates the evolution of the single-mode second order

correlation function as indicated against the interaction time T = At with (4,,4;)=(1, 0) (a), (1, 0.6)

(®), 2. 3) (0)-).

Atomic inversion of the standard JCM is well known in quantum optics by exhibiting RCP.

The RCP has a nonclassical origin and reflects the nature of the statistics of the radiation

- field. The evolution of the atomic inversion has been realized via, e.g., the one-atom mazer

10

15

20

single atomic inversion and total atomic inversion

and using technique similar to that of the NMR refocusing. According to the embodiments of
the present invention, the behavior of the linear atomic quantum coupler is further
investigated by studying the evolution of the atomic inversions and the second-order

correlation functions.

As the device includes two atoms, there will be two types of the atomic inversion, namely,

@) = HEO) + VW

m (2)
the following expressions can be obtained:
60@) = X 1CamPlIXa(t,n,m) + (Xa(t,n,m)? = |Xa(t,n, m)? — |Xa(t,n,m)P2),
GO = 3 (ComPXa(tm, m)I2 — (Xaltyn,m)? + |Xa(t,m, m)2 — |Xa(t, m,m),
6:0)) = L [Coml[1X1(t,n,m)2 — | Xa(t, 2, m)?].
n,m=0 (12)

The conventional directional coupler cannot exhibit RCP in the evolution of the mean-photon
numbers. Nevertheless, the standard JCM can exhibit RCP provided that the photon-number
distribution of the initial field has a smooth envelope. Similar conclusion has been reported to

the two-atom single-mode JCM.
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According to the embodiments of the linear atomic quantum coupler of the present invention,
it is found that when o=/ and 4, #0 the different types of the atomic inversions (12)
provide quite similar behaviors. The contributions of the coherence coefficients X», X; are
comparable. Moreover, it can be easily proven when 4, =0 and A4 =4, the atomic

inversions reduce to that of the standard JCM (see FIG. 3(a)). For the stand_ard JCM the

revival patterns occur in the atomic inversion over certain period of the interaction time,

afterward they interfere providing chaotic behavior. Additionally, the revival time is connected

with the amplitude o through the relation Ir = 27V7 = 27|

For A, # 4,, different forms of the revival patterns are provided. The description given herein
is restricted to the atomic inversion of the first atom (see FIGs. 3(b)-(d) for the given values
of the interaction parameters). Three cases are considered based on the relationship
between the strength of the switching mechanisms in and between the waveguides,
namely, A3 < Ai;A3 = A5, A3 > A Comparisons between FIGs. 3(b)-(d) and FIG. 3(a) are
instructive. From FIG. 3(b) it can be observed that the atomic inversion, after the zero and

first revival patterns, exhibits long series of the subsidiary-revival patterns (see the inset in

FIG. 3(b)). This behavior is completely different from that of the JCM. This indicates that the

nonclassical effects generated by the linear atomic quantum coupler of the present invention

can sustain for an interaction time longer than that of the JCM.

The subsidiary-revival patterns have been observed for the JCM against the squeezed
coherent state. This has been explained in relation to the photon-number distribution of the
initial states. More illustratively, the photon-number distributions of the squeezed states
exhibit many peaks structure, each of which gives its own revival patterns in the evolution of

the atomic inversion. These patterns interfere with each other to produce these subsidiary-

revival patterns. Nevertheless, for the device under consideration the occurrence of these
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patterns is related to the switching mechanism between the waveguides (compare FIGs.
'3(a) and (b)). This mechanism reflects itself in very complicated Rabi oscillations Q, as well

as in the double summations in the atomic inversions formulae (12). FIG. 3(c) presents the
case when the coupling constants are different. It is obvious that the RCP is still remarkable

and the subsidiary revivals are smoothly washed out compared to those in FIG. 3(b).

Generally, it is found that when A3 > A = )\2, the atomic inversion exhibits long RCP (see
FIG. 3(d)). This indicates that the switching mechanism between the waveguides plays an
important role in the behavior of the the linear atomic quantum coupler of the present

invention.

The second-order correlation functions for the_single-mode case is defined as:

~§12 »
@ (@i (t)a2(e)) )
9 )= 4 — 5L i=L2
(aj(t)aj(t)) (13)
where g’(z)=0 for Poissonian statistics (standard case), g'”(f)<0 for sub-Poissonian

statistics (nonclassical effects) and gj.z’(t)>0 for super-Poissonian statistics (classical

effects).

The second-order correlation function can be measured by a set of two detectors, e.g. the
standard Hanbury Brown-Twiss coincidence arrangement. For the device under

consideration, this quantity is plotted in FIG. 4 for the given values of the interaction

- parameters. From FIG. 4 it is obvious that the Iihear atomic quantum coupler of the present

invention is able to generate long-lived sub-Piossonian effects, i.e. g/”(r) <0.

Furthermore, the basic features of the dynamics are still similar to those of the atomic

inversion. FIG. 4(a) presents the well-known shape of the second-order function of the
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standard JCM. When the switching mechanism between the waveguides is involved, the

long RCP is dominant in the evolution of the g'”(r). Nevertheless, the shape of this

phenomenon vis quite differ_ent from that in the corresponding atomic inversion (compare FIG.

3(b) to FIG. 4(b)).

For instance, the revival times in the two quantities are different. Also, the number of the

subsidiary revivals in the atomic inversion is greater than that in the corresponding g (¢).

_In contrast to the atomic inversions, g®(¢) and g{?(¢) can provide different behavior for the

same values of the interaction parameters. This fact can be realized by comparing FIG. 4(c)

to (d).

In contrast to the conventional coupler, the linear atomic quantum coupler of the present

invention can generate nonclassical effects. Nevertheless, the switching mechanism in the

former is more effective than that in the latter. Furthermore, the behavior of the linear atomic
quantum coupler of the present invention is sensitive to the types of the initial atomic states.
The device of the linear atomic quantum coupler of the present invention is able to produce
the results of the two-mode JCM under certain conditions. Additionally, the evolution of the
atomic inversions and second-order correlation functions exhibits RCP, long RCP and long
subsidiary-revival patterns based on the values of the coupling constants. Second-order

correlation function can exhibit long-lived nonclassical effects.
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CLAIMS

1. A device (200) for a linear atomic quantum coupler, the device (200) corﬁprises

a plurality of mode sources; and a plurality of waveguides;

characterized in that the plurality of waveguides are placed in close proximity

to allow exchanging of energy via evanescent waves; and the plurality of

waveguides combrises at least one localized and/or trapped atom; wherein
the plurality of mode sources comprises means for generating a
plurality of modes; and the plurality of waveguides comprises means
for propagating the plurality of modes through the pIuraIity' of

waveguides.

2. The device (200) according to claim 1, wherein the device further comprises a
plurality of detectors (214, 216) comprising means for measuring output field from the

plurality of modes propagating through the plurality of waveguides.

3. The device (200) according to claim 1, wheréin the plurality of mode sources further

comprises at least two mode sources (202, 204).

4. The device (200) according to claims 1, wherein the plurality of waveguides further

- comprises at least two waveguides (206, 208).

5. The device (200) according to claim 1, wherein rate of the exchanging of energy is

controlled by a flux intensity of the plurality of mode sources.

6. The device (200) according to claim 1, wherein the linear atomic quantum coupler

generates nonclassical effect in the output field.
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8.

10.

11.

12.

13.

17
The device (200) according to claim 1, wherein the linear atomic quantum coupler

reddces noise in the output field.

A method (100) for constructing a linear atomic quantum coupler, the method (100)
comprises
generating a p|UraIity of modes (102);
placing a plurality of waveguides in close proximity (104) to allow exchanging
of energy via evanescent waves;
localizing and/or trapping at least one atom in the plurality of waveguides
(106); and |

propagating the plurality of modes through the plurality of waveguides (108).

The method (100) according to claim 8, wherein the method further comprises
measuring output field from the plurality of modes propagating through the plurality of

waveguides (110).

The method (100) according to claim 8, wherein generating the plurality of modes

(102) further comprises generating at least two modes.

The method (100) according to claim 8, wherein propagating the plurality of modes
through the plurality of waveguides (108) further comprises propagating at least two

modes through at least two waveguides.

The method (100) according to claim 8, wherein rate of the exchanging of energy is

controlled by a flux intensity of the plurality of modes.

The method (100) according to claim 8, wherein the linear atomic quantum coupler

generates nonclassical effect in the output field.
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14. The method (100) according to élaim 8, wherein the linear atomic quantum coupler

reduces noise in the output field.
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