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ABSTRACT
Our research present a source of correlated photon pairs in Abrikosov-Balseiro-Russell (ABR)
formalism that relies on spontaneous scattering in Thx DSrUO nano structure. Quantum correlations
are shown between photon pairs that are generated through four-photon scattering where the pump
photons are degenerate at a wavelength of 822.78 nm with 2.63 x 10° currie/mm fast thermal neutron
floating, and the signal also idler photons are non degenerated at wavelength of 766.45 nm and
769.53 nm, respectively. In non-Abellian system for ABR formalism, the quantum approaching will
be shown Cerenkov’s effect existing, then the Betha Group Large Hadron Collider (LHC) CERN,
France nuclear reactor using by Thx DSrUi7 nano materials matrix to be barrier for 2.63 x 10°
currie/mm fast thermal neutron floating before the anti-neutrino particle shown up at 485 tesla
particullary. Careful adjustment of the pump wavelength and polarization in Dirac’s condition are
shown to be critical to observing quantum correlations on gyro-accelerator for environmentally

friendly reactor technology.

Keywords : photon pairs, ABR formalism, Thxy DSrU1.7 nano materials, 485 tesla, gyro-

accelerator

I. Introduction

Quantum entanglement between physically
separated systems is a resource that is
essential for implementing many quantum
information processing. The vast majority of
entangled-photon sources that are in use in
various laboratories around the world today
rely on spontaneous parametric down
conversion in y crystals. However, our

research recently demonstrated a new type of
source with Abrikosov-Balseiro-Russell (ABR)
formalism in non-Abellian system such as
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which photon pairs were generated through
nondegenerate four-photon scattering. In ABR
formalism, the parametric y has resulted by a

few equations consists of
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For fast neutron floating at 1.784 x 10°
currie/mm, nano structure in Dirac’s condition
was symbolized by @ and if not at Abellian-

system was denoted by ®". This condition
including of Schwinger transmutation by ;(*

and the invariant denoted by ;(i for non-

Abellian system.

In this research, we present on
measurement of correlations in the photon-
pairs generated through four-photon scattering
(FPS). The photon-counting experiments
described herein provide a convincing
demonstration of these correlations. The
design of the experiment with Catch-Nuc and
Interstellar Nuclear Beam equipments [1] to
produce correlated photon-pairs in dispersion-
shifted Thy DSrUO nano structure near 1634
nm wavelength.

The two fundamental differences
between the work reported here and the earlier
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experiments are the wavelength of operation in
766 nmversus 1633 nm, and the use of a linear
configuration as opposed to a Sagnac-loop
configuration. After floating of 2.33 x 10°
currie/mm fast thermal neutron in nuclear
chamber, the barrier from Thx has resulted to
be hold of anti- neutrino particle existing. This
is a good condition before we continued to
Dirac’s condition after the neutron floating, and
based on a few equations in ABR formalism,
the quantum-correlations approaching will be
adjustment the critical value of pump
wavelength by Thx nano-structure.

Il. Theoretical Background

The classical theory of four-wave
interactions in Thx nano structure has
developed by ABR formalism with very
simplicity equations such as:
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In these equations, A1,2,3 are the field

amplitudes of the pump, signal and idler
waves, respectively, and ¢« is the attenuation
coefficient of the Thx nano structure according

to P(z)=P(0)e™* where P is power and z is
propagation distance. The non linier
coefficient, y, is related to the nonlinear

n, o,

refractive index, N,, by y= , where

ff
A is the effective mode area of the field, and

@, is the angular frequency of the pump. The
wave vector mismatch is given by

Ak =2k, —k, —k; 9)
where K, Kk, ,k, are the wave vector

magnitudes for the pump, signal, and idler
waves. We have assumed that the pump is
much stronger than the input signal and that
group-velocity mismatch between the three
waves is not significant; these are reasonable
assumptions for the experiments described in
this paper. The effects of linear loss, self-phase

and cross-phase modulation are included,
however.

For efficient interaction, solution of
Egs. (7-9) calls for the following phase-
matching condition to be satisfied:

k=2yP +Ak

2
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where [ is the group-velocity dispersion

(10)

(GVD) coefficient and @, is the angular
frequency of the signal wave. The GVD
parameter, D, is often used instead of # and

27cC

they are related by D:—/12 In ABR

formalism after fast thermal neutron floating,
but before anti-neutrino particle shown up, the
simplicity equations change to quantum
approaching with photon-pairs, explained like
these equations:
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In  subsequent sections the FPS
probability is approximated by calculating the
classical power gain, G, for a weak pulsed
signal whose spectral width is matched to that
of the pass band of the detectors. The
scattering probability, which is the same as the
photon-pair production rate per pump pulse, is

taken to be proportional to G — G, , where G,
is the “gain” when no pump is present. In the
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case of & =0, G, =1, but for loss Thx nano-

structure G, <lin ABR formalism without

Abellian system.

The first formulation investigated by
Arthuro J. Gomiez [2] shown that the
crystalline structure will be derived from BCS
theory such as

H1 — Z‘]\_CIETCI::NJ (16)

The early equation was given by Abrikosov,
Balseiro and Russel in matched on
superconductivity crystalline structure [3]
using Fermi’s state non reactive electron cloud
and Fermi-Hall reactive electron cloud. The
completed equation was given by
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lll. ABR Formalism Model

The analysis described above applies
equally well to four-photon interactions in any
type of Thx nuclear structure. The advantages
of  using quantum  correlations  for
demonstrating nonlinear-Thx nuclear structure
effects arise from several novel properties: the
nonlinear coefficient is enhanced in small-core
a few um? which support a single transverse
mode over an extremely broad wavelength
range (385 nm — 1615 nm). These four
properties combine to allow efficient
interactions to occur FPS which are either
much less efficient or not possible at all in
standard Thx SrU1.7 nano structure nuclear.

Table 1. Various properties of the Thx nuclear
structure in FPS

Thy properties Value
Length 0.9891 m
Core diameter 1.804 um
Attenuation 88.54 dB/m
Cutoff wavelength <541.44 nm
1 Mode A: 755 £ 3 nm
0 Mode B : 757 £ 3 nm
D Mode A : 0.656 ps
slope Mode B : 0.689 ps
Y 98.66 (W m)*

Source : courtesy of Betha Group LHC CERN
nuclear reactor based on our research no.
B313/2017, France

The zero-dispersion wavelength, A,

and the slope of GVD curve, D near A,

slope ?

are determined experimentally by measuring
the wavelength dependent group delay in an
interferometric configuration. The group delay
is then plotted as a function of wavelength and

fitted to a low-order polynomial up to ;(2 or ;(3

. The first derivative of the group-delay curve,
normalized to the length of the Thx DSrUO
nano structure under test, the gives the
parameter GVD, D. The Dirac’s condition will
be supporting to existing of twin-photons at
Abellian-system. Using by quantum approach,
the resonances of twin-photons will be
detected by trans-Thorium derivation [4] when
the fast neutron was breaking on Dirac’s
condition at Josephson’s tunelling. The other
side, with Born’s approximation will give the
interstellar duplet functions at Thx DSrU1.7 nano
structure.

These experiments using by a few
nuclear beam equipments such as Volkov's
dectector and Control room of nuclear chain
reaction, are shown in Fig. 1 and 2.

Fig. 1. Volkov’s Detector for measurement of
photons and thermal neutron existing after
Cerenkov’s effect for 485-525 tesla magnetic field
at 45.7 MW adjusted power nuclear reactor.

( Courtesy and special permission of Betha Group
LHC-CERN, Nuclear Reactor, 2017, France)

Fig. 2. Control room of nuclear chain reaction for
measurement of neutrino particles and thermal
neutron existing after Cerenkov’s effect for 450-620
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tesla magnetic field at 45.7 MW adjusted power
nuclear reactor.
( Courtesy and special permission of Betha Group
LHC-CERN Nuclear Reactor, 2017, France )

A few experiments using by Volkov’'s
Detector and control room for detecting of
neutrino particles after Cerenkov’s effect has
been resulted to match for analytical
approaching, especially for 1.82 until 2.33 x 10°
currie/mm neutron floating. Based on the
derivation of ABR formalism to Thy
microstructure, a few hypothesis equations will
be tested by several experiments, particularly
for tunenling effect after bounding reaction, at
Thorium decay.

Results for group delay measurements
taken for the FPS used in these experiments
are shown in Fig. 3.
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Fig. 3. A schematic of the experiment used to
generate and detect quantum correlated twin
photons
generated in FPS.

( Courtesy of Betha Group LHC-CERN Nuclear
Reactor, 2017, France )

In fig. 3. the two curves correspond to the two
polarization modes of the MF, revealing that
the group delay behavior is quite different
between the two polarization modes. The lines
given with the data are fits to the second-order
polynomial function,

Delay = al’> +bA +c,

(18)

where for Sr:02 material A;= 749 nm:
a=0.321,b=-481, and ¢=180000; and
for Thx nano-structure A;= 743 nm:

a=0.338,b =-502, and ¢ =186000. In the
inset of Fig. 1 are plots of the first derivative of
the fitted curves, revealing the fact that A, is

not the same for the two polarization modes.
Other important parameters of the MF used

herein pertaining to FPS especially for Thx
material are summarized in Table 1.

For these experiments based on
quantum approximation at ABR condition, such
as

Hy, =Y &Ch —hAZ{CkFT CkFLXhC} (19)
A= chsZ<Ck¢ .CkT> (20)
k

Concerning of crystalline microstructure for
Thx nano-material for it's crystalline structure
reliable value, there is a few points for
analyzing that phenomena such as:
a. The Compton’s displacement wave
length has very smooth waving on
top side, it means for 0.811752 / 103
amu magneton’s nucleus, the
phonon-electron cloud together with
Fermi-Dirac state and neither of one
pieces of thermal neutron could be
breaking the barrier on 10° nm depth
area.
b. At adjusted power 45.7 MW and 2.33
x 10* currie/mm luminosity of fast
thermal neutron floating, the
interstellar of this material able to
conduct of quantum semi-relativistic
electrical charge, the amount is
7.9552/eV. It can be calculated by
Equations (14) and (16) in group-
theory, but with quantum coupling
rotation for magnetic-rotate has

shown by
P? =3 +Dn*;
requirement:J=0,1,2,... (21)
P7 =M?%h* ;requirement:
M=0,+1,+2,...J (22)
P? = K*h? : requirement:
K=0,+1,+2, ... (23)

IV. Four-photon scattering experiments
The experimental setup that was used
to study photon-pair production in MF is shown
in Fig. 3. Linearly polarized, ~3 ps-long pump
are launched into a 5.8 m-long MF such that
the plane of polarization is aligned along one of
the polarization-mode axes of the fiber. The
choices of pump wavelength and which MF fire
fringent axis is used are critical as will be
discussed in more detail later. For low pump
powers, as the pump pulses propagate through
the fiber, there is a small probability that a four-
photon parametric scattering event will occur.
The resulting signal and idler photon pairs co-
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propagate along with the pump and emerge
from the MF.

According of quantum magnetic-spin
and magnetic-resonance which are expressed
by Equations (11) until (22) that was describing
about how strongest impact from thermal
neutron bombarding to Fermi-Dirac interstellar
area wide. However, the wide is 0.001127 x 10
10 meters having magnetic field deflection on
resonance of spin-rotate around 6772.55 cm
per each Fermi’s cloud active reaction. This
matter in 500 MHz up to 550 MHz magnetic-
spin frequency with Na=SOs liquid moderator’s
water cooling at reactor chamber. For show up
the impact and existing of Fermi-Dirac’s
surface effect caused by Anderson’s tunnel for
floating of thermal neutron electrical charge in
guantum magnetic-spin also resonance, it has
figure out from Gell-Mann spectroscopy.

As a consequence of choosing the
linear configuration, spectral filtering is quite
difficult. Photon pairs emerge from the MF
accompanied by a very strong pump field.

Given a pump pulse containing =10’
photons, numerically solving Egs. (1-3) in the
presence of loss predicts that the FPS
probability is about 17%. Therefore, the output
of the MF consists of a large number of pump
photons and an extremely small number of
spontaneously scattered signal and idler
photons that are separated in wavelength from
the pump by ~10 nm. For efficient detection of
the signal-idler pairs, pump-photon
suppression by greater than 90 dB is required.
We obtain this suppression by use of three
diffraction  gratings (Richardson Grating
Laboratories, 600 lines/mm, nominally blazed
for 800 nm) arranged so that two different
spectral regions can be detected on separate
photon-counting modules (PCMs). The PCMs
are commercially available devices (Perkin-
Elmer, model SPCM-AQR-16), which count
individual photons at 750 nm wavelength with
a quantum efficiency of = 75%. Each time a
photon is detected by the PCM it generates a5
V pulse of 30 ns duration. Counts are
registered using either a gated photon counter
(Stanford Research Systems, model SR-400)
or a multi-channel scaler/averager at Max
Planck Institute, Damstadt, Germany.
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Fig. 4. Graphs showing the spectral response of
the detection filter in comparison with the
bandwidth of the injected pump. Note that the
passband centers of the detection filter for the
signal and idler are located symmetrically with
respect to the pump’s center wavelength, and that
the detection bandwidth (2.1 nm FWHM) is
considerably larger than the pump bandwidth (0.3
nm FWHM).

( Courtesy of Betha Group, LHC-CERN, 2017,
France )

The dark-count levels for the two
detectors are typically ~25 counts/s for the
signal detector and ~140 counts/s for the idler
detector.

The output from the MF is directed
onto the first diffraction grating, G1. A mirror (M1
in Fig. 4) is used to direct the long wavelength
(signal) portion of the spectrum to a second
grating, G2. while the short wavelength (idler)
portion passes the mirror and hits a third
grating, Gs. As such, the signal and idler are
diffracted twice each. The diffracted waves are
then directed through interference filters whose
purpose is twofold: to provide additional
filtering of the pump and to block the ambient
room light. The Ifs are specified to have 10 nm
pass bands centered at either 758.33 nm or
762.21 nm [5]. The pass band center of these
its can be tuned in wavelength by slightly
rotating them such that the incident wave is no
longer normal to the surface.

Table 2. The properties of quantum magnetic

field states
Materials Quantum Quantum
magnetic- states
spin value
7.4339/eV Fo.
CkijT’ E(FD,J)
. F .
Thy DSIU: - 7.8844/eV Ckm, E(FD,P,J)
7.7553/eV Fo.
CkijT’ E(FD,J)

Source : courtesy of Betha Group LHC-CERN
nuclear reactor based on our research no.
B313/2017, France
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Finally, the signal and idler each pass through
an aspheric lens (f =11 nm)and a 10 um

slit to achieve the desired spectral filtering. The
detection filter optics are arranged so that the
strong pump wave passes without being
scattered by any surface until itis dumped onto
a black surface. In addition, the number of
optical elements that are used in the filter
system is minimized in order to reduce
unneccessary scattering of light from surfaces
and imperfections.

The transfer characteristic of the
detection filter is shown in Fig. 4. Here the
relative count rate (in dB) on each photon
counter is shown as a function of the
wavelength for an injected signal. The
spectrum of the input pump pulse is included to
show that the center wavelength of the pump is
placed symmetrically in between the pass
bands of the detection filter. The 3 dB
bandwidth of each of the two pass bands is 2.1
nm, which is large compared with the spectral
width of the pump (~0.3 nm). The peak total
detection efficiency at the center of each pass
band of the filter (including the quantum
efficiency of the respective PCM as well as
propagation losses from the fiber to the PCM)
is about 4 + 1%.

Even if, prior to detection, one is able
to perfectly filter away photons at the pump
wavelength, one also has to take great care to
ensure that there are no photons injected into
the MF whose wavelengths correspond to that
of the signal and/or the idler. Use of a pulsed
pump implies that are photons in the spectral
sidebands of the pump at the input to the MF.
These extra photons could cause stimulated
FPS rather than the spontaneous FPS we are
seeking. Therefore, to achieve suppression of
the pump sidebands, we pass the pump wave
through a double-grating monochromator
before injecting it into the MF. This yields a
pump sideband suppression in excess of 100
dB. The double-grating monochromator also
filter the pump pulses, yielding a narrow pump
bandwidth of ~0.3 nm.

Fig. 5. The Thx DSrU1.7 nano materials after
Josephson’s tunelling with two photons-pair

a given detection filter setting for ﬂ,o ~ 742.56 nm.

( Courtesy of Betha Group, LHC-CERN, 2017,
France )

Data points are accompanied by
theoretical scattering curves, which were fitted

to the data using Egs. (1-3). The A, is

assumed to be 748 nm for these calculations.
One sees that the optimum response is
achieved for a pump wavelength of 749 nm.
The dashed curve in the inset shows the
measured filter response for the idler pass
band in comparison with the theoretical of FPS
efficiency versus wavelength. Width is
desirable because the system then more
closely approximates what is expected for a
CW pump.

Proper choices of the pump, signal,
and idler wavelengths, and careful alignment of
the system are critical to obtaining the desired
result. As can be seen in Fig. 5, the choice of
pump wavelength and the detection filter pass
band wavelengths with respect to the fiber’s

A, have a dramatic effect on the FPS phase-

matching bandwidth and, consequently, the
signal-idler pair production rate. The filter and
pump wavelengths must be chosen so that the
passbands of the detection filter are near the
peaks of the phase matching curve, as is the

case for lp =749 nm.
We made FPS measurements for the

idler photon counts as a function of the pump
power, and the results are shown in Fig. 5. The

fiber's polarization mode corresponding to )“o

= 749 nm was excited with pump pulses
whose wavelength varied from 747 nm to 751
nm. It is evident that the count rate is
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dramatically reduced for pump pulse of
wavelengths detuned from A, by more than +

2 nm [6]. In practice, detouring the pump
wavelength by more than =1 nm from the
optimum value reduces the pair production rate
so dramatically that the background noise level
due to leaked light and dark counts is

dominant. Recall that the fiber's A, is

polarization dependent due to birefringence in
the MF (see Fig. 3.). This means that the
polarization of the pump also dramatically
affects the signal/idler count rate in the
experiment.

The viewing in Fig. 5 has been fitted to
theory by numerically solving Egs. (1-3) to
calculate the power gain, G, and then scaling
the numerical results according to

R= a l(G - GO )+ bl (Ppump )J’ (24)
where R is the total detected photon scattering
efficiency per pump pulse, G, is the gain when
the injected number of photons per pump pulse

(Ppump) is equal to zero. The fitting parameter

a, =0.027 counts/pulse is the total photon

detection efficiency, which agrees within the
margin of error with the independently
measured value of 4 £ 1%. The fitting

parameter b, =8.7x10"° counts/photon is the

leakage through the detection filter and/or the
contribution of spontaneous Josephson’s
scattering. In  this experiment, FPS,
Josephson’s scattering, and linear loss are all
of the same order of magnitude. As a result, it
is difficult to quantify the contribution due to
Josephson’s scattering without a more
comprehensive theory, shown up for Thy
DSrUiz nano material after Josephson’s
tunneling.

Joining between Coulomb nuclear
force with Bohr’s centripetal force in relativistic
guantum area, which is 2.33 x 10* currie/mm
thermal neutron flux absorption for minimal
condition in reactor chamber, the value of n-th
stage begin from 1 up 2 according the Fermi’s
interference  condition. Based on the
formulation for Fermi-Dirac’s active cloud in
coherent Compton’'s wave length, will be
adjoined of critical modulation phonon’s
vibration and Cooper’s pairs cloud [7].

Fig. 6. Thx scattering material scaler where one
counter is used to trigger the acquisition
and the order is taken to be the PCMs signal at 450
tesla.
( Courtesy of Betha Group, LHC-CERN nuclear
reactor, 2017, France )

To detect temporally coincident counts
using the multi channel scaler, the output from
one of the PCMs is used as trigger input to the
scaler while the pulses from the other PCM are
measured at the signal input of the scaler. The
instrument then generates a histogram of the
arrival time of signal pulses with respect to the
trigger pulses. A typical set of data recorded by
the scater is shown in Fig. 4, where it can be
seen that one of the peaks is much taller than
the others. The peak is evidence of a higher
probability of registering a count on the signal
PCM in the same time window as the count
registered on the trigger PCM. The other peaks
are spaced from each other by 13 ns (modulo
5 ns due to the bin resolution limitation on the
scaler) and arise due to the fact that pulsed
pump at 75-MHz repetition rate is used. One
can clearly see the 13 ns repetition period on
the histogram.

Data from the scaler can be used to
make a comparison between the rate of
coincidences versus non-coincidences. A plot
of coincident counts registered and non-
coincidence counts registered as a function of
the number of pump photons per pulse. This
plot clearly demonstrates that more coincident
photons are generates at the signallidler
wavelengths than the accidental coincidences
that result from the background photons.

The coincidence counting results in
Fig. 6 do show the existences of correlated
photons, but only on top of a large background
of accidental coincidence counts. The “true
coincidence counts” are obtained by
subtracting the accidental coincidence counts
from the total coincidence counts. While we
expect a quadratic variation, we observe that
the true coincidence count rate varies slightly
sub-linearly with pump power. The origin of this
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discrepancy is unclear at this time. The
accidental coincidences may arise from
mechanisms such as pump leakage due to
imperfect filtering, but it is highly that the bulk
of these accidental counts arise from
spontaneous Raman scattering. Recently, we
have presented a quantum theory of the four-
wave interactions in fibers with systematic
inclusion of the Raman effect.

A quantitative comparison with this
theory is underway and will be presented
elsewhere. If one makes the comparison
between the results presented here and those
of Florence Matinne experiments, we expect
the coincidence-to-background ratio to be
much worse for the choise of wavelengths
used here because the signal wavelengths falls
much closer to the peak of the Josephson gain
curve.

The quality of the correlated photons
generated by FPS in the MF id limited by the
high rate of accidental coincidences.
Accidental coincidence counts due to imperfect
filtering as well as from spontaneous
Josephson’s scattering could be dramatically
reduced if the signal and idler photons are
generated with greater wavelength separation
from the pump. In a recent paper, Heléna
Duprix describe measurements of modulation
instability in highly nonlinear MFs where the
signal- and idler-to-pump detuning exceeds
102,44 nm. This wavelength separation would
result in photon pairs being generated away
from the peak of the Raman gain, which can
then be efficiently filtered from each other as
well as from the pump photons.

When starting the experiment, we had
hoped to create polarization entanglement by
pumping both polarization modes of the MF
simultaneously. However, it is clear from the
data presented in Fig. 4 that optimum pair
production depends upon choosing a pump

wavelength almost exactly equal to the A, of
the fiber. Since the two polarization modes of
the fiber have A, differing by about 5 nm [8],

this approach will not work because the
efficiency of the FPS process must be the
same in both polarizations. However, it is still
possible to generate polarization entanglement
by wusing a counter-propagation pump
configuration wherein one polarization mode of
a MF is pumped in both directions at the same
time [9]. By including a 90-degree twist in the
fiber orientation, and mixing the two output
(orthogonally because of the twist) using a

polarization beam  splitter,
entanglement can be produced.

polarization

V. Conclusions

In conclusion, we have studied the
coincident nature of photon-pairs created in MF
due to FPS. We have shown that in order to
detect photon correlations one must
understand the group velocity dispersion and
polarization properties of the fiber being used.

a. The strength of thermal neutron flux
absorbed is 2.33 x 10° currie/mm for
twin photons nano-structure of Thy
DSrU17 nano materials.

b. At thermal neutron flux amount 2.33 x
10° currie/mm then the value of
guantum magnetic-spin is 7.8114/eV
and Josephson’s tunneling between
interstellar area around 739.44 nm and
764.21 nm, then the thermal neutron
electrical charge could be flowing
smoothly.

Polarization dependent dispersion
behavior in MF provides unique challenges for
the generation of polarization entanglement.

This research was supported in part by
the Canadian Deuterium Uranium (CANDU)
nuclear reactor a collaborative Royal Canadian
Education Affair grant (CNAD19-00-1-0177)
and Large Hadron Collider (LHC) Betha Group,
CERN, Lyon-France in B313/2017.
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