
PtSe2 and HfSe2: New Transition Metal 

Dichalcogenides for Switching Device 

Applications  
 

 

 

by 

 

 

AbdulAziz AlMutairi 

 

 

A thesis 

presented to the University of Waterloo 

in fulfillment of the 

thesis requirement for the degree of 

Master of Applied Science 

in 

Electrical and Computer Engineering - Nanotechnology 

 

 

 

Waterloo, Ontario, Canada, 2018 

 

 

© AbdulAziz AlMutairi 2018 

 



 

 ii 

AUTHOR'S DECLARATION 

I hereby declare that I am the sole author of this thesis. This is a true copy of the thesis, including 

any required final revisions, as accepted by my examiners. 

I understand that my thesis may be made electronically available to the public. 

 



 

 iii 

Abstract 

Recently, silicon-based complementary metal-oxide-semiconductor (CMOS) technology has been 

struggling in keeping the continuous improvement predicted by Moore’s Law. Hence, significant 

efforts have been made to find alternatives to the conventional silicon technology. Nanoelectronics 

based on two-dimensional (2D) materials, such as black phosphorus (BP) and molybdenum disulfide 

(MoS2), have demonstrated great potential for electronic devices due to their intriguing mechanical, 

optical and electrical properties. In this thesis, two of novel 2D materials among the transition metal 

dichalcogenides (TMDs) family have been explored for the use in nanoelectronic devices – platinum 

diselenide (PtSe2) and hafnium diselenide (HfSe2). It was reported earlier that PtSe2 and HfSe2 exhibit 

higher carrier mobilities among PtX2 and HfX2 families. First-principle simulations and atomistic 

quantum transport simulations based on the non-equilibrium Green’s function (NEGF) method within 

a tight-binding (TB) approximation are used to study PtSe2 and HfSe2 and their device applications. 

Despite the fact that PtSe2 has a relatively small electron effective mass (0.21m0), its six conduction 

valleys in the first Brillouin zone give rise to relativity large density of states (DOS). As a result, 

compared to its molybdenum diselenide (MoSe2) counterpart, PtSe2 field-effect transistors (FETs) 

exhibit better on-states characteristics (>30%) while maintaining a near-ideal subthreshold swing (SS) 

of ~64 mV/dec. The scaling study of the channel length (Lch) and the equivalent oxide thickness 

(EOT) show that a near ideal SS can be persevered with channel lengths longer than 15 nm or through 

aggressive scaling of the gate oxide (e.g., EOT = 0.4 nm). 

On the other hand, HfSe2 FETs exhibit nearly identical symmetric transfer characteristics for n-type 

(NMOS) and p-type transistors (PMOS) despite its asymmetrical effective mass and DOS in the 

conduction and the valence band. Both exhibits steep switching (<70 mV/dec) with exceptional on-

current (~1 mA/µm). Through the scaling study, it was revealed that HfSe2 FETs exhibit great 

immunity to short-channel effects (SCE) at Lch ≥ 15 nm, but show significant degradations in 

subthreshold swing and drain-induced barrier lowering at sub-10 nm channel even with a thin gate 

dielectric. Finally, both NMOS and PMOS HfSe2 devices exhibited excellent intrinsic device 

performance, making them promising candidates for future logic device applications. 
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Chapter 1 

Introduction 

Complementary metal-oxide-semiconductor (CMOS) technology has been the backbone of the 

recent advances in the electronics industry. This significant contribution is the result of the fact that 

density of integrated transistors has been doubling regularly in the past decays as shown in Fig. 1.1. 

This is famously known as Moore’s Law [1]. However, CMOS, thus far, depends mainly on silicon 

(Si). While Si has been robust material for electronics, it is approaching its physical limits. At this 

small scale and dense arrangement, Si-based electronics performance is hindered by the quantum 

mechanical effects like quantum tunneling. Hence, industry start exploring alternative materials that 

exhibits better performance or provide novel functionality in the nanoscale regime [2].  

 

 

Figure 1.1: Transistors number per chip for the past few decays and their clock speeds in 

MHz. It displays great deal of agreement with Moore’s law. However, clock speeds have been 

saturated since 2004 [3].   

 

In 2004, Andre Geim and Konstantin Novoselov, from the University of Manchester, synthesized 

an isolated layer of graphene, which is a single layer of carbon atoms arranged in a hexagonal shape 

[4]. Graphene showed a great deal of potential for electronic devices due it high carrier mobility [4]–

[6]. However, the fact that graphene has no band gap (Eg) makes it impractical for switching devices 
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application. Nonetheless, such discovery paved the road for more exploration in the field of two-

dimensional (2D) materials.  

Since then, a large number of 2D materials have been discovered such as molybdenum disulfide 

(MoS2), black phosphorus (BP), and germanane (GeH). These materials have demonstrated great 

mechanical and electrical properties, which make them useful for a wide range of applications. For 

example, recently, multilayer BP has demonstrated great potential for a channel material in field-

effect transistors (FET). It exhibited a mobility of ~1000 cm2/V-s. In addition, it showed ambipolar 

behavior with ~ 105 drain current modulation as shown in Fig. 1.2 [7]. 

 

 

Figure 1.2: (a) Schematic of the multilayer BP device used in the work based on the 3D 

atomic force microscope (AFM) scan (top) and the cross-sectional thickness of the channel 

(bottom). (b) Transfer characteristics (In log scale) of the multilayer BP FET at drain voltage 

VD = 10mV (red) and VD = 100mV (green). (c) Hall coefficient (blue) and conductance (red) vs. 

gate voltage (Vg) inset: Optical image of the multiterminal apparatus used. (d) the p-type 

transport characteristics of BP FET for Vg = -30V (black), Vg = -25V (red), Vg = -20V (green), 

and Vg = -15V (blue). Inset is the n-type transport characteristics showing high nonlinearity. ( 

Vg = 30V, 25 V and 20 V in black, red and green, respectively) [7]. 

configuration to avoid complications from electrical contacts25. A
two-terminal conductance measurement set-up was also used on
some of our devices. This was found to overestimate hole mobility,
but still yielded values of the same order of magnitude (Fig. 3b,
inset). Such mobility values, although still much lower than in gra-
phene29–31, compare favorably with MoS2 samples18,19,25 and are
already much higher than values found in typical silicon-based
devices that are commercially available (!500 cm2 V21 s21)23.

The thickness dependence of the two key metrics of material
performance—drain current modulation and mobility—was
further explored to elucidate the transport mechanism of few-
layer phosphorene FETs. The experimental results are summarized
in the inset of Fig. 3b. The drain current modulation decreases
monotonically as sample thickness is increased, while the mobility
peaks at !10 nm and decreases slightly above this. A similar
thickness dependence of carrier mobility has been reported in

other two-dimensional FETs such as few-layer graphene and
MoS2, where models taking into account the screening of the
gate electric field were invoked to account for the observed behav-
iour32,33. Simply speaking, the gate electric field only induces free
carriers in the bottom layers as a result of charge screening. So,
the top layers still provide finite conduction in the off state, redu-
cing the drain current modulation. The field-effect mobility is also
dominated by the contribution from layers at the bottom. Thinner
samples are more susceptible to charge impurities at the interface
(thus their lower mobilities) that are otherwise screened by the
induced charge in thicker samples. This explains the sharp increase
in the field-effect mobility below !10 nm. As the samples become
thicker, however, another factor has to be taken into account—
because the current is injected from electrical contacts on the
top surface, the finite interlayer resistance forces the current to
flow in the top layers, which are not gated by the backgate. This
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Figure 2 | Few-layer phosphorene FET and its device characteristics. a, Top: Schematic of device structure of a few-layer phosphorene FET. The device
profile shown here is the three-dimensional rendering of the AFM data. Electrodes and a few-layer phosphorene crystal are false-coloured to match how they
appear under the microscope. Bottom: Cross-section of device along the white dashed line in the schematic. b, Source–drain current (on a logarithmic scale)
as a function of gate voltage obtained from a 5-nm-thick device on a silicon substrate with 90 nm SiO2 at room temperature, with drain–source voltages of
10 mV (red curve) and 100 mV (green curve). Channel length and width of the device are 1.6 mm and 4.8mm, respectively. Drain current modulation up to
!105 is observed for both drain–source biases on the hole side of the gate doping, with a subthreshold swing (the slope of the black dashed line) of 4.6 V
per decade. A slight turn-on at the electron side is also observed. c, Hall coefficient (blue curve) and conductance (red curve) as a function of gate voltage
collected from a 8-nm-thick sample on a silicon substrate with 285 nm SiO2. Carrier type inversion, signified by the sign change of the Hall coefficient, is
observed when the polarity of the gate is reversed. Inset: Optical image of a typical multi-terminal few-layer phosphorene device. d, I–V characteristics of the
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respectively) of the gate doping indicates the formation of a Schottky barrier at the contacts.
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In fact, BP’s versatility arises from the fact that it has strong interlayer interaction, which allows for 

bandgap modulation by adjusting the number of layers. Moreover, it presents an anisotropic 

conductance behavior due to its anisotropic electron and hole effective masses as shown in Fig. 1.3.  

Thus, Hall mobility exhibits directional dependency; the mobility along the small effective mass 

direction is ~1.8x higher than the large one [8].   

 

 

Figure 1.3: (a) Polarization-resolved infrared relative extinction spectra of multilayer BP 

with six different incident light polarizations. Inset: Optical image of the BP flack used. (b) 

Polar plot of the angle-resolved DC conductivity (solid circles) and Polarization-resolved 

relative extinction at 2700 cm-1 (hollow squares) where the circles and squares with the same 

color correspond to the same directions shown in the inset of (a). Inset: optical image of the 12 

electrodes apparatus used with 30o spacing [8].  

 

Furthermore, BP FETs have shown high suitability for radio frequency applications such as voltage 

and power amplifiers in multi-GHz frequency analogue and digital electronics. Indeed, the BP FET 

fabricated along the light effective mass direction can operate at in the GHz frequency range with a 

12 GHz peak short-circuit current gain cutoff frequency and a maximum oscillation frequency of 20 

GHz as shown in Fig. 1.4. In addition, the short-circuit current gain of the BP FET can be ~20 dB/dec 

[9].  

 

 

30 degrees, and indicated by the six arrowed lines with different
colours in the inset. In this experiment, the 0! reference direction
was selected arbitrarily. For all polarizations, the relative
extinction shows a sharp increase at around 2,400 cm! 1,
indicating a band gap of around 0.3 eV, which agrees very well
with the previously reported BP band gap at the z symmetry
point36. Since the optical conductivity of BP peaks in the x
direction at the band edge36, by rotating the linear polarizer in
finer steps, the angle between the x direction and the blue arrow
(0! in Fig. 2a) is determined to be ! 8!. The anisotropy in the
optical conductivity arises from the directional dependence of
the interband transition matrix elements in anisotropic BP
bands36,43.

Angle-resolved DC conductance. We also independently deter-
mined the x- and y directions of the BP thin film using an angle-
resolved DC conductance measurement. In this experiment, 12
electrodes (1 nm Ti/20 nm Pd/30 nm Au) were fabricated on the
same flake spaced at an angle of 30! along the directions as shown
in the inset of Fig. 2b, which are along the same directions
indicated by the coloured lines in Fig. 2a. Here we use the same 0!
reference as that in the polarization-resolved infrared spectro-
scopy measurement in Fig. 2a. We performed these DC con-
ductance measurements by applying an electric field across each
pair of diagonally positioned electrodes separated by 22mm
at 180! apart and the results are plotted in Fig. 2b in polar
coordinates. Measurements on each pair of electrodes lead to two
data points in Fig. 2b separated by 180! for positive and negative
bias, respectively. The directional dependence of the low-field
conductivity in an anisotropic material can be described by the
equation: sy¼ sxcos2(y!f)þsysin2(y!f). The resulting cal-
culated conductance fits nicely to the measurement data (red
solid curve in Fig. 2b). sx and sy refer to the conductivity of BP
along the x- and y directions, respectively. y is the angle, with
respect to the 0! reference direction, along which both the electric
field is applied and the conductance is measured. sy is the
conductivity along the y direction. f is the angle between the
x-direction and the 0! reference. f¼ ! 8! gives the best fit for
this sample (Fig. 2b), which agrees perfectly with the value
obtained using infrared spectroscopy. Here, the x- and y direc-
tions correspond, respectively, to the high and low mobility
directions, as shown in Fig. 1. From the fitted curve, the ratio sx/
sy is extracted to be around 1.5, corresponding to a ratio of the
mobility along the x- and y directions mx/my¼ 1.5. Owing to the
current spreading, this simple approach probably leads to an
underestimation of the mobility anisotropy, as confirmed by the
Hall measurement presented in the later part of this work.

Polarization-resolved Raman scattering. We further performed
polarization-resolved Raman scattering measurements on the
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thickness of around 30 nm. Scale bar: 20mm. (b) DC conductivity and
IR relative extinction measured along the same six directions on this BP
flake and plotted in polar coordinates. The angle-resolved DC conductance
(solid dots) and the polarization-resolved relative extinction of the same
flake at 2,700 cm! 1 (hollow squares) are shown on the same polar plot.
Dots and squares of the same colour correspond to the directions indicated
by the arrows in the inset in a. Inset: an optical image of this BP flake with
12 electrodes spaced at 30! apart. Scale bar: 50mm. The crystalline
orientation as determined by polarization-resolved IR measurements and
angle-resolved DC conductance measurements match exactly. In both a,b,
f is the angle between the x direction and the 0! reference.
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not change as the excitation light polarization varies. However, the relative
intensities of these three modes change significantly with incident light
polarization. The polarization-resolved Raman spectra can be used to identify
the crystalline orientation of BP thin films, which is especially useful for
relatively small flakes due to the small laser spot size (B1–2mm).
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30 degrees, and indicated by the six arrowed lines with different
colours in the inset. In this experiment, the 0! reference direction
was selected arbitrarily. For all polarizations, the relative
extinction shows a sharp increase at around 2,400 cm! 1,
indicating a band gap of around 0.3 eV, which agrees very well
with the previously reported BP band gap at the z symmetry
point36. Since the optical conductivity of BP peaks in the x
direction at the band edge36, by rotating the linear polarizer in
finer steps, the angle between the x direction and the blue arrow
(0! in Fig. 2a) is determined to be ! 8!. The anisotropy in the
optical conductivity arises from the directional dependence of
the interband transition matrix elements in anisotropic BP
bands36,43.

Angle-resolved DC conductance. We also independently deter-
mined the x- and y directions of the BP thin film using an angle-
resolved DC conductance measurement. In this experiment, 12
electrodes (1 nm Ti/20 nm Pd/30 nm Au) were fabricated on the
same flake spaced at an angle of 30! along the directions as shown
in the inset of Fig. 2b, which are along the same directions
indicated by the coloured lines in Fig. 2a. Here we use the same 0!
reference as that in the polarization-resolved infrared spectro-
scopy measurement in Fig. 2a. We performed these DC con-
ductance measurements by applying an electric field across each
pair of diagonally positioned electrodes separated by 22mm
at 180! apart and the results are plotted in Fig. 2b in polar
coordinates. Measurements on each pair of electrodes lead to two
data points in Fig. 2b separated by 180! for positive and negative
bias, respectively. The directional dependence of the low-field
conductivity in an anisotropic material can be described by the
equation: sy¼ sxcos2(y!f)þsysin2(y!f). The resulting cal-
culated conductance fits nicely to the measurement data (red
solid curve in Fig. 2b). sx and sy refer to the conductivity of BP
along the x- and y directions, respectively. y is the angle, with
respect to the 0! reference direction, along which both the electric
field is applied and the conductance is measured. sy is the
conductivity along the y direction. f is the angle between the
x-direction and the 0! reference. f¼ ! 8! gives the best fit for
this sample (Fig. 2b), which agrees perfectly with the value
obtained using infrared spectroscopy. Here, the x- and y direc-
tions correspond, respectively, to the high and low mobility
directions, as shown in Fig. 1. From the fitted curve, the ratio sx/
sy is extracted to be around 1.5, corresponding to a ratio of the
mobility along the x- and y directions mx/my¼ 1.5. Owing to the
current spreading, this simple approach probably leads to an
underestimation of the mobility anisotropy, as confirmed by the
Hall measurement presented in the later part of this work.

Polarization-resolved Raman scattering. We further performed
polarization-resolved Raman scattering measurements on the
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Figure 2 | Polarization-resolved infrared spectroscopy and angle-
resolved DC conductivity of BP thin film. (a) Polarization-resolved infrared
relative extinction spectra when light is polarized along the six directions as
shown in the inset. Inset: an optical micrograph of a BP flake with a
thickness of around 30 nm. Scale bar: 20mm. (b) DC conductivity and
IR relative extinction measured along the same six directions on this BP
flake and plotted in polar coordinates. The angle-resolved DC conductance
(solid dots) and the polarization-resolved relative extinction of the same
flake at 2,700 cm! 1 (hollow squares) are shown on the same polar plot.
Dots and squares of the same colour correspond to the directions indicated
by the arrows in the inset in a. Inset: an optical image of this BP flake with
12 electrodes spaced at 30! apart. Scale bar: 50mm. The crystalline
orientation as determined by polarization-resolved IR measurements and
angle-resolved DC conductance measurements match exactly. In both a,b,
f is the angle between the x direction and the 0! reference.
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Figure 3 | Polarization-resolved Raman scattering. Polarization-resolved
Raman spectra of a BP layered thin film with 532-nm linearly polarized laser
excitation incident in the z direction. Raman spectra with excitation laser
polarization along x- (grey), D- (red) and y directions (blue) are shown. The D
direction is along 45! angle relative to the x- and y directions, as shown in the

bottom panel. All spectra show A2
g, B2g and A1

g modes. The peak positions do

not change as the excitation light polarization varies. However, the relative
intensities of these three modes change significantly with incident light
polarization. The polarization-resolved Raman spectra can be used to identify
the crystalline orientation of BP thin films, which is especially useful for
relatively small flakes due to the small laser spot size (B1–2mm).
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Figure 1.4: the (a) before and (b) after de-embedding current and power in BP FET where h21 

is the short-circuit current gain, MSG/MAG is the maximum stable gain/maximum available 

gain, and U is the unilateral power gain. (c) and (d) is the before and after de-embedding 

imaginary part of 1/ h21 as a function of frequency [9].  

 

On the other hand, a group of 2D materials known as transition metal dichalcogenides (TMDs) 

have been in the center of attention due to their extraordinary electrical and mechanical properties 

[10]. The basic structure of this family is MX2, in which M is the transition metal and X is a 

chalcogen atom. They are generally ordered mainly in three different phases: 1T octahedral with 

tetragonal symmetry, and two trigonal prismatic one with hexagonal symmetry (2H) and the other 

with rhombohedral symmetry (3R). The number before the letter identifying the phase represents the 

number of layers needed before the crystal pattern repeats itself as shown in Fig. 1.5 [11].     

 

 

standard micromechanical cleavage method from a bulk BP
crystal and then transferred onto 300 nm thick silicon dioxide
thermally grown on highly resistive silicon (>104 Ω·cm). AFM
can be used to determine the thickness of BP flakes, which have
a layer-to-layer spacing of 0.53 nm.26,29 The x-, y-, and z-
directions of the crystal lattice are indicated in Figure 1, panel a.
In a series of recent publications, the mobility and the on−off
current ratio of BP FETs have been studied with respect to the
thickness and layer number in the BP channel.25−27 These
studies25−27 have revealed that the utilization of excessively
thick BP films (>10−15 nm) can lead to higher mobility but a
reduced on−off ratio and less pronounced current saturation.
On the other hand, transistors that use thinner BP films (<6
nm) may exhibit an on−off current ratio as high as 2 × 105, but
the mobility is often much lower, which makes them less
desirable for building high frequency transistors. In this work,
BP thin films with thicknesses around 6−10 nm were selected
for the best balanced mobility and on−off properties for RF
applications. The inset of Figure 1, panel b shows the optical
micrograph of a typical BP flake used in this work. AFM
measurements indicate a thickness of 8.5 nm in this flake
(Figure 1b). To achieve the best channel mobility, crystal
orientations of the flakes were first identified using either
Raman spectroscopy or infrared spectroscopy techniques, and
the transistors were built along the light effective mass (x-)
direction of the BP lattice. Figure 1, panel c shows the Raman
spectrum of the BP flake with the excitation laser polarized
along the x-direction. The characteristic peaks at 470, 440, and
365 cm−1 correspond to Ag

2, B2g, and Ag
1 modes, respec-

tively.26,30 Since the Ag
2 mode is associated with lattice

vibrations along the x-axis, its intensity peaks when Raman
excitation laser polarization is aligned with x-axis.31 As a result,
monitoring of the intensity of Ag

2 mode allows us to identify the
x-axis, along which the transistor channel is built. Figure 1,
panel d shows the polarization-resolved infrared spectra of the
flake, and the x-direction can be clearly identified as the
direction with the highest optical conductivity around the band
edge.26,30 The strong anisotropy in the optical conductivity of
BP is mainly due to the directional dependence of the
interband transition matrix elements in the anisotropic BP
bands, which reaches the maximum along the x-direction of the
crystal. The source and drain electrodes were formed with 1 nm
Ti/20 nm Pd/30 nm Au metal stack, which favors p-type
carrier injection into the channel owing to the large work-
function (∼5.22 eV) of Pd. The gate dielectric was made with
21 nm of HfO2 deposited by atomic layer deposition (ALD) at
a temperature of 150 °C. The typical dielectric constant is
around 13, which is determined by a capacitance−voltage
measurement on a control sample. Finally, the gate electrode
was defined by electron-beam lithography to form transistors
with submicrometer channel lengths. The fabrication process is
described in more detail in the Supporting Information. Figure
2, panel b shows the optical micrograph of the full layout of the
device. The standard ground−signal−ground (GSG) pads were
fabricated to realize signal transition from microwave coax
cables to on-chip coplanar waveguide electrodes.

DC Characterization. Figure 2, panel (a) shows the
schematic of the transistor structure. Figure 2, panels c and d

Figure 3. Current and power gain in BP transistors at GHz frequency. The short-circuit current gain h21, MSG/MAG, and unilateral power gain U of
the 300 nm channel length device (a) before and (b) after de-embedding. The device has f T = 7.8 GHz and fmax = 12 GHz before de-embedding, and
f T = 12 GHz and fmax = 20 GHz after de-embedding. (c,d) the imaginary part of 1/h21 as a function of frequency (c) before and (d) after de-
embedding. Based on Gummel’s method, the initial slope of the curve is equal to 1/f T.
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Figure 1.5: Schematics of the 3 main phases of TMDCs where 1T has tetragonal symmetry, 

2H has hexagonal symmetry, and 3R has rhombohedral symmetry [11]. 

 

In fact, TMDs based on the molybdenum (MoX2) and tungsten (WX2) structure have been 

extensively studied due to the fact that there are well-established methods to synthesis these materials 

out of which electronic devices fabricated [12]–[15]. One of the major reasons making the 2D 

materials popular for electronic devices is that they have exceptional immunity to short channel 

effects (SHE). It was demonstrated that FET with MoS2 channel can operate with a 1 nm physical 

gate, which is unachievable with Si-based technology, while maintaining a near-ideal subthreshold 

swing of ~65 mV/dec and on/off current ratio of ~106 (Fig. 1.6) [16].  
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Figure 1.6: Normalized direct source-drain tunneling current (A) as a function of the channel 

thickness and (B) a function of the gate length; based on the Wentzel-Kramers-Brillouin 

(WKB) approximation for Si and MoS2 based devices [16].  

Due the excellent performance of MoS2 FET, the logical next step is to test its capability in the 

field of CMOS technology. As shown in Fig. 1.7, an MoS2-based inverter was fabricated as part of a 

microprocessor unit. It was observed that using the same width/length (W/L) ratio for both n-type and 

p-type MoS2 FET results in switching voltage below 1 V. Therefore, low noise margin is expected for 

such device. Nonetheless, asymmetrical transistors with a 45/2 (µm/µm) W/L for the pull-up devices 

and 7/5 for the pull-down ones can allow for switching voltage close to the midpoint of the power 

supply voltage (VDD/2). Furthermore, the voltage gain exhibited by the asymmetrical MoS2 inverter is 

~60 with noise margin of ~0.59x(VDD/2), which is sufficient for multi-stage logic circuits. Finally, it 

was concluded that such microprocessor could operate in 2-20 kHz maximum frequency [17].   

 

were transferred onto a n+ Si/SiO2 substrate
(50-nm-thick SiO2) (23), located with a scanning
electron microscope (SEM), and contacted with
palladium via lithography andmetallization. These
steps were followed by atomic layer deposition
(ALD) of ZrO2 and pick-and-place dry transfer of
MoS2 onto the SWCNT covered by ZrO2 (14).
Nickel source and drain contacts were made to
MoS2 to complete the device. The detailed pro-
cess flow and discussion about device fabrication
is provided in fig. S3.
Figure 2B shows the optical image of a repre-

sentative 1D2D-FET capturing theMoS2 flake, the
source and drain contacts to MoS2, and the gate
contacts to the SWCNT. The SWCNTand theMoS2
flake can be identified in the false-colored SEM
image of a representative sample (Fig. 2C). The
1D2D-FET consists of four electrical terminals;
source (S), drain (D), SWCNT gate (G), and the n+

Si substrate back gate (B). The SWCNT gate un-
derlaps the S/D contacts. These underlapped re-
gions were electrostatically doped by the Si back
gate during the electrical measurements, thereby
serving as n+ extension contact regions. The de-
vice effectively operated like a junctionless tran-
sistor (24), where the SWCNT gate locally depleted
the n+ MoS2 channel after applying a negative
voltage, thus turning Off the device.
A cross-sectional transmission electron micro-

scope (TEM) image of a representative 1D2D-
FET (Fig. 2D) shows the SWCNT gate, ZrO2 gate
dielectric (thickness TOX~5.8 nm), and the bilayer
MoS2 channel. The topography of ZrO2 surround-
ing the SWCNT and the MoS2 flake on top of the
gate oxide was flat, as seen in the TEM image. This
geometry is consistent with ALD nucleation ini-
tiating on the SiO2 substrate surrounding the
SWCNT and eventually covering it completely as
the thickness of deposited ZrO2 exceeds the SWCNT
diameter d (25). The spatial distribution of carbon,
zirconium, and sulfur was observed in the electron
energy-loss spectroscopy (EELS) map of the de-
vice region (Fig. 2E), thus confirming the loca-
tion of the SWCNT, ZrO2, andMoS2 in the device
(fig. S4) (20).
The electrical characteristics for a 1D2D-FET

with a bilayerMoS2 channel (Fig. 3) show that the
MoS2 extension regions (the underlapped regions
between the SWCNT gate and S/D contacts) could
be heavily inverted (i.e., n+ state) by applying a
positive back-gate voltage of VBS = 5 V to the Si
substrate. The ID-VBS characteristics (fig. S5)
indicate that the MoS2 flake was strongly in-
verted by the back gate at VBS = 5 V. The ID-VGS

characteristics for the device atVBS = 5V andVDS =
50mV and 1 V (Fig. 3A) demonstrate the ability of
the ~1-nm SWCNT gate to deplete theMoS2 chan-
nel and turn Off the device. The 1D2D-FET exhib-
ited excellent subthreshold characteristics with
a near ideal SS of ~65 mV per decade at room
temperature and On/Off current ratio of ~106.
The drain-induced barrier lowering (DIBL) was
~290mV/V. Leakage currents through the SWCNT
gate (IG) and the n+ Si back gate (IB) are at the
measurement noise level (Fig. 3A). The interface
trap density (DIT) of the ZrO2-MoS2 interface
estimated from SS was ~1.7 × 1012 cm−2 eV−1,
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Fig. 2. 1D2D-FET device structure and characterization. (A) Schematic of 1D2D-FET with a MoS2

channel and SWCNTgate. (B) Optical image of a representative device shows the MoS2 flake, gate (G),
source (S), and drain (D) electrodes. (C) False-colored SEM image of the device showing the SWCNT
(blue), ZrO2 gate dielectric (green), MoS2 channel (orange), and the Ni source and drain electrodes
(yellow). (D) Cross-sectional TEM image of a representative sample showing the SWCNTgate, ZrO2 gate
dielectric, and bilayer MoS2 channel. (E) EELS map showing spatial distribution of carbon, zirconium, and
sulfur in the device region, confirming the location of the SWCNT, MoS2 flake, and ZrO2 dielectric.
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Figure 1.7: (a) Schematic of the gate first technology based MoS2 invertor. (b) Transfer 

characteristics of the asymmetrical pull-up (45/2) and pull-down (7/5) transistors. (c) Output 

characteristics for gate voltages ranging from 1 to 5 V with step size of 1 V. (d) Schematic of the 

n-type invertor. (e) Demonstration of the method to determine the output voltage (VOUT) of an 

inverter at a given input voltage (VIN). (f) Butterfly graph of the MoS2 invertor to determine the 

maximum noise margin (NM) achievable [17].   

 

As part of this exploration of the TMDs family, new materials based on platinum (PtX2) and 

hafnium (HfX2) have been recently synthesized [18]–[20]. The PtX2 family, unlike their MoX2 and 

WX2 counterparts, favor 1T structure instead of the common 2H [18], [19], [21], [22]. In addition, the 

PtX2 family have an indirect band gap, in which the minimum of the conduction valley is in-between 

the high symmetry points Γ and M, whereas the top of the valence valley is on the Γ point in heavy 

and light hole configuration. In fact, they exhibit strong interlayer interaction and layer dependency, 

stronger than the layer dependency in BP, where the band gap of platinum disulfide PtS2, for 

example, drops from 1.6 eV in the monolayer to 0.25 eV in the bulk, while platinum diselenide PtSe2 

changes from a semiconductor (Eg = 1.13 eV) to a metal [19], [22]. Among the PtX2 family, PtSe2 

demonstrates the highest mobility, making it suitable for electronic devices as shown in Fig. 1.8 [23], 

[24]. 

(Supplementary Fig. 3), an on/off ratio of B108, and uniform
behaviour over a B50 mm2 area over the wafer (Supplementary
Fig. 4). The circuit is based on the NMOS logic family, where
both pull-up (load) and pull-down networks were realized using
n-type enhancement-mode FETs. The implementation of an

inverter (see circuit schematic in Fig. 2d) using this logic family is
shown in Fig. 2a (top). A careful design of the W/L ratios, where
W and L denote the width and length of the FET channels, is
crucial, as it determines the switching threshold voltage VM and
thus the ability to cascade logic stages. For simple analytic
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Figure 1.8: (a) The output characteristics (b) the transfer characteristics of 11nm thick PtSe2 

FET [19].   

Similarly, 1T crystal structure is the most stable structure for the HfX2 family. In general, HfX2 

family exhibit high mobility. In fact, theoretical study of the TMDs reported that hafnium diselenide 

HfSe2 exhibits the highest carrier mobility [24]. More importantly, unlike most other 2D materials, 

HfX2 family have a compatible native high-κ oxide of hafnium dioxide HfO2. This is beneficial for 

electronic devices since it will reduce leakage effect without introducing external mechanical stress 

on the channel material [25]. HfX2 family have an indirect band gap where the conduction valley 

minimum is located at the M point, whereas the valence band maximum is located at Γ point [25]. 

Due to its high mobility and high compatibility with HfO2, HfSe2 becames a great candidate for FET 

applications (Fig. 1.9). 
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mobility of 1L PtSe2 along the armchair and zigzag directions 
is highly anisotropic because of different wave-function overlap 
along the x and y directions, while 1 L MoS2 shows highly iso-
tropic mobility. We fabricated multi-terminal PtSe2 device to 
experimentally probe this anisotropicity of PtSe2. Figure S10 
(Supporting Information) shows the transfer curves along the 
zigzag and armchair directions. However, the anisotropic trans-
port behavior is insignificant from our experimental measure-
ment, which is very likely to be due to the small angle (30°) 
between the adjacent zigzag and armchair direction of PtSe2.

Although our experimentally measured field-effect mobility 
is higher than those in other 2D TMDC systems, it is still 
smaller than the theoretically predicted value (≈3.25 × 103 (x) 
and 1.63 × 104 (y) cm2 V−1 s−1). The charge transport in low-
dimensional systems is mainly dominated by extrinsic factors 
including charge impurity, surface traps, structurally atomic 
defects, and surface optical phonon scattering.[36–38] High-
k dielectrics was used to screen the charge impurity at the 

interface,[30,37,39] and boron nitride or self-assemble monolayer 
was employed to suppress the surface traps.[40,41] We further 
perform temperature-dependent electrical measurement to 
uncover various factors that limit the mobility in our PtSe2 
FETs.

Figure S11a (Supporting Information) shows the tempera-
ture-dependent conductivity (σ2D) of a PtSe2 device with 8-nm-
thickness. We find that the temperature variation of σ2D in the 
high-temperature regime (100 K < T < 300 K) can be modelled 
with thermally activated transport 

σ σ ( )= −
0

/a BT e E k T

 (1)

where Ea is the activation energy, kB is the Boltzmann constant, 
and σ0(T) is the temperature-dependent parameter. On the con-
trary, in the low-temperature regime (T < 100 K), the conduc-
tivity σ exhibits less temperature-dependence for all Vg values. 
This trend fits well with the variable-range hopping because 
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Figure 3. a) The output curves of 11 nm PtSe2. Inset shows the optical image of an 11-nm-thick PtSe2 device. b) The transfer curves of an 11-nm-thick 
PtSe2. c) The layer-dependent mobility of PtSe2, BP, and group-6 TMDCs at room temperature on back-gated SiO2 substrate. d) The visualized wave 
functions of the CBM state in MoS2 and PtSe2, respectively.

Table 1. The phonon-limited electron mobility of MoS2 and PtSe2 at 300 K. *mx  and *my  are carrier effective masses along directions x and y, E1x (E1y), 
Cx_2D (Cy_2D), and µx (µy) are the deformation potentials, 2D elastic modulus, and the phonon-limited mobility along the x (y) direction.

Carrier type (e) *mx /m0
*my /m0 E1x E1y Cx−2D Cy−2D µx µy

[eV] [J m–2] [103 cm2 V−1 s−1]

MoS2 0.47 0.47 5.57 5.55 129.93 135.34 0.41 0.43

PtSe2 0.26 0.48 2.20 0.72 66.95 66.82 3.25 16.25
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Figure 1.9: Transfer characteristics top gated multilayer HfSe2 FET (In black). Pulsed 

measurement with 125 µs pulse width (In red). The pulsed case show reduction in the hysteresis 

and increase in the on current; however, it comes with the cost of low-current resolution [25]. 

In this thesis, the focus will be given to PtSe2 and HfSe2 due to fact that they exhibits better 

electrical properties among their corresponding families (PtX2 and HfX2). Theoretical study based on 

the first principle calculation and non-equilibrium Green’s function (NEGF) quantum transport 

simulation will be conducted on each of these two materials to explore their performance limit in 

field-effect transistors and to optimize the device performance through engineering and design.  

 

The outline of the following chapter is 

• Chapter 2 discusses the tight-binding parameterization for PtSe2 and HfSe2 to be used in 

NEGF. In addition, it covers a brief background discussion on the simulation tools used. 

• Chapter 3 is dedicated to the study of PtSe2 FET along with the scaling assessment of both 

channel length and the equivalent oxide thickness (EOT). 

• Chapter 4 contains the investigation of both n-type and p-type HfSe2 FET and their intrinsic 

properties in addition to channel length and EOT scaling limits. 

• Chapter 5 concludes and summarizes the findings of the PtSe2 and HfSe2 devices assessments 

and discusses future work to enrich our understanding of PtSe2 and HfSe2 potentials.  

inert atmospheres, demonstrated multiple orders of magnitude im-
provement in current density for these materials relative to bulk studies
(27–29). We also conducted a preliminary study of interfacial trap states
and their suppression through the choice of compatible dielectrics. Both
HfSe2 and ZrSe2 have moderate band gaps, regardless of layer number,
and readily form native high-k oxides, reproducing for the first time two
key attributes of silicon for large-scale technological integration in a
2D nanomaterial, intrinsically scalable to the atomically thin limit.

MATERIALS AND METHODS
Crystal growth
Bulk crystals of HfSe2 and ZrSe2 were grown by CVT from stoichiometric
mixtures of elemental Hf powder (Alfa Aesar, 99.6%), Zr slugs (Alfa
Aesar, 99.95%), and Se powder (Alfa Aesar, 99.999%). These were sealed
in quartz tubes evacuated under argon, with iodine (Alfa Aesar, 99.99+%)
added at 5 mg/cm3 as a transport agent. Growth took place for 14 days
along an 11-cm transport length, corresponding to a ~100°C thermal
gradient in a single-zone furnace with central temperatures of 900° or
950°C. Both temperatures produced large amounts of platelet-like
crystals with facets several millimeters to >1 cm in size. ZrSe2 crystals
were uniformly dark green, whereas those of HfSe2 were metallic gray.

ARPES measurements
ARPES measurements were performed at Beamline 10.0.1.1 of the
Advanced Light Source of Lawrence Berkeley National Laboratory.
Bulk crystals were cleaved in situ at 10 K in ultrahigh vacuum. Sodium
was evaporated onto the cleaved sample surface in situ, with pressure
less than 10−10 torr during evaporation. All datawere collected using 75 eV
photons. ARPES measurements were carried out with a total energy
resolution of ~25 meV and base pressures below 5 × 10−11 torr.

DFT calculations
DFT calculations were performed using the hybrid density functional
HSE06, as implemented in the ViennaAb initio simulation package (34).
In the HSE06 functional, 25% of the short-range exchange interaction of
the Perdew-Burke-Ernzerhof generalized gradient approximationwas re-
placed by the short-range nonlocal Hartree-Fock exchange interaction
(34). For this study, an exchange-screening parameter w of 0.2 Å−1 was
applied for both HfSe2 and ZrSe2. All calculations were performed using
the projector augmentedwavemethod; Zr (4s, 4p, 5s, and 4d), Hf (5p, 6s,
and 5d), and Se (4s and 4p)were used as valence electron states, and spin-
orbit coupling was included in the calculations. Bulk (8 × 8 × 8) and
monolayer (8× 8× 1)G-centered k-point gridswere used,with structures
optimized for lattice constants and internal ionic coordinates until the
residual forces were less than 0.01 eV/Å.

Device fabrication and characterization
Flakes of Hf/ZrSe2 were exfoliated onto 90-nm SiO2 on p

+ Si substrates in
a nitrogen atmosphere (glovebox; O2 and H2O < 3 ppm) using a low-
residue thermal release tape (Nitto-Denko Revalpha) and cleaned with an
acetone/2-propanol soak. AlOx or HfOx (25 Å) interlayers were deposited
in situ within an interfaced Cambridge Savannah Thermal ALD chamber
[150°C, alternating H2O and TMA or tetrakis(dimethylamido)hafnium
pulses, after first saturating surfaces with 10 pulses of metal precursor],
followed by spin coating of 300 nm PMMA e-beam resist (Microchem
A5 950k). Samples were briefly removed from gloveboxes for mapping
of target flakes and e-beam lithography of contacts (Raith 150, 20 kV),
retaining PMMA coverage throughout. Patterned samples were developed
in a N2 glovebox and loaded into a custom, closed transfer stage that was
pumped to ~2 × 10−5 torr and mounted inside a Lesker PVD 75 e-beam
evaporator. Once mounted, this stage could be manually actuated to open
when external chamber pressure matched that inside, thereby limiting
contact of exposed flake surfaces to trace oxygen or moisture. Cr/Au
(15/45 nm) contacts were deposited at base pressures of ~5 × 10−8 torr,
with lift-off performedusing acetone/2-propanol in the original glovebox.
A further 200 Å AlOx capping layer was deposited (ALD, 150°C; TMA/
H2O) before transfer to a Janis Cryogenic vacuum probe station (cham-
ber pressure, 10−6 to 5 × 10−5 torr) for a final vacuum anneal (1 hour at
250°C, cooling to room temperature over several hours). Top-gated devices
were fabricated in a variation of this process, depositing a 2.5-nm HfOx

interlayer and Cr/Au (15/35 nm) contacts before encapsulation with a fur-
ther 17-nmHfOx.MaN-2403 negative-tone resist (300 nm) was spun and
patterned (Raith 150, 10 kV), lifting off a Cr/Ag (5/20 nm) top-gate
electrode.

Electrical characterization of devices was performed in a Janis
Cryogenic probe station, cooled with closed-loop liquid nitrogen,
using 4225-RPM Remote Amplifier/Switch units connected to a
Keithley 4200-SCS parameter analyzer. ALD-encapsulated flakes were
profiled via AFM (Veeco Dimension 3100, soft-tapping mode) and
Raman spectroscopy (HORIBA LabRAM, 532 nm laser source), with
devices imaged by SEM (Raith 150, 5 to 10 kV). Cross sections of
oxidized flakes (Fig. 2) were prepared with a FEI Helios NanoLab
600i DualBeam FIB/SEM using a lift-out method. A platinum layer
was deposited onto the sample area for protection, with gallium ion
milling performed right before TEM characterization. High-resolution
TEM images were obtained using an aberration-corrected FEI Titan at
300 kV, with in situ EDX elemental mapping. Device cross sections
(Fig. 3B and fig. S6) were prepared and imaged by Evans Analytical
Group using a FEI Dual Beam FIB/SEM and FEI Tecnai TF-20 FEG/
TEM at 200 kV.
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Fig. 6. Top-gated HfSe2 transistor with native HfO2 dielectric. Measured
transfer characteristics of a top-gated 7L-thick HfSe2 transistor with 2.5-nm HfOx

MIS contacts and 19.5-nm HfO2 top-gated dielectric (EOT ≈ 4.75 nm). The channel
length is L ≈ 1 mm, VDS = 1 V, and T = 295 K, and the Si substrate was grounded. DC
measurements (solid black lines) reveal ~106 on/off current ratio, despite noticeable
hysteresis and SS of ~200 to 350 mV per decade. Pulsed measurements (dashed red
lines, with 125 ms pulse width and 10 ms fall/rise times) reduce the hysteresis and
achieve higher current density, although the low-current resolution is limited. Inset
shows device schematic with source (S), drain (D), and gate (G) electrodes as labeled.
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Chapter 2 

Parameterization for Non-Equilibrium Green’s Function (NEGF) 

Simulation  

2.1 Density Functional Theory (DFT) 

Density functional theory (DFT), similar to other quantum mechanical based tools, has the goal of 

finding an approximate solution of the time-independent, non-relativistic, multibody Schrödinger 

equation [26], [27] 

>?Ψ@AxC⃗ E, xC⃗ F, … , xC⃗ H, R
CC⃗
E, R
CC⃗
F, … , R

CC⃗
JK = LMΨ@AxC⃗ E, xC⃗ F, … , xC⃗ H, R

CC⃗
E, R
CC⃗
F,… , R

CC⃗
JK     (2.1) 

where xC⃗ @  and RCC⃗ N  are the position of i-th electron and A-th nucleus, respectively, and >?  is the 

Hamiltonian of the system including N number of electrons and M number of nuclei. >?  is a 

representation of the total energy using a differentiable operator including electron-electron 

interaction, nucleus-nucleus interaction and electron-nucleus interaction [26], [27], and has the form 

of   

>? = 	−
E

F
∑ ∇M

F
	

R
MSE −

E

F
∑

E

JT

∇U
F
	

V
USE −	∑ ∑

WX

YZX
	

V
USE

R
MSE + ∑ ∑

E

YZ\

R
]^M

R
MSE + ∑ ∑

WXW_

`X_

V
a^U

V
USE   (2.2) 

    Here,	MNand $U are the atomistic mass and number of the nuclei, correspondingly. The kinetic 

energy of the electrons and nuclei are captured by the first two terms of >?, while the last three terms 

represent the attractive electrostatic interaction between the nuclei and the electrons, and the repulsive 

potential among electrons and among nuclei, respectively. It is important to note that the atomic unit 

system was utilized here to create this compact form [26], [27].  

    Born-Oppenheimer approximation employs the fact that there is a significant difference in masses 

between electrons and nuclei to simplify Schrödinger equation. The approximation views the system 

as electrons moving in a field of fixed nuclei. Hence, the nuclei kinetic term in equation (2.2) can be 

omitted, while the repulsive potential energy of the nucleus-nucleus interaction can be considered as a 

constant number. The result of this approximation is a Schrödinger equation with a Hamiltonian that 

considers only interactions involving electrons (called the electronic Hamiltonian >?cdce) and its 

solution is the electronic wavefunction Ψcdce  as shown below  [26]–[28]. 

>?cdce = 	−
E

F
∑ ∇M

F
	

R
MSE −	∑ ∑

WX

YZX
	

V
USE

R
MSE + ∑ ∑

E

YZ\

R
]^M

R
MSE = fg + "gRh + "

g
hh                (2.3) 
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>?cdceΨcdce = 	LcdceΨcdce                                                  (2.4) 

 

Here, the total energy of the system (Ejkj) can be calculated by summing the electronic energy Lcdce 

and the nuclei repulsive energy Llme 

Ejkj = 	Lcdce + Llme                                                           (2.5) 

where 

Llme = 	∑ ∑
WXW_

`X_

V
a^U

V
USE .                                                  (2.6) 

It is of a significant importance to point out that, due to the fact that electron is a fermion particle, it 

has an antisymmetric wavefunction with a spin of half. Hence, Ψ is antisymmetric when the spatial 

and spin coordinates of any two electrons are interchanged [26] as   

                             ΨAxC⃗ E, xC⃗ F, … , xC⃗ @, xC⃗ n, … , xC⃗ HK = 	−ΨAxC⃗ E, xC⃗ F, … , xC⃗ n, xC⃗ @, … , xC⃗ HK.                           (2.7) 

On the other hand, the probability of the wavefunction is unchanged by changing the coordinates 

since electrons are indistinguishable. 

oΨAxC⃗ E, xC⃗ F, … , xC⃗ @, xC⃗ n, … , xC⃗ HKo
F

= 	 oΨAxC⃗ E, xC⃗ F, … , xC⃗ n, xC⃗ @, … , xC⃗ HKo
F

                         (2.8) 

    A central concept that has to be mentioned here is wavefunction normalization. To be called 

normalized, the wavefunction probability |Ψ|F over the entire space has to be unity. This can be 

represented by an integration of the probability, across all variables, that equals to 1 as shown below 

[26], [27].    

∫…∫|Ψ(xC⃗ E, xC⃗ F, … , xC⃗ H)|
F
,xC⃗ E,xC⃗ F … ,xC⃗ H = 1                                         (2.9) 

    Here, we face our first challenge. Obtaining a solution to Schrödinger equation that satisfies the 

previous conditions and is the true ground states, is not as straightforward as it might appear. 

However, one might utilize the variational principle to compute the energy of the system. The 

variational principle of this system suggests that using a trail wavefunction Ψjt@ud  to find the 

expectation value of >? will produce and energy LvYwMx which can be considered as the upper bound to 

the true ground state [26] 

yΨjt@udo>
?oΨjt@udz = LvYwMx ≥ L{ = 	 yΨ{o>

?oΨ{z                                        (2.10) 
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To find the true ground state, full minimization of the functional L[Ψ] with respect to all N-electrons 

wavefunctions is needed 

E{ = min
Å→H

L[Ψ] = min
Å→H

yΨo>?cdceoΨz                                        (2.11) 

where the new ground state E{ is a function of the number of electron N and the nuclear potential 

"ghÇv . 

    An important idea that needs to be explained before covering the theorems for solving Schrödinger 

equation is electron density 8(%⃗). The definition of 8(%⃗) is linked to the probability equation in eqn. 

(2.9) where 8(%⃗) can be thought of as a probability density (The probability of finding N electrons in 

a volume ,r⃗) [26], [27]. It has the form of 

8(%⃗) = Ñ∫…∫|Ψ(xC⃗ E, xC⃗ F, … , xC⃗ H)|
F
,sE,xC⃗ F …,xC⃗ H                                (2.12) 

where the integral is done over the spin coordinates of all electrons and over all but one of the spatial 

variables (xC⃗ M ≡ r⃗M, )M). In fact, the electron density is a non-negative function, with only three spatial 

variables, that approaches zero when r⃗ → ∞, and its integral over the whole space returns the total 

number electrons [26]. 

8(r⃗ → ∞) = 0                                           (2.13) 

∫ 8(%⃗),r⃗ = Ñ                                           (2.14) 

    Nowadays, the two most fundamental theorems in DFT are the two theorems by Hohenberg-Kohn 

[29]. These two theorems are: 

• The ground-state energy L{ is a unique function of the electron density 8(%⃗). 

• The true electron density 8à(%⃗) is the electron density that minimizes the energy of the overall 

functional. 

Using a similar method as the one shown in eqns. (2.10) and (2.11), an approach called the 

Constrained-Search (developed by Levy [30]) is employed to find the minimum energy L{ described 

by Hohenberg-Kohn. The Constrained-Search approach break the search into two separate steps. 

First, A search over the infinite space of antisymmetric wavefunctions Ψ to find a Ψ at which a 
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particular trail electron density 8vYwMx(%⃗)  has its lowest energy ( 8vYwMx(%⃗)  has to satisfy the 

requirement in eqn. (2.14)). Second, a search over all electron densities 8(%⃗) is done to find the true 

minimum energy L{ [26], [28], [29].  

E{ = min
l→H

	(min
Å→l

yΨo>?cdceoΨz)                                         (2.15) 

The fact that the energy term associated with the external potential "ghÇv  does not depend on the 

wavefunction Ψ of the system and only depends on the electron density 8(%⃗) allows us to modify 

eqn. (2.15) to  

E{ = min
l→H

	(F[8(%⃗)] + ∫ 8(%⃗)"ghÇv,r⃗)                                           (2.16) 

where 

F[8(%⃗)] = min
Å→l

yΨofg + "ghhoΨz.                                            (2.17) 

    It is simpler to use the single electron wavefunction Ψ@ to represent a functional that is described by 

the Hohenberg-Kohn. 

E[Ψ@] = Lväv[Ψ@] + Lãå[Ψ@]                                         (2.18) 

Here, Lãå  is the exchange-correlation function used to describe the energy of the quantum 

mechanical properties not described by eqns. (2.3) - (2.6) and are unknown. In addition, it takes into 

account the fact that defining the kinetic energy described by the single electron picture is not the true 

kinetic energy for which it compensates [26]–[28]. 

    While Hohenberg-Kohn theorems presented us with a new point view to solve Schrödinger 

equation, it is still a challenging task. Kohn and Sham provided a systematic approach to solve 

Schrödinger equation through a set of single electron based equations [31]. The Kohn-Sham equation 

have the from 

[f + "Rh + "ç + "ãå]Ψ@ = LMΨM	                                             (2.19) 

where 

f = −
E

F
∇M
F                                                          (2.20) 

"Rh = −
WX

YZX
	                                                             (2.21) 
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"ç = ∫
éAY⃗\K

YZ\
,r⃗]                                                           (2.22) 

"ãå =
èêëí

èé
                                                            (2.23) 

 

Here, f is the kinetic energy term of the single electron Hamiltonian, "Rh is the interaction potential 

of the electron and the collection of atomic nuclei, "ç is the Hartree potential describing the repulsive 

interaction of the single electron considered and total electron density of the system, and "ãå is 

functional derivative of the exchange-correlation function taking into account all the interactions not 

included in the previous terms [26]–[28], [31]. 

Now, one can use the following self-consistent iterative algorithm to find the solution of the single 

electron Kohn-Sham equations (Fig. 2.1): 

1. Define a trail electron density 8vYwMx(%⃗). 

2. Using 8vYwMx(%⃗), solve eqns. (2.19)-(2.23) to find the single-electron wavefunction Ψ@. 

3. Using the obtained Ψ@, a new electron density 8ìî(%⃗) using eqn. (2.12).  

4. Check if 8vYwMx(%⃗) = 8ìî(%⃗). If yes, calculate the ground state energy E{ . If No, adjust 

8vYwMx(%⃗) using a weighted average of 8ìî(%⃗) and 8vYwMx(%⃗) to create a new 8vYwMx(%⃗). 

 

Figure 2.1: Flowchart of the main DFT self-consistent loop. 
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    As shown above, the self-consistent Kohn-Sham approach provides a compact and simple method 

to approximate the solution of the single electron wavefunction. However, the challenging part is 

defining Lãå due to the fact that its true from is unknown. To approximate Lãå, it is assumed that the 

system has a uniform electron gas behavior. Indeed, several methods have been developed to 

approximate Lãå having in their cores the uniform gas approximation. The simplest one is called the 

local density approximation (LDA) method. LDA assumes that the electrons are moving in 

background of positive charge distribution and the total ensemble is charge neutral [26], [28], [31] . 

The form of the Lãå suggested by LDA is 

Lãå
ïñU

=	∫ óÇò(8(%⃗))8(%⃗),r⃗                                         (2.24) 

óÇòA8(%⃗)K = 	 óÇA8(%⃗)K +	óò(8(%⃗))                                    (2.25) 

óÇA8(%⃗)K = 	−
ô

ö
õ
ôé(Y⃗)

ú

ù

                                                             (2.26) 

where óÇò(8(%⃗)) is exchange-correlation energy per electron in the uniform gas of density 8, which 

can be calculated as the sum of the exchange energy óÇ  and the correlation part óò as shown in eqn. 

(2.25). While the óÇ  has the form shown in eqn. (2.26), óò  has no explicit form and multiple 

estimations can be found in the following references [32]–[34].  

Generally, LDA has an exchange energy accuracy of around 10%; however, it shines when studying 

bonds length in crystal where the bond length accuracy is ~ 2%. Nonetheless, LDA still suffers when 

it comes to a system of heavy fermions or a system where the band gap Lû information is of a great 

deal of importance [26]–[28].  

    To overcome most of the limitation the LDA has, the generalized gradient approximation (GGA) 

has been developed. To address the reality that the true electron gas is inhomogeneous, GGA use not 

only the electron density information in its exchange-correlation function, but also the gradient of the 

electron density ∇8(%⃗) as shown below [26], [28].  

Lãå
üüU

= 	∫ óÇò(8(%⃗), ∇8(%⃗))8(%⃗),r⃗                                         (2.27) 

The most commonly used GGA functional in research these days are Perdew-Wang functional 

(PW91) [35] and Perdew-Burke-Ernzerhof functional (PBE) [36]. GGA paved the way for hybrid 

functional that provides better approximations, such as Becke-Lee-Yang-Parr (BLYP) [37], [38].   

L
ãå

†°¢
= £Lã

ìî
+ (1 − £)Lãå

üüU                                                     (2.28) 
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Here, Lãìîis the exact Kohn-Sham wavefunction exchange energy, and £ is a fitting parameter. 

    Thus far, the focus of the discussion was the Hamiltonian operator >?. Now, we need determine 

which representation we use for the wavefunction Ψ. First, there is a linear combination of atomic 

orbitals (LCAO) expression. In this approach, the Kohn-Sham orbitals ΨM are expanded using an L 

predefined basis function φ§ 

ΨM(%⃗) = 	∑ •¶Mφ§(%⃗)
ï
¶SE                                      (2.29) 

φ§(%⃗) = φ§(%)ßx®(Θ,™)                                      (2.30) 

Substituting eqn. (2.29) in eqn. (2.19), the LCAO based Kohn-Sham equation becomes 

H
¨≠ ∑ •¶Mφ§(%⃗)

ï
¶SE = LM ∑ •¶Mφ§(%⃗)

ï
¶SE                                               (2.31) 

By multiplying eqn. (2.31) by an arbitrary basis function φÆ and integrating over all space %⃗, we get 

∑ >Ø¶
ìî
•¶M¶ = ∑ ∞Ø¶•¶MóM¶                                  (2.32) 

where >Ø¶ìî  is the Kohn-Sham matrix and ∞Ø¶  is the overlap matrix [26]. 

    The other method to describe the wavefunction Ψ is called the plane wave (PW) method. Due to 

the periodic nature of crystals, Ψ has to obey a fundamental property of waves described by Bloch’s 

theorem 

ϕ≤(%⃗) = +≤(%)*
M≤∙Y⃗                                                   (2.33) 

Here, ' is the wave vector, +≤(%) is a periodic potential and has the same periodicity as the cell 

studied.  PW method, as the name suggests, chooses to use plane waves basis functions that are 

periodic with respect to the Brillouin zone (BZ) 

φ§(%⃗) =
E

√µ
∑ ∂ü*

Mü∙Y⃗
ü                                                  (2.34) 

Ψ≤(%⃗) =
E

√µ
∑ ∂≤∑ü*

M(ü∑≤)∙Y⃗
ü                                        (2.35) 

where ∏is the vector of the reciprocal lattice. Similarly, all other functions become periodic 

n(%⃗) = ∑ 8ü*
Mü∙Y⃗

ü                                               (2.36) 

V(%⃗) = ∑ "ü*
Mü∙Y⃗

ü                                               (2.37) 
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    PW have a lot of advantages; for example, the fact that it orthogonal, independent of the atomic 

position, and it works for any atomic type. In addition, the approximation can be improved by simply 

increasing the kinetic cutoff energy (Lò∫väªª). The minimum Lò∫väªª can by derived by looking into 

the kinetic term of the Kohn-Sham equation. By applying the kinetic operator on the wavefunction 

Ψ≤, we obtain 

E =
E

F
|G + k|

F                                                 (2.38) 

Hence,  

Lò∫väªª >
E

F
|G + k|

F                                           (2.39) 

    One disadvantage of the plane-wave basis is that its Ψ has sharp feature and node due to core 

electrons. This is proven to be challenging and expensive to represent. These core electrons, and by 

extension their wave-functions, play insignificant role in chemical and electronic properties of the 

materials if compared to the valence electrons. Therefore, it would be more efficient to omit (freeze) 

these electrons and focus on the valence electrons as long as the screening effect is reproduced. This 

is accomplished through replacing the strong Coulomb potential with a modified potential called 

pseudopotential as shown in Fig. 2.2.  

 

Figure 2.2: Plot of the Coulomb potential (æ = ø

¿
) and the wavefunction ¡¬ of the all-electron 

case and the pseudopotential æ√ƒ≈∆«»  and pseudo-wavefunction …  in real space. [39]. 
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    There are three main pseudopotentials which are the norm-conserving pseudopotential (NCPP) 

[40], the ultrasoft pseudopotential (USPP) [41], and the projector augmented-wave pseudopotential 

(PAW) [42]. All the pseudopotential freezes the core electron by adjusting the core radius %ò (the 

vertical line shown in the right edge of Fig. 2.2) to be away from the core region. The difference 

among them, however, arises from the cutoff-energy Lò∫väªª  requirement; if it requires higher 

Lò∫väªª, then it is hard; while soft pseudopotential requires smaller Lò∫väªª. PAW has a special 

feature that is its capability of reconstructing the all-electron wavefunctions from the pseudo-

wavefunction using a linear transformation. This allows for better representation of the results 

without excessively increase the computational time [27]. 

    In addition, the BZ idea minimizes the calculation requirement since the reciprocal space is 

periodic outside the 1st BZ. However, a large number of quantities calculated using DFT (e.g charge 

density, density of state, … etc.) require an integral over all k-points in the BZ 

〈Ã〉 =
E

µŒœ
∫ Ã('),'                                                       (2.40) 

    Clearly, an integration over an infinite k-points is impractical for computational simulations. 

Hence, the integration in eqn. (2.40) can be approximated using a weighted sum. This method is 

called the Gaussian quadrature method 

〈Ã〉 =
E

µŒœ
∫ Ã('),' = 	∑ –MÃ('M)

—

M
                                               (2.41) 

where – is the weight associated with each k-point. 

    Monkhorst and Pack have developed an efficient method to solve eqn. (2.41), which made it 

widely used in DFT calculation nowadays [43]. It works by first determining the number of k-points 

needed in all the three reciprocal lattice vectors (“M			” = 1,2,3) and creating a uniformly distributed k-

points over the irreducible 1st BZ (IBZ) 

k’t÷ = +◊“E + +Y“F + +ÿ“ô                                         (2.42) 

ut =
FY⁄—¤⁄E

F—¤
																										% = 1,2, … , ‹Y                     (2.43) 

Those k-points can be further reduced using symmetrical operation to determine the unique points 

and their weights. For example, in Fig. 2.3, a simple quadratic 2D lattice is plotted with 16 k-points 

(‹E = ‹F = 4). As shown in Fig 2.3, there are only 3 unique k-points within IBZ (shown green 

dashed line). 
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Figure 2.3: Scheme of a simple quadratic 2D lattice showing the 1BZ and 16 equally spaced 

k-points. 

    To determine the weight of each k-points, the number of copies it has in the rest of the BZ is 

counted. Note that if the k-point is on the edge of the IBZ, it is considered to be part of two adjacent 

IBZ cells. For example, point kE has 4 equivalent point in the 1st BZ. Thus, its weight is 1/4. 

Similarly, 

4 × kE ⟹ –E =
4

16
=
1

4
	 

4 × kF ⟹ –F =
4

16
=
1

4
 

8 × kô ⟹ –ô =
8

16
=
1

2
 

Therefore, the sum that represents the integral will be 

1

Ω„‰
ÂÃ('),' ⟹

1

4
Ã('E) +

1

4
Ã('F) +

1

2
Ã('ô) 

    Finally, DFT for 2D materials requires special treatment. The Monkhorst-Pack k-points has the 

form M× 	N × 1 since there is no periodicity in the z-direction. Moreover, since the periodic images 

is inherent in the DFT calculation, one must leave enough space in the z-direction to eliminate any 

unwanted interaction between the images. Usually, 15 – 20 Å is enough.  

 

b1

b2

k1  k3

 k2
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2.1.1 DFT Simulation for Platinum Diselenide (PtSe2) 

Electronic states are calculated based on plane wave DFT calculations using Quantum ESPRESSO 

[44] with generalized gradient approximation (GGA) and projector augmented wave (PAW) 

pseudopotential. The kinetic energy cutoff of the wavefunction is 50 Ry. The structures are relaxed 

until the total force becomes less than 0.001 Ry/a.u. and the stress is less than 10-7 Ry/a0
3 (a0 being 

bohr) in all directions. The unit cell contains one Pt and two Se atoms (dashed diamond in Fig. 

2.4(a)). The band structure is plotted along the high symmetry points of the first Brillouin zone (BZ) 

in Fig. 2.4(b).  

 

Figure 2.4: (a) 1T PtSe2 crystal structure (Top panel) top view; (bottom) side view. (b) DFT 

band structure of PtSe2 showing (Ec) between Γ and M points. 

Se

Pt

(a)

(b)
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The conduction band minimum in PtSe2 is located between the Γ and M symmetry points. The 

abnormal flat valence band maximum shown in Fig. 2.4(b) can be corrected by including the spin-

orbit coupling (SOC) effect in the DFT calculation as demonstrated in Fig 2.5(b). However, 

considering SOC effect is computationally more expensive. In addition, due to the fact that the focus 

of the PtSe2 study in this thesis is on its n-type transfer characteristics and the fact that SOC effect is 

minimal for the conduction band, it was decided that the DFT band structure for the reference is the 

one without the SOC effect. 

 

Figure 2.5: PtSe2 band structure (a) without (b) with spin-orbit coupling (SOC) effect 

considered (The band structure without SOC effect is repeated here for ease of comparison). 

 

(a)

(b)
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2.1.2 DFT Simulation for Hafnium Diselenide (HfSe2) 

    The electronics states of HfSe2 are calculated by DFT based on the plane wave approximation 

using Quantum ESPRESSO [45]. Projector augmented wave (PAW) pseudopotential within the 

generalized gradient approximation (GGA) is used with the kinetic energy cutoff of the wavefunction 

being 50 Ry. A unit cell containing one Hf atom and two Se atoms (Fig. 2.6(a)) is taken for the 

calculation. The most stable crystal structure for HfSe2 is the 1T configuration. The structure is 

relaxed until the total forces reach less than 0.001 Ry/a.u. and the stress is less than 10−7 Ry/a0
3 in all 

directions. The band structure along the high symmetry points of the first Brillouin zone (BZ) of 

HfSe2 is plotted in Fig. 2.6(b).  

 

Figure 2.6: (a) Crystal structure of HfSe2 obtained from DFT. (Top panel) top view; (bottom) 

side view. The unit cell is shown by a dashed diamond. (b) DFT band structure of HfSe2. 

(a) 

Hf
Se

(b) 
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2.2 Tight-Binding (TB) Approximation 

While DFT can produce more accurate results, it is computationally expensive to be used as a 

means to generate the Hamiltonian for other calculation like NEGF. Multiple approaches have been 

suggested such as effective mass approximation and k.p method. However, such methods only 

capture the minimal features needed in NEGF; for example, the effective mass of the conduction and 

valence bands or the band gap. On the other hand, the tight-Binding (TB) method can provide a better 

approximation of the DFT result. The Hamiltonian in the TB approximation is based on atomic-like 

basis sets. In addition, instead of using the multi-body Hamiltonian operator shown in eqn. (2.19), a 

parametrized Hamiltonian is used. Those parameters will maintain features like the effect symmetry 

and distance without significantly increasing the computational time. This is accomplished by 

limiting the parameters to a minimal number within the energy range of interest [46], [47]. There are 

two main approaches to construct the TB Hamiltonian, which are Slater-Koster TB parametrization 

and maximally localized Wannier’s Function (MLWF).   

2.2.1 Slater-Koster Tight-Binding Parametrization 

Slater-Koster TB method populates the Hamiltonian using hopping integral-based parameters [48]. 

These hopping integrals originate from the electronic Hamiltonian in eqn. (2.19). If one neglects "ç 

and "ãå, the new Hamiltonian will have the form of 

>?hxhò(%) = f + "Rh = −
E

F
∇
F
+ ∑ Á(% − fM − ËÈ)M,È = −

E

F
∇
F
+ Á`(%)                   (2.44) 

where fM is lattice vector and ËÈ  is the position of the basis £. The Bloch wavefunction of each 

atomic orbital with quantum numbers Í< will be 

Ψx®
È
(', %) =

E

√R
∑ *

MÎZ∙≤	Ψx®(% − fM − ËÈ)M .                                              (2.45) 

    The Hamiltonian and the overlap matrix for the Bloch wavefunction are calculated using  

H
x®,xÏ®Ï

È,ÈÏ

(') = ÌΨx®
È
(')Ó>?hxhòÓΨxÏ®Ï

ÈÏ

(')Ô                                               (2.46) 

S
x®,xÏ®Ï

È,ÈÏ

(') = ÌΨx®
È
(')ÓΨ

xÏ®Ï
ÈÏ

(')Ô.                                               (2.47) 

Eqns. (2.46) and (2.47) can be used to define a generalized eigenvalue problem, from which the 

eigenvalues of the wavefunction can be obtained. The new Hamiltonian  H
x®,xÏ®Ï

È,ÈÏ  can be written in a 
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different form, which utilizes the atomic energy level  Ò
xÏÈÏ
{ , the crystal-field matrix ΔÒ

x®,xÏ®Ï
È , and the 

hopping integral Û
x®,xÏ®Ï

MÈ,MÏÈÏ  as follows 

H
x®,xÏ®Ï

È,ÈÏ

(') = Ò
xÏÈÏ
{

S
x®,xÏ®Ï

È,ÈÏ

(') + ΔÒ
x®,xÏ®Ï
È

3È,ÈÏ −
E

R
∑ *

M(Î
Z
Ï⁄ÎZ)∙≤	Û

x®,xÏ®Ï

MÈ,MÏÈÏ

MÈÙMÏÈÏ               (2.48) 

ΔÒ
x®,xÏ®Ï
È

= ∫,%Ψx®(% − ËÈ)[Á`(%) − Á(% − ËÈ)]ΨxÏ®Ï(% − ËÈ)]	                 (2.49) 

	Û
x®,xÏ®Ï

MÈ,MÏÈÏ

= ∫,%Ψx®(% − fM − ËÈ)[Á`(%) − Á(% − fM − ËÈ)]ΨxÏ®Ï(% − fM − ËÈ)]	.                 (2.50) 

The hopping integral Û
x®,xÏ®Ï

MÈ,MÏÈÏ , shown in eqn. (2.50), has both two-center and three-center terms. The 

Three-center term can be neglected if the basis are localized [47]. Hence, it can be assumed that 

Û
x®,xÏ®Ï

MÈ,MÏÈÏ

	~ − "
x®,xÏ®Ï

MÈ,MÏÈÏ   

"
x®,xÏ®Ï

MÈ,MÏÈÏ

= ∫ ,%Ψx®(% − fM − ËÈ)Á(% − fM − ËÈ)ΨxÏ®Ï(% − fM − ËÈ)]	                      (2.51) 

Slater-Koster simplified the previous integrals using cubic harmonic orbitals [48]. Now, the 

integral describing the interaction between two atomic bases can be approximated using a 

combination of bonds integrals. Below listed some examples of the energy integrals terms of the two-

center approximation (More terms are provided in refs. [47], [48])  

Lÿ,ÿ 				 = 																															 "ÿÿˆ  

Lÿ,Ç 				= 																														Í"ÿ◊ˆ  

LÇ,Ç 				= 																											 Í
F
"◊◊ˆ 																																			+ (1 − Í

F)"◊◊ú 

LÇ,° 				 = 																									Í<"◊◊ˆ 																																													− Í<"◊◊ú 

LÇ,˜ 				= 																										Í8"◊◊ˆ 																																															− Í8"◊◊ú 

Lÿ,Ç° 		= 																				√3Í<"ÿ¯ˆ  

LÇ,Ç° 		= 																	 √3Í
F
<"◊¯ˆ 																													+ <(1 − 2Í

F)"◊¯ú 

LÇ°,Ç° = 																	3Í
F
<
F
"̄ ¯ˆ 															+ (Í

F
+<

F
− 4Í

F
<
F
)"̄ ¯ú 															+ (8

F
+ Í

F
<
F)"̄ ¯è 
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Here, Í , < and 8 are the direction cosines, defined as (, is the distance between the two basis)   

Í = (Ë] − ËM)	 ∙
˘

,

?
	,< = (Ë] − ËM)	 ∙

˙

,

?
, 8 = (Ë] − ËM)	 ∙

˚

,

?
 

The previous terms account for all type of bonds starting from the 0 bond which is the strongest. 

Then the 2 bond for orbitals in which the bond axis belongs to a shared nodal plane. Finally, there is 

the 3 bond, where the bond axis belongs to shared nodal planes as shown in Fig. 2.7 [47].  

 

 

Figure 2.7: The two-centre Slater-Koster integrals for atomic orbital s, p, and d 

demonstrating the type of bonds that can be formed such as ¸,˝ and ˛ [47].   

A simple and common method to find the value of the Slater-Koster integral is to use empirical 

fitting of the eigenvalues provided by DFT. This can be done using the following algorithm: 

1. Create an initial guess for all integrals "
x®,xÏ®Ï

MÈ,MÏÈÏ , the atomic energy levels Ò
xÏÈÏ
{ , and crystal-

field matrix ΔÒ
x®,xÏ®Ï
È . 

2. Solve the eigenvalue problem using the H
x®,xÏ®Ï

È,ÈÏ . 

3. Compare TB eigenvalue E@ˇ„with DFT ones E@!"ˇ . If the mean square error (MSE) is below 

the desire criteria, then finish. Otherwise, update "
x®,xÏ®Ï

MÈ,MÏÈÏ , Ò
xÏÈÏ
{ , and ΔÒ

x®,xÏ®Ï
È  

 

6.24 Eva Pavarini
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"

#
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Fig. 7: Independent Slater-Koster two-center integrals for s, p and d atomic orbitals (Appendix

B). The label σ indicates that the bonding state is symmetrical with respect to rotations about

the bond axis; the label π that the bond axis lies in a nodal plane; the label δ that the bond axis

lies in two nodal planes.

The hopping integrals (24) contain two-center and three-center terms; if the basis is localized,

we can neglect the three-center contributions and assume that tiα,i
′α′

lm,l′m′ ∼ −V iα,i′α′

lm,l′m′ , where

V iα,i′α′

lm,l′m′ =

!

dr ψlm(r −Rα − Ti)v(r −Rα − Ti)ψl′m′(r −Rα′ − Ti′)

is a two-center integral. A general Slater-Koster two-center integral can be expressed as a

function of few independent two-center integrals, shown in Fig. 7 for s, p, and d-functions. A

part from the σ bond, which is the strongest, other bonds are possible; the π bonds are made

of orbitals which share a nodal plane to which the bond axis belongs, and the δ bond, which

has two nodal planes which contain the bond axis and the two ions; furthermore, if the ions on

the two sites are different, the bond is polar. Fig. 8 shows how to obtain a generic two-center

integral involving p and s orbitals.

Let us now consider as an example the eg and t2g bands of KCuF3; we assume for simplicity

that the system is an ideal cubic perovskite (point group Oh), as in Fig. (4). Let us use as

a basis only Cu d and F p atomic orbitals, and as matrix elements only on-site terms and pd

hopping integrals. We label the p-orbitals on different F sites as µν , where ν = a, b, c identifies
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2.2.2 Maximally Localized Wannier Functions (MLWFs) Tight-Binding 

    To understand the maximally localized Wannier functions (MLWFs), it is better to start by 

discussing the transformation of Bloch functions to Wannier functions (WF). As was shown in eqn. 

(2.33), the wavefunction Ψé≤  shows periodicity similar to the lattice it represents. Due to the fact that 

each Bloch functions, at a specific k-point, have its envelop function (*M≤∙`), it is possible to construct 

a localized “wave packet” Bloch function by superposing Bloch functions with different k-points. For 

simplicity, a single isolate band picture can be used here as shown in Fig. 2.8 [49].  

 

Figure 2.8: A single band toy model of the transformation from Bloch functions to Wannier 

functions (WF). The Bloch wavefunction ¡¬#
	, ¡¬$

	, %&«	¡¬'
represent a real-space form of the 

Bloch function at different k-points. Each is associated with the WF transformation of it [49].  

 

    Generally, to obtain a well-localized wave packet, a very broad superposition of k space is needed, 

which is challenging since k space is part of the periodic BZ. Hence, it would be simpler to select k-

points with equal amplitudes throughout the BZ. The result is a localized WF in the home unit cell as 

shown in Fig. 2.8 

({(%) =
)

(Fú)ù
∫,'Ψé≤(%)                                                             (2.52) 

case in which one wants to construct a set of WFs that spans a
subspace containing, e.g., the partially occupied bands of
a metal.

These developments touched off a transformational shift in
which the computational electronic-structure community
started constructing maximally localized WFs (MLWFs) ex-
plicitly and using these for different purposes. The reasons
are manifold: WFs, akin to LMOs in molecules, provide an
insightful chemical analysis of the nature of bonding, and its
evolution during, say, a chemical reaction. As such, they
have become an established tool in the postprocessing of
electronic-structure calculations. More interestingly, there
are formal connections between the centers of charge of the
WFs and the Berry phases of the Bloch functions as they are
carried around the Brillouin zone. This connection is
embodied in the microscopic modern theory of polarization,
alluded to above, and has led to important advances in the
characterization and understanding of dielectric response and
polarization in materials. Of broader interest to the entire
condensed-matter community is the use of WFs in the con-
struction of model Hamiltonians for, e.g., correlated-electron
and magnetic systems. An alternative use of WFs as local-
ized, transferable building blocks has taken place in the
theory of ballistic (Landauer) transport, where Green’s func-
tions and self-energies can be constructed effectively in a
Wannier basis, or that of first-principles tight-binding (TB)
Hamiltonians, where chemically accurate Hamiltonians are
constructed directly on the Wannier basis, rather than fitted
or inferred from macroscopic considerations. Finally, the
ideas that were developed for electronic WFs have also
seen application in very different contexts. For example,
MLWFs have been used in the theoretical analysis of pho-
nons, photonic crystals, cold-atom lattices, and the local
dielectric responses of insulators.

Here we review these developments. We first introduce the
transformation from Bloch functions to WFs in Sec. II, dis-
cussing their gauge freedom and the methods developed for
constructing WFs through projection or maximal localiza-
tion. A ‘‘disentangling procedure’’ for constructing WFs for a
nonisolated set of bands (e.g., in metals) is also described. In
Sec. III we discuss variants of these procedures in which
different localization criteria or different algorithms are used,
and discuss the relationship to ‘‘downfolding’’ and linear-
scaling methods. Section IV describes how the calculation of
WFs has proved to be a useful tool for analyzing the nature of
the chemical bonding in crystalline, amorphous, and defec-
tive systems. Of particular importance is the ability to use
WFs as a local probe of electric polarization, as described in
Sec. V. There we also discuss how the Wannier representation
has been useful in describing orbital magnetization, NMR
chemical shifts, orbital magnetoelectric responses, and
topological insulators (TIs). Section VI describes Wannier
interpolation schemes, by which quantities computed on a
relatively coarse k-space mesh can be used to interpolate
faithfully onto an arbitrarily fine k-space mesh at relatively
low cost. In Sec. VII we discuss applications in which the
WFs are used as an efficient basis for the calculations of
quantum-transport properties, the derivation of semiempirical
potentials, and for describing strongly correlated systems.
Section VIII contains a brief discussion of the construction

and use of WFs in contexts other than electronic-structure
theory, including for phonons in ordinary crystals, photonic
crystals, and cold atoms in optical lattices. Finally, Sec. IX
provides a short summary and conclusions.

II. REVIEW OF BASIC THEORY

A. Bloch functions and Wannier functions

Electronic-structure calculations are often carried out
using periodic boundary conditions. This is the most natural
choice for the study of perfect crystals, and also applies to the
common use of periodic supercells for the study of non-
periodic systems such as liquids, interfaces, and defects.
The one-particle effective Hamiltonian H then commutes
with the lattice-translation operator TR, allowing one to
choose as common eigenstates the Bloch orbitals jc nki:

½H; TR" ¼ 0 ) c nkðrÞ ¼ unkðrÞeik!r; (1)

where unkðrÞ has the periodicity of the Hamiltonian.
Several Bloch functions are sketched on the left-hand side

of Fig. 1 for a toy model in which the band of interest is
composed of p-like orbitals centered on each atom. We
suppose that this band is an isolated band, i.e., it remains
separated by a gap from the bands below and above at all k.
Since Bloch functions at different k have different envelope
functions eik&r, one can expect to be able to build a localized
‘‘wave packet’’ by superposing Bloch functions of different
k. To get a localized wave packet in real space, we need to
use a very broad superposition in k space. But k lives in the
periodic Brillouin zone, so the best we can do is to choose

w0(x)

Wannier functions

w1(x)

w2(x)

ψk0
(x)

Bloch functions

ψk1
(x)

ψk2
(x)

FIG. 1 (color online). Transformation from Bloch functions to
Wannier functions (WFs). Left: Real-space representation of three
of the Bloch functions eikxukðxÞ associated with a single band in 1D,
for three different values of the wave vector k. Filled circles indicate
lattice vectors, and thin lines indicate the eikx envelopes of each
Bloch function. Right: WFs associated with the same band, forming
periodic images of one another. The two sets of Bloch functions at
every k in the Brillouin zone and WFs at every lattice vector span
the same Hilbert space.

Marzari et al.: Maximally localized Wannier functions: Theory . . . 1421

Rev. Mod. Phys., Vol. 84, No. 4, October–December 2012
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Here, " is the volume of the real-space primitive cell. Eqn. (2.52) can be generalized through 

introducing a phase factor *⁄M≤∙`. This allows the translation of WF in real-space (as shown in Fig. 

2.8 as (E and (F) [49]. Hence, the new form will be  

|Ëé⟩ =
)

(Fú)ù
∫ ,'	*

⁄M≤∙`
|Ψé≤⟩.                                                             (2.53) 

    It is evident that eqn. (2.53) has the form of a Fourier transform. More importantly, its inverse is in 

the form of 

|Ψé≤⟩ = ∑ *
M≤∙`

|Ëé⟩` .                                                             (2.54) 

Therefore, any Bloch function can be constructed using a linear superposition of multiple WF as long 

as the suitable phases *M≤∙` are used. Despite the fact that WFs are not the Hamiltonian eigenstates, it 

still provides a valid description of the band subspace similar to the one done by the Bloch functions 

due to the coupling of eqns. (2.53) and (2.54) via a unitary transformation [50]. The band projection + 

is a clear example of this likeness between Bloch functions and WFs representation  

+ =
)

(Fú)ù
∫ ,'|Ψé≤⟩⟨Ψé≤| = ∑ |Ëé⟩⟨Ëé|` .                                               (2.55) 

    The complexity of WF arises from the concept of gauge freedom that is inherent in the definition of 

wavefunction Ψé≤ . Gauge freedom necessitates that we can replace 

|Ψ-é≤z = *
M.(≤)

|Ψé≤⟩                                                             (2.56) 

with 

|+àé≤⟩ = *
M.(≤)

|+é≤⟩                                                             (2.57) 

without any change to the physical description of the system. Here, /(') is any periodic function 

over the BZ. To achieve a localize WFs, the Bloch functions in eqn. (2.53) have to be smooth, that is, 

∇0|+é≤⟩ has to be well defined at all k (smooth gauge) points. This brings one of the features of WFs, 

which is its nonuniqueness where different smooth gauge in eqn. (2.53) will give different WFs [50].  

    Up until now, the discussion was on the simplified single isolated band picture. In the case of the 1 

number of bands, providing that they do not interact with other bands in higher or lower energy, a 

general gauge transformation of the following form can be used 

|Ψ-é≤z = ∑ 2®é
(≤)
|Ψ®≤⟩

3
®SE

                                                             (2.58) 



 

 28 

Here, 2®é
(≤) is a unitary matrix with a dimension of 1. Using eqn. (2.58), a general formulation of the 

band project in eqn. (2.55) can be derived 

+≤ = ∑ |Ψé≤⟩⟨Ψé≤|
3
éSE

= ∑ |Ψ-é≤zyΨ-é≤|
3
éSE

                                               (2.59) 

where the trace over the band is invariant. Eqn. (2.58) also provides a general guideline to obtain a 

well-localized WFs from a Bloch function. One can start with a |Ψ®≤⟩ that is not fully smooth in the 

k space and utilizes a rotational 2®é
(≤) to restore the smoothness needed [50]. Therefore, well-localized 

WFs must have the form 

|Ëé⟩ =
)

(Fú)ù
∫ ,'*

⁄M≤∙` ∑ 2®é
(≤)
|Ψ®≤⟩

3
®SE

.                                               (2.60) 

It is noteworthy to remember that Bloch function is normalized within a unit cell that. Nonetheless, 

the results of ⟨Ψé≤|Ψ®≤Ï
⟩ is not unity, but it diverges according to 

⟨Ψé≤|Ψ®≤Ï
⟩ =

(Fú)ù

)
3®é3

ô(' − '
4).                                              (2.61) 

On the other hand, the WFs is properly normalized as follows 

⟨Ëé|Ë®
4 ⟩ = 3®é3``Ï                                                          (2.62) 

Similar to the case in DFT, it is more convenient to work with a discretized number of k-points 

instead of the continuous k space. Thus, the Fourier transform pairs in eqns. (2.53) and (2.54) can be 

rewritten in the form of 

|Ψé≤⟩ =
E

√R
∑ *

M≤∙`
|Ëé⟩` 													⟺ 											 |Ëé⟩ =

E

√R
∑ *

⁄M≤∙`
|Ψé≤⟩≤                 (2.63) 

where Ñ is the number of unit cells in the periodic supercell [50].  

The building of the smooth gauge can be simply achieved using projection. One can start with 1 

conventional cubic harmonic atom centered (or bonds centered) trail orbitals 6é(%) [50], [51]. These 

trail orbitals 6é(%) are projected on the Bloch functions to obtain 

|™é≤⟩ = ∑ |Ψé≤⟩⟨Ψ®≤|6é⟩
3
®SE

.                                                  (2.64) 

The projection in eqn. (2.64) meets the requirement of smoothness needed for the localization. 

Nonetheless, such projection can be accomplished, in practice, by calculating the matrix (7≤)®é, 

which is the inner product matrix, and use it to calculate the overlap matrix (∞≤)®é  as follows [50], 

[51] 
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(7≤)®é = ⟨Ψ®≤|6é⟩                                                   (2.65) 

(∞≤)®é = A7
≤

87≤K®é.                                                  (2.66) 

In fact, The Löwdin-orthonormalized Bloch-like states |Ψ-é≤z can be built using (∞≤)®é  and the non-

orthonormal states |™é≤⟩ 

|™é≤⟩ = ∑ |Ψé≤⟩(7≤)®é
3
®SE

                                                  (2.67) 

|Ψ-é≤z = ∑ |™é≤⟩(∞≤)®é
3
®SE

                                                  (2.68) 

where |Ψ-é≤z and |Ψé≤⟩ are connected by a unitary transformation [50]–[52].  

    Thus far, the focus was on generating a smooth Bloch-like function that can be used in eqns. (2.60) 

or (2.63). Now, the attention will be focused toward enforcing the localization. The maximal 

localization is achieved through distinct localization criterion, from which the unitary matrix 2®é
(≤) can 

be refined [50]–[52]. The localization function has the form of 

Ω = ∑ [⟨({é|%
F|({é⟩ 	−	⟨({é|%|({é⟩

F
]é = 	∑ [	〈%

F〉é −	 %̅é
F
]é                          (2.69) 

where Ω is the sum of the quadratic spreads of the chosen 1 WFs around their centers. Eqn. (2.69) can 

be rewritten as  

Ω = Ω: + Ω-                                                                       (2.70) 

Ω: = ∑ [⟨({é|%
F|({é⟩ 	−	∑ ⟨(`®|%|({é⟩

F
`® ]é                                        (2.71) 

Ω- = ∑ ∑ ⟨(`®|%|({é⟩
F

`®Ù{éé                                                     (2.72) 

where both of Ω:  and Ω-  are positive. More importantly, Ω:  is gauge invariant which makes it 

insensitive to the changes in the unitary matrix 2®é
(≤). Hence, the minimization of the spread (and by 

extension the improvement of localization) for the 1 WFs depends only on the minimization of Ω- 

[50]–[52].  

    In reciprocal space, the position operators can be expressed as   

⟨(`®|%|({é⟩ = ”
)

(Fú)ù
∫,'	*

M≤∙`⟨+`®|∇≤|+{é⟩                                         (2.73) 

⟨(`®|%
F|({é⟩ = −

)

(Fú)ù
∫ ,'	*

M≤∙`
y+`®o∇≤

F
o+{éz.                                         (2.74) 
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Using a discretized BZ via a uniform Monkhorst-Pack mesh, the gradient ∇≤ and Laplacian ∇≤F can be 

approximated as  

∇≤= 	∑ –¢“[;(' + “) − ;(')]¢                                          (2.75) 

|∇≤;(')|
F
= 	∑ –¢[;(' + “) − ;(')]

F
¢                                          (2.76) 

assuming that ;(') is a smooth function. Here, {“} are the vectors connecting the k-points with their 

neighbors, while –¢ is a weighted average [50], [52]. The only needed information that is left is the 

overlap matrix of the Bloch functions  

>®é

(≤,¢)
= y+®≤o+é,≤∑¢z.                                                             (2.77) 

Using eqns. (2.73) - (2.77) in eqns. (2.71) and (2.72), the new form of the gauge invariant and variant 

spreads is  

 Ω: =
E

R?@
∑ –¢ ∑ [1 − ∑ Ó>®é

(≤,¢)
Ó
F3

éSE
]

3
®SE≤,¢                                        (2.78) 

Ω- =
E

R?@
∑ –¢[∑ A−B< ln>éé

(≤,¢)
− “ ∙ %̅éD

F

+ ∑ Ó>®é

(≤,¢)
Ó
F3

®Ùé

3
éSE

]≤,¢                   (2.79) 

where Ñ≤◊ is the number of Monkhorst-Pack k-pints and %̅é is the center of the Wannier function at 

the nth position and can be calculated using  

%̅é =
E

R?@
∑ –¢	“	B< ln>éé

(≤,¢)

≤,¢ .                                              (2.80) 

    It is noteworthy that Ω- itself can be split into a sum of band-diagonal Ω! and band-off-diagonal 

ΩE! terms  

Ω- = Ω! +ΩE!                                                                       (2.81) 

Ω! =
E

R?@
∑ –¢ ∑ A−B< ln>éé

(≤,¢)
− “ ∙ %̅éD

F
3
éSE≤,¢                                        (2.82) 

ΩE! =
E

R?@
∑ –¢ ∑ ∑ Ó>®é

(≤,¢)
Ó
F3

®Ùé

3
éSE≤,¢ .                                                    (2.83) 

The gradient of the spread, therefore, can be calculated with respect to the infinitesimal unitary 

rotation of the Ψé≤  as a function of >®é

(≤,¢), and minimization can be achieve using steepest-decent of 

conjugate-gradient methods.  
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    In reality, having a perfect isolated set of bands is rare; hence, in the case of entangled bands, one 

needs to define an energy window in which there are ÑFMé
(≤)

≥ Ñ states within this window for each k-

point. Consequently, Ñ Bloch states, in the subspace G('), that are orthonormal can be obtained 

using unitary transformation 2¯Mÿ(≤) among the ÑFMé
(≤)  states as follows [52] 

|+é≤⟩ = ∑ 2®é
¯Mÿ(≤)

|+®≤⟩®∈RIZJ
(?) .                                                  (2.84) 

Within the subspace G('), Ω: can be minimized with respect to 2¯Mÿ(≤) using  

Ω: =
E

R?@
∑ –¢f%[+g≤Kg≤∑¢]≤,¢                                               (2.85) 

where 

+g≤ = ∑ |+é≤⟩⟨+é≤|
R
éSE                                                          (2.86) 

Kg≤ = 1 − +g≤.                                                                        (2.87) 

    After finding the unitary transformation 2®é
(≤)  that minimize the WFs spreading, the MLWF 

Hamiltonian HL(') can be constructed using the Bloch Hamiltonian >(')  

H
L(') = 2(≤)82¯Mÿ(≤)8>(')2¯Mÿ(≤)2(≤).                               (2.88) 

Then, the Fourier sum of HL(') is  

>é®(Ë) =
E

RM
∑ *

⁄M≤∙`
H
L(')≤                                                   (2.89) 

where Ñ{ number of the lattice vector Ë. >é®(Ë) is similar to Slater-Koster Hamiltonian in the fact 

that the element of the Hamiltonian decays rapidly with Ë.  >é®(Ë) is the TB Hamiltonian needed 

for NEGF [49], [52]. 
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2.2.3 TB parametrization for Platinum Diselenide (PtSe2)  

    To preform device simulations, input material parameters are required. The tight-binding (TB) 

parameters for PtSe2 have not been reported yet, and therefore, I have created TB parameters. For 

this, maximum localized Wannier function (MWLF) approach has been employed using Wannier90 

[53]. Wannierization was done using 11 initial projections reflecting five d-orbitals of Pt atom and 

three p-orbitals of Se atom. As shown in Figs. 2.9 (a) and (b), the first nearest neighbor (1st NN) and 

the second nearest neighbor (2nd NN) TB parameters exhibits poor fitting to the DFT band structure; 

hence, the third nearest neighbor (3rd NN) TB parameters have been used since it can provide a high 

level of accuracy, and at the same time, it is computationally manageable. The parameters exhibit 

excellent matching to the DFT results as shown in Fig. 2.9(c). The supercell chosen for the quantum 

transport calculation contain 4 of the unit cell. Thus, the number of basis in the supercell Hamiltonian 

is 44 bases. The tight-binding Hamiltonian for the PtSe2 supercell is in the form of 

>A'Ç, '°K = £ + N*M(≤O∙¯Ç) + P*MA≤Q∙¯°K + 3E*
MA≤O∙¯Ç∑≤Q∙¯°K + 3F*

MA≤O∙¯Ç⁄≤Q∙¯°K

+ AN*M(≤O∙¯Ç) + P*MA≤Q∙¯°K + 3E*
MA≤O∙¯Ç∑≤Q∙¯°K + 3F*

MA≤O∙¯Ç⁄≤Q∙¯°KD
8
 

where ,˘ = 	6.49088 × 10⁄E{  m and ,˙ = 	7.49504 × 10⁄E{  m. Due to the large size of the 

matrices	£,N, P, 3E,and	3F, the TB parameters for these sub-matrices are provided in Appendix A. 
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Figure 2.9: PtSe2 band structures based on the density functional theory (DFT) (blue solid 

lines) and tight-binding (TB) using (a) 1st NN, (b) 2nd NN, and 3rd NN approximations (red dots).  
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3rd NN
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2.2.4 TB parametrization for Hafnium Diselenide (HfSe2)  

    To obtain the tight-binding parameters of HfSe2, maximally-localized Wannier function (MLWF) 

approach is employed using Wannier90 [49]. The Wannierization is done using 11 initial projections. 

Those 11 projections are based on five d-orbitals of Hf atom and three p-orbitals of Se atom. To 

achieve a better fit, the conduction bands are disentangled. Similar to the case of PtSe2, as shown in 

Figs. 2.10 (a) and (b), the 1st NN and the 2nd NN approximations provides poor description of the 

DFT band structure. Therefore, the 3rd NN approximation is used. As shown in Fig. 2.10(c), our TB 

bands are in great agreement with the DFT results. A rectangular supercell contain 4 unit cells was 

also chosen for the quantum transport calculation. The tight-binding Hamiltonian for the HfSe2 

supercell is in the form of 

>A'Ç, '°K = £ + N*M(≤O∙¯Ç) + P*MA≤Q∙¯°K + 3E*
MA≤O∙¯Ç∑≤Q∙¯°K + 3F*

MA≤O∙¯Ç⁄≤Q∙¯°K

+ AN*M(≤O∙¯Ç) + P*MA≤Q∙¯°K + 3E*
MA≤O∙¯Ç∑≤Q∙¯°K + 3F*

MA≤O∙¯Ç⁄≤Q∙¯°KD
8
 

where ,˘ = 	6.57872 × 10⁄E{  m and ,˙ = 	7.59644 × 10⁄E{	m. The TB parameters for the 

supercell are provided in Appendix B. 
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Figure 2.10: HfSe2 band structures based on the density functional theory (DFT) (blue solid 

lines) and tight-binding (TB) using (a) 1st NN, (b) 2nd NN, and 3rd NN approximations (red dots). 
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2.3 Non-Equilibrium Green’s Function  

    The non-equilibrium Green’s function (NEGF) method, despite being complicated, has been the 

most powerful method to calculate charge transport in nanoelectronic devices. This is due to the fact 

it can capture underlying physics such as quantum tunneling as well as interference and scattering 

effects [54], [55].  In the context of electronic devices, the desired information to be obtained are 

mainly charge density and current. To accomplish that, first one needs to calculate Green’s function 

∏(L) which has the form of 

∏(L) = [(L + ”0
∑
)B −> − 2 − :ÿ − :¯]

⁄E
	.                                             (2.90) 

Here, L is the energy level at which ∏(L) is calculated, ”0∑  is an infinitesimally small positive 

imaginary number, B is the identity matrix, > is the Hamiltonian matrix (which was discussed in 

detail in section 2.2), 2 is the potential profile through the device, and :ÿ and :¯ are the self-energy 

terms for the source and drain, respectively. The reason to why :ÿ and :¯ are needed is a result of the 

significant size difference between the channel and the electrodes. Hence, it is more efficient 

computationally to replace the large Hamiltonian of the reservoir (electrodes) >`  with a self-energy 

term : as shown in Fig 2.11 [54]–[56]. For convenience,  :ÿ and :¯ will be addressed as :ïhw¯ 

henceforth. :ïhw¯ is calculated using  

:ïhw¯(L) = X6ÿX
8
	                                                                     (2.91) 

 

 

Figure 2.11: A schematic demonstrating the benefit of replacing the large Hamiltonian of the 

reservoir HR with a self-energy term Y [56]. 
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Fig. 6. The interaction of a device with a reservoir can be represented by a self-energy matrix
P
.

device Hamiltonian, even though the contacts themselves are much larger entities. This is one of the seminal
concepts of many-body physics that we will now discuss.

3.3. Self-energy

The concept of self-energy is used in many-body physics to describe electron–electron and electron–
phonon interactions. In the present context, however, we are using this concept to describe something much
simpler, namely, the effect of a semi-infinit contact. But the principle is the same. In general, we have a
‘device’ connected to a large reservoir and the overall Hamiltonian matrix has the form (see Fig. 6)


H ⌧

⌧+ HR

�

where the dimension of HR is huge compared to that of H . The overall Green function has the form


G GDR
GRD GR

�
=


(E + i0+)I � H �⌧

�⌧+ (E + i0+)I � HR

��1
.

We are only interested in G (and not in GR or GDR or GRD), because we only care about the details inside
the device and not inside the reservoir. It is straightforward to show that (see p. 146, Ref. [6])

G =
"

(E + i0+)I � H � 6

#�1
⇡

"

E I � H � 6

#�1
(3.13)

where
6 = ⌧gR⌧+ and gR = [(E + i0+)I � HR]�1. (3.14)

This shows that the effect of the coupling to the reservoir can be accounted for by adding a self-energy
matrix 6 to the Hamiltonian H (Fig. 6). This is a very general concept that allows us to eliminate the huge
reservoir and work solely within the device subspace whose dimensions are much smaller. Note that 6 is not
necessarily an infinitesima quantity (unlike 0+); it can be finit with a value define by the coupling to the
reservoir. We will discuss the physical meaning of 6 further at the end of this section.
We could use eqn (3.14) in general to calculate the self-energy for arbitrary reservoirs and coupling matri-

ces ⌧ . It may seem that we have not gained much since we need to invert a huge matrix to obtain gR which
we need to evaluate the self-energy from eqn (3.14)

6(m, n) =
X

µ,⌫

⌧ (m, µ)gR(µ, ⌫)⌧+(⌫, n).

The indices m, n refer to points within the device while µ, ⌫ refer to points inside the reservoir. However,
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where X is the coupling matrix between the channel and the contacts, and 6ÿ is the surface green 

function.  

    Due to the fact that the focus of this thesis is on ohmic contact based devices, no discussion will be 

provided for the Schottky type contact. In the case of the ohmic contact, we can assume a semi-

infinite contact, in which the contact material is the same as the channel, but with heavy doping. 

There are multiple methods to approximate 6ÿ for a semi-infinite contact; however, the most popular 

methods are the recursive surface Green’s function (SGF) [57], [58] and the Sancho-Rubio methods 

[59], [60]. 

    The Recursive SGF depends on solving 6ÿ in a recursive manner, in which one starts with an initial 

guess (6ÿ = >{{
⁄E), and use this  6ÿ as 6ÿäx¯ in the following equation 

6ÿ
éhF

= Z(L + ”0∑)B − >{{ − 2 −>{E6ÿ
äx¯
>
{E

8 [
⁄E

                                (2.92) 

where >{{ is the part of the Hamiltonian that consider the interactions within the cell and >{E is the 

Hamiltonian part for the interaction with the neighboring cell. This iteration will continue until the 

following condition is achieved: 

6ÿ
éhF ≅ 6ÿ

äx¯                                                                           (2.93) 

    In term of the Sancho-Rubio methods, here I will focus one of the method reported in a previous 

work [59], [60], where all the derivation is provided. It works by first defining – = (L + ”0
∑
)B, Ò{ =

Ò{
ÿ
= >{{, 7{ = >{E , and N{ = 7

{

8
= >

{E

8 . Then, the following 4 equations are solved ” number times 

£M = 7M⁄E(– − ÒM⁄E)
⁄E
7M⁄E                                                    (2.94) 

NM = NM⁄E(– − ÒM⁄E)
⁄ENM⁄E                                                    (2.95) 

ÒM
ÿ
= ÒM⁄E

ÿ
+ £M⁄E(– − ÒM⁄E)

⁄ENM⁄E                                               (2.96) 

ÒM = ÒM⁄E + £M⁄E(– − ÒM⁄E)
⁄ENM⁄E + NM⁄E(– − ÒM⁄E)

⁄E
£M⁄E                           (2.97) 

Alternatively, it can be solved iteratively until £M, NM become as small as desirable, in which  

ÒM
ÿ ≅ ÒM⁄E

ÿ .                                                                    (2.98) 

Then, the surface Green’s function 6ÿ can be obtained using 

6ÿ = (– − Ò
ÿ)⁄E	.                                                              (2.99) 
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    Generally, the Sancho-Rubio methods perform better than the recursive SGF due to the fact that N 

number iteration in the recursive SGF accounts for only N successive layers of the device. On the 

other hand, N number of iteration in the Sancho-Rubio methods takes into account 2N layers. 

Therefore, the Sancho-Rubio method is relatively faster as shown in Fig. 2.12 [61].  

 

Figure 2.12: Computational time for Graphene nanoribbons as a function of the width of the 

ribbon demonstrating that the Sancho-Rubio method is more efficient [61].   

    Having calculated the self-energy terms, ](L) can be calculated, which contains the information of 

the rate of charge injection from the leads to the channel 

]ïhw¯(L) = ”Z:ïhw¯(L) − :ïhw¯(L)
8[ = −2B<[:ïhw¯(L)]	                                    (2.100) 

Using ], the in-scattering self-energy :ÈMé and the out-scattering :Èä∫v  of the electrode £ (= S, D) can 

be computed. :ÈMé and :Èä∫v  plays a major role in providing information about the occupancy of the 

contacts, and can be calculated using 

:È
Mé(L) = ]È	(L);È	                                                                     (2.101) 

:È
ä∫v(L) = ]È	(L)(1 − ;È)	                                                                     (2.102) 

where ;È is the Fermi-Dirac factor  

;È =
E

E∑h

^_^`
?_a

	.                                                                     (2.103) 

Here, Lª is the fermi level, 'a  is Boltzmann constant and f is the temperature. 
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2 Theory

The Non-equilibrium Green’s function (NEGF) quantum
transport model [7] within the ballistic regime is used.
The Hamiltonian (H) for Graphene nanoribbons (GNR)
of different edges, Zigzag edge (ZGNR) and Armchair
edge (AGNR) is constructed with in the atomistic nearest-
neighbor pz-orbital tight-binding model. Figure 1, shows the
2D simulation structure in the NEGF formalism. Both the
channel and the contact regions have the same edge geome-
tries and width (W ) in this work. The presence of the B-
field applied perpendicular to the 2D plane of GNR is in-
corporated directly into H through the electronic coupling
between nearest neighbors with the of Peierls substitution.
If A is the vector magnetic potential where (∇ × A = B),
then the electronic coupling tij between sites ri and rj be-
comes, tij = t0exp(ie A · (ri − rj )/!). Here t0 (∼ 2.71 eV)
is the overlap integral between nearest carbon atoms. e is
electron charge and ! is Planck’s constant.

Standard NEGF equations for calculating device Green’s
function and other relevant quantities of interest are solved
according to the formalism prescribed in [8]. As Hall volt-
age, we calculate the quasi-Fermi level difference of the op-
posite edge of the channel from the ratio of electron den-
sity and spectral function. The contact self-energy matrices
[!1,2(E)] are calculated through the surface Green function
(SGF) technique [8] calculated from the following equation,

gs = [(EI − αc) − βcgsβ
+
c ]−1 (1)

where gs = SGF, αc is the unit cell Hamiltonian and βc is
the interlayer coupling matrix in the contacts. Practical de-
vices are typically several micrometers long and the mag-
netic field extends over the whole device. The simulation of
such an explicit device dimension would be computationally
prohibitively expensive. One of the powers of the NEGF for-
malism is its ability to collapse large device regions into a
single self-energy [7, 9]. In the past [10], we have developed
self-energies for 2D-waveguide structures without B-field.
With such a boundary condition one would have to spatially
ramp up the B-field very smoothly toward the center of the
device, still requiring a significant device length. Here we
developed a surface self-energy with constant B-field which
then allows us to simulate the central device width a single
central unit cell. The boundary self-energy captures an infi-
nite number of unit cells.

To compute the SGF we employ two numerical algo-
rithms. The first one is the simplest iterative method where
the iteration starts from a reasonable guess and recursively
updates the value of SGF by going down the layers of
unit cells until the difference in successive SGF values
falls with in a certain tolerance limit calculated from the
relative difference over the trace of gs , typically set to
10−6. n iterations take into account n successive layers.

Fig. 1 Schematic illustration of NEGF quantum transport model,
(a) ZGNR, (b) AGNR. Unit cells are shown with the dashed lines

Fig. 2 Comparison of computation time required to calculate the
self-energy of a contact in two different algorithms for increasing
GNR width. Solid lines: surface Green function calculated with San-
cho-Rubio iterative scheme. Dotted lines: surface Green function cal-
culated with the conventional recursive algorithm

Sancho-Rubio [11] proposed an algorithm where n iter-
ations represent 2n layers. As a result, this method pro-
vides a faster way of computing the SGF. Figure 2 com-
pares the two methods as a function of computation time of
CNR width. With the implemented Sancho-Rubio method
(0.25/0.034) ∼ 7 times larger CNR widths can be consid-
ered over the typical method. As a result, we could simulate
for a large ribbon width (∼ 200 nm) to see quantum hall
plateaus in low B-fields as we show in the following sec-
tion. Typical end-to-end calculations for RH as a function of
B-field with 1000 B-field points and a Graphene width of
100 nm require ∼ 70 hrs on 20 state-of-the-art CPUs in an
Intel EM64T machine [12].

3 Results

The Quantum Hall effect is observed in a 2D sample
at high magnetic (B) fields when Landau levels (LL)
are formed. A LL is created at sufficient B-fields where
the cyclotron orbit can form within the dimension. The
larger the width, the smaller the required B-field to create
the first LL. In Graphene, Landau energies are given by,

En
LL = ±

!
2e!v2

f nB , where vf is the electron velocity in
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    By solving the Green’s function ∏(L), we can calculate the electron ∏é and hole ∏◊ spectral 

functions. They provide the information of charge occupancy in the energy-space at every point in the 

device [62]. Both can be obtained from the Green’s function and the in-scattering/out-scattering self-

energy term as follows 

∏
é
(L) = ∏(L):È

Mé
(L)∏

8
(L)	                                                                     (2.104) 

∏
◊
(L) = ∏(L):È

ä∫v
(L)∏

8
(L)	.                                                                    (2.105) 

The local density of states (LDOS) can be also approximated using ∏(L) 

bcd∞(L) = 7(L) = ”Z∏(L) − ∏(L)8[ = −2B<[∏(L)] = 	∏é(L) + ∏◊(L)                  (2.106) 

    As was mentioned earlier, for electronic devices, the charge densities are of a great importance. 

Hence, the electron 8 and the hole ( densities are calculated by integrating ∏é and ∏◊, respectively, 

over the entire energy-space. This leaves only the charge density as a function of the spatial position 

as shown below  

8(%⃗) = 2∫
¯ê

Fú
∏
é
(L)	                                                                     (2.107) 

((%⃗) = 2∫
¯ê

Fú
∏
◊
(L)	.                                                                     (2.108) 

Finally, the current density can be computed using  

1È =
Fh

ℏ
∫
¯ê

Fú
f%[:È

Mé(L)7(L) − ΓÈ∏
é
(L)]	.                                      (2.109) 

    It should be noted that NEGF described so far is only half of the entire picture. For the device 

simulation, NEGF has to be solved self-consistently with the electrostatic Poisson’s equation, where 

NEGF provides the charges density g  and the electrostatic Poisson’s equation returns the potential 

profile 2 as shown in Fig. 2.13. 



 

 40 

 

Figure 2.13: Schematic of self-consistent loop between NEGF and the electrostatic equation 

[63].  

    The electrostatic Poisson’s equation has the form 

∇ ∙ [ÒY(%⃗)∇2(%⃗)] =
—

hM
[Ññ − ÑU − 8 + (]                                               (2.110) 

where ÒY  is the permittivity of the material, Ò{ is the permittivity of free space, and Ññ and ÑU are 

donor and acceptor doping concentrations, respectively. Commonly, the electrostatic Poisson’s 

equation is solved using finite difference method (FDM), in which the device is discretized using an 

ÑÇ × Ñ˜ grid. This will allow for the creation of a system of linear equation that can be solved using 

simple methods. Nonetheless, a different algorithm, with a high convergence efficiency, can be used 

to solve the electrostatic Poisson’s equation. The mechanism of the new algorithm relays on variable 

change in the charge densities 8 and (. The charges will be expressed in terms of their respective 

quasi-Fermi energy Ãé and Ã◊ as follows  

 Ãé = 2äx¯ + 'af ∙ i]
⁄E
(
éj^kl

Rm
)                                                             (2.111) 

 Ã◊ = 2äx¯ − 'af ∙ i]
⁄E
(
◊j^kl

Rn
)                                                             (2.112) 

where 2äx¯ is the potential of the previous iteration (in eV), i]⁄E is the inverse Fermi-Dirac integral of 

order o (o = −1,−
E

F
, 0,

E

F
, 1 depends on the dimension of the channel material), 8Rêüp and (Rêüp are 

charge densities provided by the NEGF calculation, and Ñò and Ñq are the effective density of states 

for the conduction and valence bands, respectively. Using Ãé and Ã◊, the new charge densities will be 
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8 = Ñòi](
pJ⁄r

≤_Î
)                                                                      (2.113) 

( = Ñqi](
r⁄p@

≤_Î
).                                                                      (2.114) 

    By substituting eqns. (2.113) and (2.114) in eqn. (2.110), it is clear that the problem is no longer a 

linear problem. Instead, on the same ÑÇ ×Ñ˜ grid, we will have a system of non-linear equations. 

The system of non-linear equations can be solved by utilizing the Newton-Raphson method. For that, 

an array Ã with size Ñvävwx × 1 (Ñvävwx = ÑÇ ∙ Ñ˜) needs to be constructed. It will contain all the non-

linear equations. In addition, the Jacobian matrix J with size Ñvävwx × Ñvävwx containing the gradients 

is needed. The problem will have the form of 
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where ” is the iteration number. The previous equation is solved iteratively until  2M∑E ≅ 2M  is 

achieved [64]. 
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Chapter 3 

Platinum Diselenide (PtSe2) 

3.1 Motivation 

Recently, a new family of transition metal dichalcogenides (TMDs), namely PtX2, based on group-

10 transition metal has emerged [18], [19]. Platinum diselenide (PtSe2) has been synthesized using 

direct deposition of Se atoms on a Pt substrate [18], and it was predicted that PtSe2 has the highest 

mobility among PtX2 family [19], [22], [24]. PtX2 family favors 1T crystal structure, unlike 

molybdenum MoX2 and tungsten WX2 in which 2H structure is known to be stable (Figs. 3.1(a) and 

(b)). In addition, bulk PtX2 is metallic in nature which is not the case of MoX2 and WX2 [23].  

In this chapter, I, for the first time, investigated the potential and the ultimate performance limit of 

monolayer PtSe2 field-effect transistors (FETs) using atomistic quantum transport simulations. To do 

this, I calculated the electronic states of PtSe2 using density functional theory (DFT), from which 

tight-binding parameters are extracted for non-equilibrium Green’s function (NEGF) device 

simulation. Transfer characteristics of PtSe2 devices are investigated, and the on and off-state 

characteristics are thoroughly examined by scaling channel length and equivalent oxide thickness 

(EOT). Moreover, the performance of PtSe2 FET is compared with its 2H-MoSe2 counterpart, and the 

superior on-state characteristics of PtSe2 are discussed based on the unique material properties of 1T-

PtX2 family. 
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Figure 3.1: (a) 1T-PtX2 (X = Se, S, Te) and (b) 2H-MoX2 crystalline structure. (Top panel) top 

view; (bottom) side view. M represents Pt or Mo atom. Dashed diamonds illustrate unit cells. 

Density functional theory (DFT) band structures for monolayer (c) PtSe2 and (d) MoSe2 (blue 

solid lines). Third nearest neighbour tight-binding (TB) band structures are also shown in (c) 

and (d) with red dots, exhibiting excellent matching with the DFT bands [65]. 

 

3.2 Simulation Approach 

    As was mentioned in Ch. 2.1.1, DFT simulation based on the GGA approximation with PAW 

pseudopotential was used to obtain the band structure of PtSe2. To preform device simulations, input 

material parameters are required. Unlike MoSe2, tight-binding (TB) parameters for PtSe2 have not 

been reported yet, and therefore, I have created TB parameters as described in Ch. 2.2.3. The TB 

parameters of MoSe2 were adopted from a previous report [66]. For both materials, third nearest 
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neighbor TB parameters have been used since it can provide a high level of accuracy, and at the same 

time, it is computationally manageable. The parameters exhibit excellent matching to the DFT results 

as shown in Figs. 3.1(c) and (d). The TB parameters for the supercell are provided in Appendix A. 

    To assess the carrier transport in FETs based on these two materials, NEGF method within a tight-

binding approximation has been utilized. The transport equation was solved self-consistently with 

Poisson’s equation [55]. Ballistic transport is assumed due to the relatively short channel length 

considered in this study. Periodic boundary condition is used in the transverse direction with 400 ky 

sampling points (ky being the wavenumber in the transverse direction). A rectangular supercell shown 

in Fig. 3.2(a) has been chosen to construct the Hamiltonian matrix (H) for the sake of simplicity. X 

(transport) direction is chosen to be equivalent to Γ→M direction for the unit cell; Y (transverse) 

direction is perpendicular to it. The band structure of the PtSe2 supercell is shown in Fig. 3.2(b). On 

the other hand, for MoSe2, transport direction is defined in K→Γ following previous studies [12]. The 

simulated device structure is shown in Fig. 3.2(c) and parameters for a nominal device are as follows: 

channel length Lch = 15 nm; Al2O3 (dielectric constant κ = 9) gate dielectric thickness tox = 2.5 nm; 

source/drain doping concentration of 1.5x1013 cm-2; power supply voltage VDD = 0.5 V. 
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Figure 3.2: (a) Nine supercells of PtSe2 chosen for NEGF device simulations. Solid black box 

shows one supercell, which includes four unit cells of PtSe2. (b) Band structure of the supercell 

where the transport direction is in Γ→X, which is equivalent to Γ→M direction for the unit cell. 

(Inset) The high symmetry points of the supercell. (c) Simulated device structure. (d) Transfer 

characteristics, (e) transconductance, gm vs. VG, and (f) Ion vs. Ion/Ioff of PtSe2 and MoSe2 FETs 

[65]. 
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3.3 Results 

As shown in Fig. 3.1(c), PtSe2 exhibits conduction band minimum (Ec) between Γ and M points, 

whereas MoSe2 has its minimum at K point (Fig. 3.1(d)). The electron effective mass me* of PtSe2 

(0.21 m0) is smaller than that of MoSe2 (0.56 m0). In contrary to the case of MoSe2, PtSe2 exhibits 

significant anisotropic effective mass for electrons as shown in Fig. 3.3(a). 

Figure 3.2(d) shows the transfer characteristic of PtSe2 FET, which is compared with MoSe2 

counterpart. While both devices show near-identical off-state characteristics with subthreshold swing 

(SS = ∂VG/∂log10(ID); VG and ID are gate voltage and drain current, respectively) of ~64 mV/dec, on-

state characteristics of PtSe2 surpass that of MoSe2, resulting in 30% higher on current (Ion) and 

transconductance (gm = ∂ID/∂VG) as shown in Figs. 3.2(d) and 3.2(e). The overall performance of the 

device can be evaluated by plotting Ion vs. on/off current ratio (Ion/Ioff) as shown in Fig. 3.2(f), where 

PtSe2 shows superior performance than MoSe2. For instance, at a common Ion of 250 µA/µm, Ion/Ioff of 

PtSe2 is 6.7×103, which is ~5 times larger than that of MoSe2 (1.4×103). In addition, for a common 

Ion/Ioff of 104, PtSe2 shows Ion = 236 µA/µm, which is 25% greater than the MoSe2 value. 

The superior on-state characteristics of PtSe2 result mainly from its large density of states (DOS). 

In contrary to the general belief that smaller effective mass leads to lower DOS, PtSe2 with relatively 

small effective mass has larger DOS than MoSe2. This is attributed to the fact that PtSe2 has six 

conduction band valleys within the first BZ, whereas MoSe2 has only two valleys as clearly seen in 

Figs. 3.3(c) and 3.3(d). Therefore, PtSe2 has higher DOS than MoSe2 near the conduction band edge 

(E – Ec < 0.2 eV) as shown in Fig. 3.3(b). Notably, this is the energy range of interest for electron 

transport. Although MoSe2 has higher DOS at the energy range of 0.2 eV < E – Ec < 0.4 eV, it has 

only negligible contribution to the current flow. It should be noted that having six valleys in the 

conduction band may increase the possibility of intervalley scattering, which can result in current 

degradation to some extent. However, the detailed investigation of the effect of scattering is beyond 

the scope of this study. 
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Figure 3.3: (a) Polar plot of effective mass for electrons (me*) for PtSe2 and MoSe2.  PtSe2 

exhibits significant anisotropic effective mass near Ec, unlike MoSe2. 0o represents Γ→M 

direction for PtSe2; K→ Γ for MoSe2. (b) Density of states (DOS) in the conduction band of 

PtSe2 and MoSe2. Notably, PtSe2 exhibits larger DOS than MoSe2 near the bottom of the 

conduction band (E – Ec < 0.2 eV), which is the most relevant energy range for electron 

transport. Surface plot of the conduction band edge in k-space for (c) PtSe2 and (d) MoSe2. The 

first Brillouin zone (BZ) is shown with hexagons (black solid lines) and the irreducible BZ with 

triangles (red dashed lines) [65]. 

  

In general, 2D material devices are known for their high immunity to short-channel effect (SCE). 

However, due to the unique electronic properties of PtSe2, a careful investigation should be given. 

Thus, I explore the effect of channel length scaling on SS and drain-induced barrier lowering (DIBL 

= ∆VTH/∆VD; ∆VTH and ∆VD being the changes in threshold voltage and drain voltage, respectively) by 

varying Lch from 6 to 25 nm with a nominal EOT of 1.1 nm. Figure 3.4(a) shows that SS is close to 

the theoretical limit of 60 mV/dec for Lch ≥ 15 nm. However, with sub-10 nm channel, it exhibits 
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significant degradation, leading to 91 mV/dec in case of Lch = 8 nm, which is similar to that of MoSe2 

device (89 mV/dec). DIBL also shows a similar trend as SS as it can be seen in Fig. 3.4(b). With a 

nominal EOT, DIBL is 160 mV/V for Lch ≥ 15 nm, while it increases to 270 mV/V at Lch = 8 nm, 

which is larger than that of MoSe2 device (200 mV/V) at the same channel length. Nonetheless, both 

SS and DIBL of PtSe2 FET can be improved by using thinner EOT, particularly for short-channel 

devices, as discussed next. 

Finally, I have done an EOT scaling study to further engineer device performance of PtSe2 FETs. 

Besides the nominal EOT (2.5 nm-thick Al2O3), I have adopted one thicker (SiO2; Ö = 3.9) and one 

thinner EOT (HfO2; Ö = 25). Figure 3.4(c) shows that, with an EOT of 0.4 nm, SS can be as low as 61 

mV/dec and gm can be as large as 1.49 mS/µm with Lch = 15 nm. In addition, sub-100 mV/V DIBL 

can be achievable with the reduced EOT (Fig. 3.4(d)), allowing further optimization of novel PtSe2 

device performance. Notably, the scaling of EOT can significantly suppress the SCE as it can be seen 

in Figs. 3.4(a) and (b) (open markers). 

 

Figure 3.4: (a) Subthreshold swing (SS) and (b) drain-induced barrier lowering (DIBL) of 

PtSe2 FETs for Lch = 6–25 nm with EOTs of 1.1 nm (filled markers) and 0.4 nm (open markers). 

(c) SS (blue triangles) and gm (red squares) and (d) DIBL as a function of EOT (with Lch = 15 

nm) for PtSe2 FETs [65]. 
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3.4 Summary 

    Material properties and device characteristics of a new TMD family of PtSe2 have been studied. 

Electronic band structures are plotted using DFT, from which third nearest neighbor TB parameters 

are extracted for NEGF device simulations. DFT results reveal that 1T-PtX2 has the conduction band 

minima between Γ and M points, thereby forming six conduction band valleys within the first BZ, 

unlike 2H-MoX2. Therefore, PtSe2 exhibits significantly larger DOS near the Ec despite relatively 

small effective mass, compared to MoSe2. This allows it to have superior on-state characteristics (Ion 

and gm) as compared with the MoSe2 counterpart. I also performed a scaling study by varying Lch and 

EOT. Despite the fact that short-channel effect has been observed, it can be suppressed significantly 

with a channel longer than 15 nm or an EOT less than 1 nm. Although significant anisotropic 

effective mass is observed within each conduction band valley, it is expected that current level would 

remain almost same for both armchair and zigzag directions, since the total current is determined by 

the overall contribution from the six valleys with rotational symmetry, which is in agreement with 

experiment [23]. 
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Chapter 4 

Hafnium Diselenide (HfSe2) 

4.1 Motivation 

Despite their promising transport properties, many 2D semiconductors, such as molybdenum 

disulfide (MoS2) and black phosphorus (BP) [9], [67], suffer from the lack of natively compatible 

dielectric materials for gate oxide in field-effect transistors (FETs). Considering the fact that the 

existence of SiO2 is one of the reasons why silicon became so popular in electronics, hafnium 

diselenide (HfSe2), a new family of transition metal dichalcogenides (TMDs), can hold a unique 

position for electronics applications among many 2D semiconductors since it can be highly 

compatible with hafnium dioxide (HfO2), a well-known high-κ dielectric material [25]. Recently, 

HfSe2 has been grown using molecular beam epitaxy (MBE) on highly ordered crystals [20], and a 

theoretical study predicted its exceptional electron mobility compared with other TMDs [24]. 

In this chapter, I investigated the performance limit of novel HfSe2 field-effect transistors (FETs) 

based on self-consistent atomistic quantum transport simulation. To accomplish this, first, density 

functional theory (DFT) is utilized to calculate the electronic structure of HfSe2, from which tight-

binding (TB) parameters are obtained. Then, the characteristics of HfSe2 FETs are simulated for both 

n-type (NMOS) and p-type devices (PMOS) using the non-equilibrium Green’s function (NEGF) 

method. A scaling study is conducted by varying equivalent oxide thickness (EOT) and channel 

length (Lch) to investigate the performance limit and short-channel effects. Finally, I calculated the 

intrinsic performance, such as intrinsic delay (X) and power-delay product (PDP), of the HfSe2 FETs, 

and benchmark it against similar devices based on other 2D materials. 

4.2 Simulation Approach 

As explained in Chs. 2.1.2 and 2.2.4, PW based DFT simulation using GGA approximation was 

used in conjunction with MLWF method to obtain the tight-binding parameters of HfSe2. To achieve 

a better fit, the conduction bands are disentangled. The third nearest neighbor approximation is used. 

As shown in Fig. 4.1(b), our TB bands are in great agreement with the DFT results. The TB 

parameters for the supercell are provided in Appendix B. 
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Figure 4.1: (a) Crystal structure of HfSe2 showing the 1T configuration. (Top panel) top view; 

(bottom) side view. The unit cell is shown by a dashed diamond. (b) HfSe2 band structures 

based on the density functional theory (DFT) (blue solid lines) and tight-binding (TB) approach 

(red dots), exhibiting excellent matching between the two. (c) Polar plot of effective masses for 

electrons (Ü≈
∗) in blue and holes in red. HH (red dashed line) and LH (red solid line) indicate 

the heavy holes and light holes, respectively. (d) Density of states (DOS) showing considerable 

difference near the conduction band and the valence band edges.   [68]. 

 

Figure 4.2(a) shows a schematic of our nominal device, which includes 15 nm HfSe2 channel with 

a top-gated structure. The source and drain are doped with a concentration of 2.5×1013 cm−2. For a 

gate dielectric, 5 nm-thick HfO2 (κ = 25) is employed, considering its high compatibility with the 

HfSe2 channel. Power supply voltage VDD = 0.5 V is used. I simulated the transport properties of 

HfSe2 FETs using the NEGF method [55] within a tight-binding approximation. Ballistic transport is 

assumed due to the short channel length considered in this study. Periodic boundary conditions are 
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used in the transvers direction. The transport equation is solved iteratively with the Poisson’s equation 

until the electrostatic potential is converged self-consistently with the charge density [55]. 

 

 

Figure 4.2: (a) A schematic of the HfSe2 FET simulated in this study. (b) Transfer 

characteristics and (c) transconductance (gm) vs. gate voltage. (d) Ion vs. Ion/Ioff plot [68]. 

4.3 Results 

Figure 4.1(b) shows that the conduction band edge of HfSe2 is located at the M point, which 

indicates that HfSe2 has three conduction band valleys (half valley at each M point; six M points in 

total) within the first Brillouin zone. These valleys show a significantly anisotropic electron effective 

mass as shown in Fig. 4.1(c). On the other hand, the valence band exhibits isotropic heavy hole (HH) 

and light hole (LH) effective masses (Fig. 4.1(c)) at the Γ point (Fig. 4.1(b)). The density of states 

(DOS) of HfSe2 is plotted in Fig. 4.1 (d), which shows significantly larger DOS at the conduction 

band edge by ~4 times, as compared to that at the valence band edge. 

(c) (d)
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The transfer characteristics of the nominal HfSe2 NMOS and PMOS are shown in Fig. 4.2(b). 

Interestingly, both NMOS and PMOS exhibit near-identical transfer characteristics, including 

subthreshold swing (SS = ∂VG/∂log10(ID)) and on-current (ION), despite the considerable difference in 

DOS. The reason for such behaviors can be understood by self-consistent charging effects. Due to the 

larger DOS for NMOS, it undergoes a more significant charging effect particularly in the on-state, 

rendering the gate control less efficient. On the other hand, the charging effect of PMOS is relatively 

insignificant, which means higher efficiency in the gate control, making compensation for its lower 

DOS. Consequently, ION (Fig. 4.2(b)) and transconductance (gm = ∂ ID/∂VG, Fig. 4.2(c)) become more 

or less same for both devices. These transfer characteristics can result in several advantages such as 

savings of engineering steps in circuit design to compensate for the asymmetry, or the reduction of 

side effects from having different parasitic capacitances in NMOS and PMOS. To assess the ON and 

OFF states simultaneously, I have further plotted ION vs. ON/OFF current ratio (ION/IOFF) in Fig. 4.2(d), 

which demonstrates the excellent performance of HfSe2 FETs. For example, both devices can have 

800 µA/µm of ON current at ION/IOFF = 104.  

    Next, I performed a scaling study, considering EOT first, and then Lch. Due to the fact that HfSe2 

NMOS and PMOS exhibit similar performance, I have used the NMOS for the scaling test. A range 

of EOT from 0.75 nm to 1.5 nm has been chosen by varying the physical thickness of HfO2 from 5 

nm to 10 nm for a given channel length of 15 nm. Figure 4.3(a) shows that both SS and gm improve 

linearly by scaling down EOT from 1.5 nm to 0.75 nm. At EOT = 0.75 nm, SS becomes 67 mV/dec, 

and gm can be as large as 4.8 mS/µm. The same trend is observed with drain-induced barrier lowering 

(DIBL = DVth/DVD) in Fig. 4.3(b). For the EOT scaling from 1.5 nm to 0.75 nm, DIBL decreases 

significantly from 225 mV/V to 50 mV/V. Next, I have varied Lch from 8 nm to 25 nm, using two 

different EOTs of 0.75 nm and 1 nm, to investigate short-channel effects (SCE). As shown in Figs. 

4.3(c) and 4.3(d), at an EOT of 0.75 nm, devices with Lch ≥ 15 nm exhibit great immunity to SCE 

with SS ≤ 70 mV/dec and DIBL ≤ 50 mV/V. However, they suffer from significant SCE at sub-10 

nm channel length. For instance, at Lch = 8 nm, SS and DIBL become ~100 mV/dec and 200 mV/V, 

respectively. For the case of a larger EOT, it can be seen from Figs. 4.3(c) and 3(d) that SCE becomes 

even more significant for the same channel length scaling. 
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Figure 4.3: (a) Subthreshold swing (SS) (blue tringles; left axis) and gm (red squares; right 

axis) and (b) drain-induced barrier lowering (DIBL) as a function of EOT at Lch = 15 nm. (c) SS 

and (d) DIBL as a function of Lch at EOTs of 0.75 nm (blue solid markers) and 1.0 nm (green 

open markers) [68]. 

Finally, I evaluated intrinsic performance of HfSe2 NMOS and PMOS. Intrinsic delay, which 

specifies an intrinsic limit of switching speed, is calculated by X = (KàR − Kàpp)/BàR, and power-

delay product indicating dynamic power dissipation is obtained by PDP = (KàR − Kàpp)"ññ, where 

QON and QOFF are the charges in the on- and off-state, respectively. Figure 4.4(a) shows τ vs. ION/IOFF at 

VDD = 0.5 V, where it can be seen that the delay of HfSe2 FETs decreases (i.e., the switching speed 

increases) as the devices are operated at higher voltages (i.e., as Ion/Ioff decreases). Unlike most other 

2D material FETs [69], HfSe2 devices show a balanced delay for NMOS and PMOS (Fig. 4.4(a)) 

partly due to the symmetrical transfer characteristics as observed in Fig. 4.2(b). Figure 4.4(b) shows 

PDP vs. Ion/Ioff for HfSe2 FETs. The results show monotonic increases in switching energy for both 

devices as the VDD window shifts to the higher gate voltage region. These results indicate that there 
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understand the overall performance, PDP-delay trade-off curves are plotted in Fig. 4.4(c). Here, I 

found the optimal operational condition by seeking the minimum energy-delay product (EDP = PDP 

×  τ), which is a figure-of-merit considering both performance (speed) and energy dissipation 

simultaneously. The optimal points found for HfSe2 NMOS and PMOS are shown in Fig. 4.4(d) and 

compared with other FETs based on germanane (GeH) [69], black phosphorus (BP) [70], and 

molybdenum disulfide (MoS2) [71]. The minimum EDP of HfSe2 FETs is 3.16×10-30 J·s/µm, which is 

quite close to the values reported for BP FETs (2.16–3.59×10-30 J·s/µm) [70]. Among the compared 

devices, GeH exhibits the lowest EDP and MoS2 the worst. 

 

Figure 4.4: Intrinsic device performance metrics of HfSe2 FET. (a) Intrinsic delay (τ) and (b) 

power-delay product (PDP) as a function of Ion/Ioff. (c) PDP–τ trade-off curves. (d) Benchmark 

of HfSe2 FETs against the FETs based on other 2D materials [68]. 
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4.4 Summary 

Material and device characteristics of novel HfSe2 have been studied for FET applications using 

atomistic simulations. Although the electronic structure of HfSe2 shows substantial difference 

between the conduction and valence bands, the NMOS and PMOS devices exhibit symmetrical 

transfer characteristics. Both devices show outstanding ON and OFF-state performance such as large 

ION (>1 mA/µm) and high ION/IOFF (>107). HfSe2 FETs are robust at Lch ≥ 15 nm, however they become 

susceptible to short-channel effects at sub-10 nm channel even with a thin EOT. Our assessment on 

the intrinsic performance of HfSe2 devices revealed that they can have similar EDP as BP FETs. 

Overall, our study demonstrates great potential of HfSe2 for FET applications; however, circuit-level 

analyses are suggested for a future work to evaluate HfSe2 FETs for the CMOS technology. 
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Chapter 5 

Conclusions and Future Work 

 

5.1 Conclusions 

Nanoelectronics based on 2D materials have added great potential to the conventional silicon-based 

electronics due to their extraordinary mechanical and electrical properties. In this thesis, two novel 

2D materials of PtSe2 and HfSe2, which belong to the transition metal dichalcogenides (TMDs) 

family, and their application in electronic devices applications have been explored. To assess their 

transfer characteristics, atomistic quantum transport simulation based on the non-equilibrium Green’s 

function (NEGF) method within the tight-binding (TB) approximation was conducted. The study was 

motivated by previous theoretical works, which showed that both PtSe2 and HfSe2 exhibits higher 

carrier mobility than other TMD families. Indeed, other studies concluded that HfSe2 has the highest 

mobility among the known TMDs family.  

Our investigation of PtSe2 FET showed that, despite the relatively small effective mass (me
* is as 

low as 0.21m0), it exhibits excellent on-state performance compared to its molybdenum diselenide 

MoSe2 counterpart due to the fact that PtSe2 has six conduction valleys in the its first Brillouin zone, 

resulting in relatively large density of states (DOS) near the conduction band minimum. In fact, the 

on-state current and the transconductance (gm) of PtSe2 is 30% higher than that of MoSe2. In addition, 

it maintained a near ideal off-state characteristics with a subthreshold swing (SS) of around 64 

mV/dec. Finally, our simulation showed that, for the channels longer than 15nm, PtSe2 device 

exhibits near-ideal SS, and that sub-100 mV/V of drain-induced barrier lowering (DIBL) can be 

achieved using aggressive scaling of the gate oxide. 

In the case of HfSe2, n-type (NMOS) and p-type (PMOS) transistor exhibited near-identical 

transfer characteristics despite the fact that they have very different DOS. Both NMOS and PMOS 

HfSe2 have demonstrated exceptional on-state properties, while maintaining near-ideal SS of around 

67 mV/dec. The scaling study of the equivalent oxide thickness (EOT) and the channel length showed 

that short channel effects (SCE) is insignificant for devices with channel length of 15 nm or larger, or 

for devices with thin EOT. Finally, the intrinsic device performance of NMOS and PMOS revealed 

the promising potential of HfSe2 for logic devices considering both speed and power dissipation 

simultaneously. 
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5.2 Future Work 

As shown in this thesis, PtSe2 and HfSe2 are great candidates for the nanoelectronics devices 

applications. However, more work is suggested to further investigate their capabilities and practical 

limitation. The following could be the topics for future work.  

 

PtSe2: 

•  As was mentioned earlier, PtSe2 experiences one of the strongest interlayer interactions. 

Therefore, the investigation of multilayer and homojunction (monolayer and multilayer 

junctions) PtSe2 will be needed to understand the interlayer interactions and their possible 

applications in electronic devices.   

•  In addition, PtSe2 experiences strong spin-orbit coupling. Hence, a study of the spin-orbit 

coupling effect on the quantum transport process will provide an in-depth understanding of 

this exotic material. 

• Finally, investigation of PtSe2 PMOS will allow for the comprehensive assessment of PtSe2 

devices for CMOS technology. 

 

    

HfSe2: 

•  Having studied the intrinsic device performance, a study of HfSe2 devices for the CMOS 

technology will be needed to assess its practicality for electronic circuits. 

• Due to the fact that Schottky contact is the dominant type of contacts in the 

nanoelectronics, it will be beneficial to investigate the effect of Schottky contact  on the 

device performance of HfSe2 FET.  
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Appendix A 

PtSe2 Tight-Binding Parameters 

The tight-binding Hamiltonian for the PtSe2 supercell is of the form: 

>A'Ç, '°K = £ + N*M(≤O∙¯Ç) + P*MA≤Q∙¯°K + 3E*
MA≤O∙¯Ç∑≤Q∙¯°K + 3F*

MA≤O∙¯Ç⁄≤Q∙¯°K

+ AN*M(≤O∙¯Ç) + P*MA≤Q∙¯°K + 3E*
MA≤O∙¯Ç∑≤Q∙¯°K + 3F*

MA≤O∙¯Ç⁄≤Q∙¯°KD
8
 

where ,˘ = 	6.49088 × 10⁄E{ m and ,˙ = 	7.49504 × 10⁄E{	m. 

The size of > is 44 × 44. Only non-zero elements of the £, N, P, 3E, and 3F matrices are provided 

below: 

 

 

α(1,1) = -3.2141   α(1,3) = -0.0011   α(1,4) = -0.0006   α(1,6) = -0.0158    

α(1,7) = 0.0599   α(1,8) = 0.0339   α(1,9) = -0.0276   α(1,10) = -0.0467    

α(1,11) = -0.0158   α(1,12) = -0.0599   α(1,13) = 0.0339   α(1,14) = -0.0276    

α(1,15) = 0.0467   α(1,16) = -0.0066   α(1,18) = -0.0030   α(1,19) = -0.0066    

α(1,21) = 0.5004   α(1,23) = 0.1951   α(1,24) = -0.0119   α(1,25) = 0.0023    

α(1,26) = 0.0273   α(1,27) = -0.0477   α(1,28) = 0.0322   α(1,29) = 0.0188    

α(1,30) = -0.0119   α(1,31) = -0.0023   α(1,32) = 0.0273   α(1,33) = -0.4999    

α(1,34) = 0.1689   α(1,35) = 0.0981   α(1,36) = 0.0480   α(1,38) = 0.0371    

α(1,39) = 0.0120   α(1,40) = 0.0246   α(1,41) = 0.0112   α(2,2) = -2.6876    

α(2,5) = 0.4958   α(2,6) = 0.0599   α(2,7) = -0.0576   α(2,8) = 0.0377    

α(2,9) = 0.1053   α(2,10) = 0.0294   α(2,11) = -0.0599   α(2,12) = -0.0576    

α(2,13) = -0.0377   α(2,14) = -0.1053   α(2,15) = 0.0294   α(2,17) = 0.0033    

α(2,20) = -0.0034   α(2,22) = 0.4231   α(2,24) = 0.0111   α(2,25) = -0.0067    

α(2,26) = -0.0163   α(2,27) = 0.0102   α(2,28) = -0.0094   α(2,29) = -0.0116    

α(2,30) = -0.0111   α(2,31) = -0.0067   α(2,32) = 0.0163   α(2,33) = 0.3272    

α(2,34) = 0.8861   α(2,35) = 0.7546   α(2,37) = -0.0107   α(2,39) = -0.0041    

α(2,40) = 0.0176   α(2,41) = 0.0332   α(3,1) = -0.0011   α(3,3) = -2.6928    

α(3,4) = 0.4951   α(3,6) = 0.0339   α(3,7) = 0.0377   α(3,8) = -0.1002    



 

 66 

α(3,9) = -0.0914   α(3,10) = 0.1033   α(3,11) = 0.0339   α(3,12) = -0.0377    

α(3,13) = -0.1002   α(3,14) = -0.0914   α(3,15) = -0.1033   α(3,16) = -0.0030    

α(3,18) = 0.0010   α(3,19) = -0.0036   α(3,21) = 0.3737   α(3,23) = -1.3227    

α(3,24) = -0.0112   α(3,25) = 0.0268   α(3,26) = -0.0271   α(3,27) = 0.0063    

α(3,28) = -0.0116   α(3,29) = 0.0035   α(3,30) = -0.0112   α(3,31) = -0.0268    

α(3,32) = -0.0271   α(3,33) = 0.1882   α(3,34) = 0.7557   α(3,35) = 0.0126    

α(3,36) = 0.0126   α(3,38) = 0.0166   α(3,39) = -0.0151   α(3,40) = -0.0099    

α(3,41) = 0.0167   α(4,1) = -0.0006   α(4,3) = 0.4951   α(4,4) = -2.9845    

α(4,6) = -0.0276   α(4,7) = 0.1053   α(4,8) = -0.0914   α(4,9) = -0.0548    

α(4,10) = 0.0079   α(4,11) = -0.0276   α(4,12) = -0.1053   α(4,13) = -0.0914    

α(4,14) = -0.0548   α(4,15) = -0.0079   α(4,16) = -0.0066   α(4,18) = -0.0036    

α(4,19) = -0.0052   α(4,21) = 0.8049   α(4,23) = -0.8045   α(4,24) = -0.0264    

α(4,25) = 0.0189   α(4,26) = 0.0042   α(4,27) = 0.0158   α(4,28) = 0.0291    

α(4,29) = -0.0673   α(4,30) = -0.0264   α(4,31) = -0.0189   α(4,32) = 0.0042    

α(4,33) = 0.4033   α(4,34) = 0.1212   α(4,35) = 0.5890   α(4,36) = 0.0335    

α(4,38) = 0.0184   α(4,39) = -0.0003   α(4,40) = 0.0266   α(4,41) = 0.0370    

α(5,2) = 0.4958   α(5,5) = -2.9845   α(5,6) = -0.0467   α(5,7) = 0.0294    

α(5,8) = 0.1033   α(5,9) = 0.0079   α(5,10) = -0.0442   α(5,11) = 0.0467    

α(5,12) = 0.0294   α(5,13) = -0.1033   α(5,14) = -0.0079   α(5,15) = -0.0442    

α(5,17) = -0.0034   α(5,20) = 0.0125   α(5,22) = -0.5209   α(5,24) = -0.0146    

α(5,25) = -0.0106   α(5,26) = 0.0499   α(5,27) = 0.0285   α(5,28) = -0.0346    

α(5,29) = 0.0291   α(5,30) = 0.0146   α(5,31) = -0.0106   α(5,32) = -0.0499    

α(5,33) = 0.6979   α(5,34) = 0.7308   α(5,35) = 0.1219   α(5,37) = 0.0838    

α(5,39) = -0.0302   α(5,40) = -0.0298   α(5,41) = -0.0038   α(6,1) = -0.0158    

α(6,2) = 0.0599   α(6,3) = 0.0339   α(6,4) = -0.0276   α(6,5) = -0.0467    

α(6,6) = -3.2141   α(6,8) = -0.0011   α(6,9) = -0.0006   α(6,11) = -0.0160    

α(6,13) = -0.0687   α(6,14) = 0.0534   α(6,16) = -0.0158   α(6,17) = -0.0599    

α(6,18) = 0.0339   α(6,19) = -0.0276   α(6,20) = 0.0467   α(6,21) = 0.4999    

α(6,22) = 0.1689   α(6,23) = -0.0981   α(6,24) = 0.5004   α(6,26) = 0.1951    

α(6,27) = -0.0120   α(6,28) = 0.0222   α(6,29) = -0.0156   α(6,30) = -0.0477    

α(6,31) = 0.0322   α(6,32) = 0.0188   α(6,33) = 0.0477   α(6,34) = 0.0322    

α(6,35) = -0.0188   α(6,36) = -0.4999   α(6,37) = 0.1689   α(6,38) = 0.0981    



 

 67 

α(6,39) = 0.0120   α(6,40) = 0.0222   α(6,41) = 0.0156   α(6,42) = 0.0120    

α(6,43) = 0.0246   α(6,44) = 0.0112   α(7,1) = 0.0599   α(7,2) = -0.0576    

α(7,3) = 0.0377   α(7,4) = 0.1053   α(7,5) = 0.0294   α(7,7) = -2.6876    

α(7,10) = 0.4958   α(7,12) = -0.1220   α(7,15) = -0.1535   α(7,16) = -0.0599    

α(7,17) = -0.0576   α(7,18) = -0.0377   α(7,19) = -0.1053   α(7,20) = 0.0294    

α(7,21) = 0.3272   α(7,22) = -0.8861   α(7,23) = 0.7546   α(7,25) = 0.4231    

α(7,27) = -0.0152   α(7,28) = -0.0270   α(7,29) = -0.0151   α(7,30) = 0.0102    

α(7,31) = -0.0094   α(7,32) = -0.0116   α(7,33) = 0.0102   α(7,34) = 0.0094    

α(7,35) = -0.0116   α(7,36) = 0.3272   α(7,37) = 0.8861   α(7,38) = 0.7546    

α(7,39) = -0.0152   α(7,40) = 0.0270   α(7,41) = -0.0151   α(7,42) = -0.0041    

α(7,43) = 0.0176   α(7,44) = 0.0332   α(8,1) = 0.0339   α(8,2) = 0.0377    

α(8,3) = -0.1002   α(8,4) = -0.0914   α(8,5) = 0.1033   α(8,6) = -0.0011    

α(8,8) = -2.6928   α(8,9) = 0.4951   α(8,11) = -0.0687   α(8,13) = -0.0343    

α(8,14) = 0.0885   α(8,16) = 0.0339   α(8,17) = -0.0377   α(8,18) = -0.1002    

α(8,19) = -0.0914   α(8,20) = -0.1033   α(8,21) = -0.1882   α(8,22) = 0.7557    

α(8,23) = -0.0126   α(8,24) = 0.3737   α(8,26) = -1.3227   α(8,27) = -0.0040    

α(8,28) = 0.0274   α(8,29) = -0.0072   α(8,30) = 0.0063   α(8,31) = -0.0116    

α(8,32) = 0.0035   α(8,33) = -0.0063   α(8,34) = -0.0116   α(8,35) = -0.0035    

α(8,36) = 0.1882   α(8,37) = 0.7557   α(8,38) = 0.0126   α(8,39) = 0.0040    

α(8,40) = 0.0274   α(8,41) = 0.0072   α(8,42) = -0.0151   α(8,43) = -0.0099    

α(8,44) = 0.0167   α(9,1) = -0.0276   α(9,2) = 0.1053   α(9,3) = -0.0914    

α(9,4) = -0.0548   α(9,5) = 0.0079   α(9,6) = -0.0006   α(9,8) = 0.4951    

α(9,9) = -2.9845   α(9,11) = 0.0534   α(9,13) = 0.0885   α(9,14) = -0.0394    

α(9,16) = -0.0276   α(9,17) = -0.1053   α(9,18) = -0.0914   α(9,19) = -0.0548    

α(9,20) = -0.0079   α(9,21) = -0.4033   α(9,22) = 0.1212   α(9,23) = -0.5890    

α(9,24) = 0.8049   α(9,26) = -0.8045   α(9,27) = 0.0258   α(9,28) = -0.0381    

α(9,29) = 0.0226   α(9,30) = 0.0158   α(9,31) = 0.0291   α(9,32) = -0.0673    

α(9,33) = -0.0158   α(9,34) = 0.0291   α(9,35) = 0.0673   α(9,36) = 0.4033    

α(9,37) = 0.1212   α(9,38) = 0.5890   α(9,39) = -0.0258   α(9,40) = -0.0381    

α(9,41) = -0.0226   α(9,42) = -0.0003   α(9,43) = 0.0266   α(9,44) = 0.0370    

α(10,1) = -0.0467   α(10,2) = 0.0294   α(10,3) = 0.1033   α(10,4) = 0.0079    

α(10,5) = -0.0442   α(10,7) = 0.4958   α(10,10) = -2.9845   α(10,12) = -0.1535    
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α(10,15) = -0.0607   α(10,16) = 0.0467   α(10,17) = 0.0294   α(10,18) = -0.1033    

α(10,19) = -0.0079   α(10,20) = -0.0442   α(10,21) = 0.6979   α(10,22) = -0.7308    

α(10,23) = 0.1219   α(10,25) = -0.5209   α(10,27) = -0.0155   α(10,28) = -0.0294    

α(10,29) = -0.0079   α(10,30) = 0.0285   α(10,31) = -0.0346   α(10,32) = 0.0291    

α(10,33) = 0.0285   α(10,34) = 0.0346   α(10,35) = 0.0291   α(10,36) = 0.6979    

α(10,37) = 0.7308   α(10,38) = 0.1219   α(10,39) = -0.0155   α(10,40) = 0.0294    

α(10,41) = -0.0079   α(10,42) = -0.0302   α(10,43) = -0.0298   α(10,44) = -0.0038    

α(11,1) = -0.0158   α(11,2) = -0.0599   α(11,3) = 0.0339   α(11,4) = -0.0276    

α(11,5) = 0.0467   α(11,6) = -0.0160   α(11,8) = -0.0687   α(11,9) = 0.0534    

α(11,11) = -3.2141   α(11,13) = -0.0011   α(11,14) = -0.0006   α(11,16) = -0.0158    

α(11,17) = 0.0599   α(11,18) = 0.0339   α(11,19) = -0.0276   α(11,20) = -0.0467    

α(11,21) = 0.4999   α(11,22) = -0.1689   α(11,23) = -0.0981   α(11,24) = -0.0477    

α(11,25) = -0.0322   α(11,26) = 0.0188   α(11,27) = 0.4999   α(11,28) = 0.1689    

α(11,29) = -0.0981   α(11,30) = 0.5004   α(11,32) = 0.1951   α(11,33) = -0.5004    

α(11,35) = -0.1951   α(11,36) = -0.4999   α(11,37) = -0.1689   α(11,38) = 0.0981    

α(11,39) = -0.4999   α(11,40) = 0.1689   α(11,41) = 0.0981   α(11,42) = 0.0480    

α(11,44) = 0.0371   α(12,1) = -0.0599   α(12,2) = -0.0576   α(12,3) = -0.0377    

α(12,4) = -0.1053   α(12,5) = 0.0294   α(12,7) = -0.1220   α(12,10) = -0.1535    

α(12,12) = -2.6876   α(12,15) = 0.4958   α(12,16) = 0.0599   α(12,17) = -0.0576    

α(12,18) = 0.0377   α(12,19) = 0.1053   α(12,20) = 0.0294   α(12,21) = -0.3272    

α(12,22) = -0.8861   α(12,23) = -0.7546   α(12,24) = -0.0102   α(12,25) = -0.0094    

α(12,26) = 0.0116   α(12,27) = 0.3272   α(12,28) = -0.8861   α(12,29) = 0.7546    

α(12,31) = 0.4231   α(12,34) = -0.4231   α(12,36) = -0.3272   α(12,37) = 0.8861    

α(12,38) = -0.7546   α(12,39) = 0.3272   α(12,40) = 0.8861   α(12,41) = 0.7546    

α(12,43) = -0.0107   α(13,1) = 0.0339   α(13,2) = -0.0377   α(13,3) = -0.1002    

α(13,4) = -0.0914   α(13,5) = -0.1033   α(13,6) = -0.0687   α(13,8) = -0.0343    

α(13,9) = 0.0885   α(13,11) = -0.0011   α(13,13) = -2.6928   α(13,14) = 0.4951    

α(13,16) = 0.0339   α(13,17) = 0.0377   α(13,18) = -0.1002   α(13,19) = -0.0914    

α(13,20) = 0.1033   α(13,21) = -0.1882   α(13,22) = -0.7557   α(13,23) = -0.0126    

α(13,24) = 0.0063   α(13,25) = 0.0116   α(13,26) = 0.0035   α(13,27) = -0.1882    

α(13,28) = 0.7557   α(13,29) = -0.0126   α(13,30) = 0.3737   α(13,32) = -1.3227    

α(13,33) = -0.3737   α(13,35) = 1.3227   α(13,36) = 0.1882   α(13,37) = -0.7557    
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α(13,38) = 0.0126   α(13,39) = 0.1882   α(13,40) = 0.7557   α(13,41) = 0.0126    

α(13,42) = 0.0126   α(13,44) = 0.0166   α(14,1) = -0.0276   α(14,2) = -0.1053    

α(14,3) = -0.0914   α(14,4) = -0.0548   α(14,5) = -0.0079   α(14,6) = 0.0534    

α(14,8) = 0.0885   α(14,9) = -0.0394   α(14,11) = -0.0006   α(14,13) = 0.4951    

α(14,14) = -2.9845   α(14,16) = -0.0276   α(14,17) = 0.1053   α(14,18) = -0.0914    

α(14,19) = -0.0548   α(14,20) = 0.0079   α(14,21) = -0.4033   α(14,22) = -0.1212    

α(14,23) = -0.5890   α(14,24) = 0.0158   α(14,25) = -0.0291   α(14,26) = -0.0673    

α(14,27) = -0.4033   α(14,28) = 0.1212   α(14,29) = -0.5890   α(14,30) = 0.8049    

α(14,32) = -0.8045   α(14,33) = -0.8049   α(14,35) = 0.8045   α(14,36) = 0.4033    

α(14,37) = -0.1212   α(14,38) = 0.5890   α(14,39) = 0.4033   α(14,40) = 0.1212    

α(14,41) = 0.5890   α(14,42) = 0.0335   α(14,44) = 0.0184   α(15,1) = 0.0467    

α(15,2) = 0.0294   α(15,3) = -0.1033   α(15,4) = -0.0079   α(15,5) = -0.0442    

α(15,7) = -0.1535   α(15,10) = -0.0607   α(15,12) = 0.4958   α(15,15) = -2.9845    

α(15,16) = -0.0467   α(15,17) = 0.0294   α(15,18) = 0.1033   α(15,19) = 0.0079    

α(15,20) = -0.0442   α(15,21) = -0.6979   α(15,22) = -0.7308   α(15,23) = -0.1219    

α(15,24) = -0.0285   α(15,25) = -0.0346   α(15,26) = -0.0291   α(15,27) = 0.6979    

α(15,28) = -0.7308   α(15,29) = 0.1219   α(15,31) = -0.5209   α(15,34) = 0.5209    

α(15,36) = -0.6979   α(15,37) = 0.7308   α(15,38) = -0.1219   α(15,39) = 0.6979    

α(15,40) = 0.7308   α(15,41) = 0.1219   α(15,43) = 0.0838   α(16,1) = -0.0066    

α(16,3) = -0.0030   α(16,4) = -0.0066   α(16,6) = -0.0158   α(16,7) = -0.0599    

α(16,8) = 0.0339   α(16,9) = -0.0276   α(16,10) = 0.0467   α(16,11) = -0.0158    

α(16,12) = 0.0599   α(16,13) = 0.0339   α(16,14) = -0.0276   α(16,15) = -0.0467    

α(16,16) = -3.2141   α(16,18) = -0.0011   α(16,19) = -0.0006   α(16,21) = -0.0480    

α(16,23) = -0.0371   α(16,24) = 0.4999   α(16,25) = -0.1689   α(16,26) = -0.0981    

α(16,27) = -0.0120   α(16,28) = 0.0246   α(16,29) = -0.0112   α(16,30) = 0.4999    

α(16,31) = 0.1689   α(16,32) = -0.0981   α(16,33) = 0.0119   α(16,34) = -0.0023    

α(16,35) = -0.0273   α(16,36) = -0.5004   α(16,38) = -0.1951   α(16,39) = 0.0477    

α(16,40) = 0.0322   α(16,41) = -0.0188   α(16,42) = -0.4999   α(16,43) = 0.1689    

α(16,44) = 0.0981   α(17,2) = 0.0033   α(17,5) = -0.0034   α(17,6) = -0.0599    

α(17,7) = -0.0576   α(17,8) = -0.0377   α(17,9) = -0.1053   α(17,10) = 0.0294    

α(17,11) = 0.0599   α(17,12) = -0.0576   α(17,13) = 0.0377   α(17,14) = 0.1053    

α(17,15) = 0.0294   α(17,17) = -2.6876   α(17,20) = 0.4958   α(17,22) = 0.0107    
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α(17,24) = -0.3272   α(17,25) = -0.8861   α(17,26) = -0.7546   α(17,27) = -0.0041    

α(17,28) = -0.0176   α(17,29) = 0.0332   α(17,30) = 0.3272   α(17,31) = -0.8861    

α(17,32) = 0.7546   α(17,33) = -0.0111   α(17,34) = 0.0067   α(17,35) = 0.0163    

α(17,37) = -0.4231   α(17,39) = 0.0102   α(17,40) = 0.0094   α(17,41) = -0.0116    

α(17,42) = 0.3272   α(17,43) = 0.8861   α(17,44) = 0.7546   α(18,1) = -0.0030    

α(18,3) = 0.0010   α(18,4) = -0.0036   α(18,6) = 0.0339   α(18,7) = -0.0377    

α(18,8) = -0.1002   α(18,9) = -0.0914   α(18,10) = -0.1033   α(18,11) = 0.0339    

α(18,12) = 0.0377   α(18,13) = -0.1002   α(18,14) = -0.0914   α(18,15) = 0.1033    

α(18,16) = -0.0011   α(18,18) = -2.6928   α(18,19) = 0.4951   α(18,21) = -0.0126    

α(18,23) = -0.0166   α(18,24) = -0.1882   α(18,25) = -0.7557   α(18,26) = -0.0126    

α(18,27) = 0.0152   α(18,28) = -0.0099   α(18,29) = -0.0167   α(18,30) = -0.1882    

α(18,31) = 0.7557   α(18,32) = -0.0126   α(18,33) = 0.0112   α(18,34) = -0.0268    

α(18,35) = 0.0271   α(18,36) = -0.3737   α(18,38) = 1.3227   α(18,39) = -0.0063    

α(18,40) = -0.0116   α(18,41) = -0.0035   α(18,42) = 0.1882   α(18,43) = 0.7557    

α(18,44) = 0.0126   α(19,1) = -0.0066   α(19,3) = -0.0036   α(19,4) = -0.0052    

α(19,6) = -0.0276   α(19,7) = -0.1053   α(19,8) = -0.0914   α(19,9) = -0.0548    

α(19,10) = -0.0079   α(19,11) = -0.0276   α(19,12) = 0.1053   α(19,13) = -0.0914    

α(19,14) = -0.0548   α(19,15) = 0.0079   α(19,16) = -0.0006   α(19,18) = 0.4951    

α(19,19) = -2.9845   α(19,21) = -0.0335   α(19,23) = -0.0184   α(19,24) = -0.4033    

α(19,25) = -0.1212   α(19,26) = -0.5890   α(19,27) = 0.0003   α(19,28) = 0.0266    

α(19,29) = -0.0370   α(19,30) = -0.4033   α(19,31) = 0.1212   α(19,32) = -0.5890    

α(19,33) = 0.0264   α(19,34) = -0.0189   α(19,35) = -0.0042   α(19,36) = -0.8049    

α(19,38) = 0.8045   α(19,39) = -0.0158   α(19,40) = 0.0291   α(19,41) = 0.0673    

α(19,42) = 0.4033   α(19,43) = 0.1212   α(19,44) = 0.5890   α(20,2) = -0.0034    

α(20,5) = 0.0125   α(20,6) = 0.0467   α(20,7) = 0.0294   α(20,8) = -0.1033    

α(20,9) = -0.0079   α(20,10) = -0.0442   α(20,11) = -0.0467   α(20,12) = 0.0294    

α(20,13) = 0.1033   α(20,14) = 0.0079   α(20,15) = -0.0442   α(20,17) = 0.4958    

α(20,20) = -2.9845   α(20,22) = -0.0838   α(20,24) = -0.6979   α(20,25) = -0.7308    

α(20,26) = -0.1219   α(20,27) = -0.0302   α(20,28) = 0.0298   α(20,29) = -0.0038    

α(20,30) = 0.6979   α(20,31) = -0.7308   α(20,32) = 0.1219   α(20,33) = 0.0146    

α(20,34) = 0.0106   α(20,35) = -0.0499   α(20,37) = 0.5209   α(20,39) = 0.0285    

α(20,40) = 0.0346   α(20,41) = 0.0291   α(20,42) = 0.6979   α(20,43) = 0.7308    
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α(20,44) = 0.1219   α(21,1) = 0.5004   α(21,3) = 0.3737   α(21,4) = 0.8049    

α(21,6) = 0.4999   α(21,7) = 0.3272   α(21,8) = -0.1882   α(21,9) = -0.4033    

α(21,10) = 0.6979   α(21,11) = 0.4999   α(21,12) = -0.3272   α(21,13) = -0.1882    

α(21,14) = -0.4033   α(21,15) = -0.6979   α(21,16) = -0.0480   α(21,18) = -0.0126    

α(21,19) = -0.0335   α(21,21) = -2.1394   α(21,23) = -0.0030   α(21,24) = -0.0944    

α(21,25) = 0.0128   α(21,26) = 0.0746   α(21,27) = -0.0946   α(21,28) = 0.0577    

α(21,29) = -0.0476   α(21,30) = -0.0944   α(21,31) = -0.0128   α(21,32) = 0.0746    

α(21,33) = 0.5451   α(21,34) = 0.5100   α(21,35) = -0.2962   α(21,36) = 0.5479    

α(21,38) = 0.5890   α(21,39) = -0.0391   α(21,40) = 0.0715   α(21,41) = 0.0419    

α(21,42) = -0.0159   α(21,43) = 0.0081   α(21,44) = 0.0045   α(22,2) = 0.4231    

α(22,5) = -0.5209   α(22,6) = 0.1689   α(22,7) = -0.8861   α(22,8) = 0.7557    

α(22,9) = 0.1212   α(22,10) = -0.7308   α(22,11) = -0.1689   α(22,12) = -0.8861    

α(22,13) = -0.7557   α(22,14) = -0.1212   α(22,15) = -0.7308   α(22,17) = 0.0107    

α(22,20) = -0.0838   α(22,22) = -2.6493   α(22,24) = 0.0691   α(22,25) = 0.1133    

α(22,26) = -0.4660   α(22,27) = -0.0577   α(22,28) = 0.6769   α(22,29) = -0.1397    

α(22,30) = -0.0691   α(22,31) = 0.1133   α(22,32) = 0.4660   α(22,33) = 0.5100    

α(22,34) = 0.2504   α(22,35) = -0.3690   α(22,37) = -0.3864   α(22,39) = 0.0715    

α(22,40) = 0.0177   α(22,41) = 0.0616   α(22,42) = 0.0081   α(22,43) = -0.0233    

α(22,44) = -0.0122   α(23,1) = 0.1951   α(23,3) = -1.3227   α(23,4) = -0.8045    

α(23,6) = -0.0981   α(23,7) = 0.7546   α(23,8) = -0.0126   α(23,9) = -0.5890    

α(23,10) = 0.1219   α(23,11) = -0.0981   α(23,12) = -0.7546   α(23,13) = -0.0126    

α(23,14) = -0.5890   α(23,15) = -0.1219   α(23,16) = -0.0371   α(23,18) = -0.0166    

α(23,19) = -0.0184   α(23,21) = -0.0030   α(23,23) = -2.6494   α(23,24) = -0.0246    

α(23,25) = -0.1853   α(23,26) = 0.4890   α(23,27) = -0.0476   α(23,28) = 0.1397    

α(23,29) = -0.0745   α(23,30) = -0.0246   α(23,31) = 0.1853   α(23,32) = 0.4890    

α(23,33) = -0.2962   α(23,34) = -0.3690   α(23,35) = -0.1736   α(23,36) = 0.5890    

α(23,38) = 0.4612   α(23,39) = 0.0419   α(23,40) = 0.0616   α(23,41) = -0.0513    

α(23,42) = 0.0045   α(23,43) = -0.0122   α(23,44) = 0.0023   α(24,1) = -0.0119    

α(24,2) = 0.0111   α(24,3) = -0.0112   α(24,4) = -0.0264   α(24,5) = -0.0146    

α(24,6) = 0.5004   α(24,8) = 0.3737   α(24,9) = 0.8049   α(24,11) = -0.0477    

α(24,12) = -0.0102   α(24,13) = 0.0063   α(24,14) = 0.0158   α(24,15) = -0.0285    

α(24,16) = 0.4999   α(24,17) = -0.3272   α(24,18) = -0.1882   α(24,19) = -0.4033    
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α(24,20) = -0.6979   α(24,21) = -0.0944   α(24,22) = 0.0691   α(24,23) = -0.0246    

α(24,24) = -2.1394   α(24,26) = -0.0030   α(24,27) = -0.0024   α(24,28) = -0.0050    

α(24,29) = 0.0029   α(24,30) = -0.0946   α(24,31) = 0.0577   α(24,32) = -0.0476    

α(24,33) = -0.0159   α(24,34) = -0.0002   α(24,35) = -0.0094   α(24,36) = 0.5451    

α(24,37) = 0.5100   α(24,38) = -0.2962   α(24,39) = -0.0158   α(24,40) = 0.0080    

α(24,41) = 0.0048   α(24,42) = -0.0391   α(24,43) = 0.0715   α(24,44) = 0.0419    

α(25,1) = 0.0023   α(25,2) = -0.0067   α(25,3) = 0.0268   α(25,4) = 0.0189    

α(25,5) = -0.0106   α(25,7) = 0.4231   α(25,10) = -0.5209   α(25,11) = -0.0322    

α(25,12) = -0.0094   α(25,13) = 0.0116   α(25,14) = -0.0291   α(25,15) = -0.0346    

α(25,16) = -0.1689   α(25,17) = -0.8861   α(25,18) = -0.7557   α(25,19) = -0.1212    

α(25,20) = -0.7308   α(25,21) = 0.0128   α(25,22) = 0.1133   α(25,23) = -0.1853    

α(25,25) = -2.6493   α(25,27) = 0.0073   α(25,28) = -0.0019   α(25,29) = -0.0055    

α(25,30) = -0.0577   α(25,31) = 0.6769   α(25,32) = -0.1397   α(25,33) = -0.0002    

α(25,34) = 0.0065   α(25,35) = -0.0049   α(25,36) = 0.5100   α(25,37) = 0.2504    

α(25,38) = -0.3690   α(25,39) = 0.0080   α(25,40) = -0.0146   α(25,41) = -0.0171    

α(25,42) = 0.0715   α(25,43) = 0.0177   α(25,44) = 0.0616   α(26,1) = 0.0273    

α(26,2) = -0.0163   α(26,3) = -0.0271   α(26,4) = 0.0042   α(26,5) = 0.0499    

α(26,6) = 0.1951   α(26,8) = -1.3227   α(26,9) = -0.8045   α(26,11) = 0.0188    

α(26,12) = 0.0116   α(26,13) = 0.0035   α(26,14) = -0.0673   α(26,15) = -0.0291    

α(26,16) = -0.0981   α(26,17) = -0.7546   α(26,18) = -0.0126   α(26,19) = -0.5890    

α(26,20) = -0.1219   α(26,21) = 0.0746   α(26,22) = -0.4660   α(26,23) = 0.4890    

α(26,24) = -0.0030   α(26,26) = -2.6494   α(26,27) = -0.0042   α(26,28) = -0.0054    

α(26,29) = -0.0083   α(26,30) = -0.0476   α(26,31) = 0.1397   α(26,32) = -0.0745    

α(26,33) = -0.0094   α(26,34) = -0.0049   α(26,35) = -0.0274   α(26,36) = -0.2962    

α(26,37) = -0.3690   α(26,38) = -0.1736   α(26,39) = 0.0048   α(26,40) = -0.0171    

α(26,41) = -0.0062   α(26,42) = 0.0419   α(26,43) = 0.0616   α(26,44) = -0.0513    

α(27,1) = -0.0477   α(27,2) = 0.0102   α(27,3) = 0.0063   α(27,4) = 0.0158    

α(27,5) = 0.0285   α(27,6) = -0.0120   α(27,7) = -0.0152   α(27,8) = -0.0040    

α(27,9) = 0.0258   α(27,10) = -0.0155   α(27,11) = 0.4999   α(27,12) = 0.3272    

α(27,13) = -0.1882   α(27,14) = -0.4033   α(27,15) = 0.6979   α(27,16) = -0.0120    

α(27,17) = -0.0041   α(27,18) = 0.0152   α(27,19) = 0.0003   α(27,20) = -0.0302    

α(27,21) = -0.0946   α(27,22) = -0.0577   α(27,23) = -0.0476   α(27,24) = -0.0024    
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α(27,25) = 0.0073   α(27,26) = -0.0042   α(27,27) = -2.1394   α(27,29) = -0.0030    

α(27,30) = -0.0944   α(27,31) = 0.0128   α(27,32) = 0.0746   α(27,33) = 0.5451    

α(27,34) = -0.5100   α(27,35) = -0.2962   α(27,36) = -0.0391   α(27,37) = -0.0715    

α(27,38) = 0.0419   α(27,39) = 0.5479   α(27,41) = 0.5890   α(27,42) = -0.0159    

α(27,43) = -0.0081   α(27,44) = 0.0045   α(28,1) = 0.0322   α(28,2) = -0.0094    

α(28,3) = -0.0116   α(28,4) = 0.0291   α(28,5) = -0.0346   α(28,6) = 0.0222    

α(28,7) = -0.0270   α(28,8) = 0.0274   α(28,9) = -0.0381   α(28,10) = -0.0294    

α(28,11) = 0.1689   α(28,12) = -0.8861   α(28,13) = 0.7557   α(28,14) = 0.1212    

α(28,15) = -0.7308   α(28,16) = 0.0246   α(28,17) = -0.0176   α(28,18) = -0.0099    

α(28,19) = 0.0266   α(28,20) = 0.0298   α(28,21) = 0.0577   α(28,22) = 0.6769    

α(28,23) = 0.1397   α(28,24) = -0.0050   α(28,25) = -0.0019   α(28,26) = -0.0054    

α(28,28) = -2.6493   α(28,30) = 0.0691   α(28,31) = 0.1133   α(28,32) = -0.4660    

α(28,33) = -0.5100   α(28,34) = 0.2504   α(28,35) = 0.3690   α(28,36) = -0.0715    

α(28,37) = 0.0177   α(28,38) = -0.0616   α(28,40) = -0.3864   α(28,42) = -0.0081    

α(28,43) = -0.0233   α(28,44) = 0.0122   α(29,1) = 0.0188   α(29,2) = -0.0116    

α(29,3) = 0.0035   α(29,4) = -0.0673   α(29,5) = 0.0291   α(29,6) = -0.0156    

α(29,7) = -0.0151   α(29,8) = -0.0072   α(29,9) = 0.0226   α(29,10) = -0.0079    

α(29,11) = -0.0981   α(29,12) = 0.7546   α(29,13) = -0.0126   α(29,14) = -0.5890    

α(29,15) = 0.1219   α(29,16) = -0.0112   α(29,17) = 0.0332   α(29,18) = -0.0167    

α(29,19) = -0.0370   α(29,20) = -0.0038   α(29,21) = -0.0476   α(29,22) = -0.1397    

α(29,23) = -0.0745   α(29,24) = 0.0029   α(29,25) = -0.0055   α(29,26) = -0.0083    

α(29,27) = -0.0030   α(29,29) = -2.6494   α(29,30) = -0.0246   α(29,31) = -0.1853    

α(29,32) = 0.4890   α(29,33) = -0.2962   α(29,34) = 0.3690   α(29,35) = -0.1736    

α(29,36) = 0.0419   α(29,37) = -0.0616   α(29,38) = -0.0513   α(29,39) = 0.5890    

α(29,41) = 0.4612   α(29,42) = 0.0045   α(29,43) = 0.0122   α(29,44) = 0.0023    

α(30,1) = -0.0119   α(30,2) = -0.0111   α(30,3) = -0.0112   α(30,4) = -0.0264    

α(30,5) = 0.0146   α(30,6) = -0.0477   α(30,7) = 0.0102   α(30,8) = 0.0063    

α(30,9) = 0.0158   α(30,10) = 0.0285   α(30,11) = 0.5004   α(30,13) = 0.3737    

α(30,14) = 0.8049   α(30,16) = 0.4999   α(30,17) = 0.3272   α(30,18) = -0.1882    

α(30,19) = -0.4033   α(30,20) = 0.6979   α(30,21) = -0.0944   α(30,22) = -0.0691    

α(30,23) = -0.0246   α(30,24) = -0.0946   α(30,25) = -0.0577   α(30,26) = -0.0476    

α(30,27) = -0.0944   α(30,28) = 0.0691   α(30,29) = -0.0246   α(30,30) = -2.1394    
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α(30,32) = -0.0030   α(30,33) = -0.0393   α(30,35) = -0.0817   α(30,36) = 0.5451    

α(30,37) = -0.5100   α(30,38) = -0.2962   α(30,39) = 0.5451   α(30,40) = 0.5100    

α(30,41) = -0.2962   α(30,42) = 0.5479   α(30,44) = 0.5890   α(31,1) = -0.0023    

α(31,2) = -0.0067   α(31,3) = -0.0268   α(31,4) = -0.0189   α(31,5) = -0.0106    

α(31,6) = 0.0322   α(31,7) = -0.0094   α(31,8) = -0.0116   α(31,9) = 0.0291    

α(31,10) = -0.0346   α(31,12) = 0.4231   α(31,15) = -0.5209   α(31,16) = 0.1689    

α(31,17) = -0.8861   α(31,18) = 0.7557   α(31,19) = 0.1212   α(31,20) = -0.7308    

α(31,21) = -0.0128   α(31,22) = 0.1133   α(31,23) = 0.1853   α(31,24) = 0.0577    

α(31,25) = 0.6769   α(31,26) = 0.1397   α(31,27) = 0.0128   α(31,28) = 0.1133    

α(31,29) = -0.1853   α(31,31) = -2.6493   α(31,34) = -0.0857   α(31,36) = -0.5100    

α(31,37) = 0.2504   α(31,38) = 0.3690   α(31,39) = 0.5100   α(31,40) = 0.2504    

α(31,41) = -0.3690   α(31,43) = -0.3864   α(32,1) = 0.0273   α(32,2) = 0.0163    

α(32,3) = -0.0271   α(32,4) = 0.0042   α(32,5) = -0.0499   α(32,6) = 0.0188    

α(32,7) = -0.0116   α(32,8) = 0.0035   α(32,9) = -0.0673   α(32,10) = 0.0291    

α(32,11) = 0.1951   α(32,13) = -1.3227   α(32,14) = -0.8045   α(32,16) = -0.0981    

α(32,17) = 0.7546   α(32,18) = -0.0126   α(32,19) = -0.5890   α(32,20) = 0.1219    

α(32,21) = 0.0746   α(32,22) = 0.4660   α(32,23) = 0.4890   α(32,24) = -0.0476    

α(32,25) = -0.1397   α(32,26) = -0.0745   α(32,27) = 0.0746   α(32,28) = -0.4660    

α(32,29) = 0.4890   α(32,30) = -0.0030   α(32,32) = -2.6494   α(32,33) = -0.0817    

α(32,35) = 0.0523   α(32,36) = -0.2962   α(32,37) = 0.3690   α(32,38) = -0.1736    

α(32,39) = -0.2962   α(32,40) = -0.3690   α(32,41) = -0.1736   α(32,42) = 0.5890    

α(32,44) = 0.4612   α(33,1) = -0.4999   α(33,2) = 0.3272   α(33,3) = 0.1882    

α(33,4) = 0.4033   α(33,5) = 0.6979   α(33,6) = 0.0477   α(33,7) = 0.0102    

α(33,8) = -0.0063   α(33,9) = -0.0158   α(33,10) = 0.0285   α(33,11) = -0.5004    

α(33,13) = -0.3737   α(33,14) = -0.8049   α(33,16) = 0.0119   α(33,17) = -0.0111    

α(33,18) = 0.0112   α(33,19) = 0.0264   α(33,20) = 0.0146   α(33,21) = 0.5451    

α(33,22) = 0.5100   α(33,23) = -0.2962   α(33,24) = -0.0159   α(33,25) = -0.0002    

α(33,26) = -0.0094   α(33,27) = 0.5451   α(33,28) = -0.5100   α(33,29) = -0.2962    

α(33,30) = -0.0393   α(33,32) = -0.0817   α(33,33) = -2.1394   α(33,35) = -0.0030    

α(33,36) = -0.0944   α(33,37) = 0.0691   α(33,38) = -0.0246   α(33,39) = -0.0944    

α(33,40) = -0.0691   α(33,41) = -0.0246   α(33,42) = -0.0024   α(33,44) = 0.0083    

α(34,1) = 0.1689   α(34,2) = 0.8861   α(34,3) = 0.7557   α(34,4) = 0.1212    
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α(34,5) = 0.7308   α(34,6) = 0.0322   α(34,7) = 0.0094   α(34,8) = -0.0116    

α(34,9) = 0.0291   α(34,10) = 0.0346   α(34,12) = -0.4231   α(34,15) = 0.5209    

α(34,16) = -0.0023   α(34,17) = 0.0067   α(34,18) = -0.0268   α(34,19) = -0.0189    

α(34,20) = 0.0106   α(34,21) = 0.5100   α(34,22) = 0.2504   α(34,23) = -0.3690    

α(34,24) = -0.0002   α(34,25) = 0.0065   α(34,26) = -0.0049   α(34,27) = -0.5100    

α(34,28) = 0.2504   α(34,29) = 0.3690   α(34,31) = -0.0857   α(34,34) = -2.6493    

α(34,36) = 0.0128   α(34,37) = 0.1133   α(34,38) = -0.1853   α(34,39) = -0.0128    

α(34,40) = 0.1133   α(34,41) = 0.1853   α(34,43) = -0.0115   α(35,1) = 0.0981    

α(35,2) = 0.7546   α(35,3) = 0.0126   α(35,4) = 0.5890   α(35,5) = 0.1219    

α(35,6) = -0.0188   α(35,7) = -0.0116   α(35,8) = -0.0035   α(35,9) = 0.0673    

α(35,10) = 0.0291   α(35,11) = -0.1951   α(35,13) = 1.3227   α(35,14) = 0.8045    

α(35,16) = -0.0273   α(35,17) = 0.0163   α(35,18) = 0.0271   α(35,19) = -0.0042    

α(35,20) = -0.0499   α(35,21) = -0.2962   α(35,22) = -0.3690   α(35,23) = -0.1736    

α(35,24) = -0.0094   α(35,25) = -0.0049   α(35,26) = -0.0274   α(35,27) = -0.2962    

α(35,28) = 0.3690   α(35,29) = -0.1736   α(35,30) = -0.0817   α(35,32) = 0.0523    

α(35,33) = -0.0030   α(35,35) = -2.6494   α(35,36) = 0.0746   α(35,37) = -0.4660    

α(35,38) = 0.4890   α(35,39) = 0.0746   α(35,40) = 0.4660   α(35,41) = 0.4890    

α(35,42) = -0.0057   α(35,44) = 0.0013   α(36,1) = 0.0480   α(36,3) = 0.0126    

α(36,4) = 0.0335   α(36,6) = -0.4999   α(36,7) = 0.3272   α(36,8) = 0.1882    

α(36,9) = 0.4033   α(36,10) = 0.6979   α(36,11) = -0.4999   α(36,12) = -0.3272    

α(36,13) = 0.1882   α(36,14) = 0.4033   α(36,15) = -0.6979   α(36,16) = -0.5004    

α(36,18) = -0.3737   α(36,19) = -0.8049   α(36,21) = 0.5479   α(36,23) = 0.5890    

α(36,24) = 0.5451   α(36,25) = 0.5100   α(36,26) = -0.2962   α(36,27) = -0.0391    

α(36,28) = -0.0715   α(36,29) = 0.0419   α(36,30) = 0.5451   α(36,31) = -0.5100    

α(36,32) = -0.2962   α(36,33) = -0.0944   α(36,34) = 0.0128   α(36,35) = 0.0746    

α(36,36) = -2.1394   α(36,38) = -0.0030   α(36,39) = -0.0946   α(36,40) = -0.0577    

α(36,41) = -0.0476   α(36,42) = -0.0944   α(36,43) = -0.0691   α(36,44) = -0.0246    

α(37,2) = -0.0107   α(37,5) = 0.0838   α(37,6) = 0.1689   α(37,7) = 0.8861    

α(37,8) = 0.7557   α(37,9) = 0.1212   α(37,10) = 0.7308   α(37,11) = -0.1689    

α(37,12) = 0.8861   α(37,13) = -0.7557   α(37,14) = -0.1212   α(37,15) = 0.7308    

α(37,17) = -0.4231   α(37,20) = 0.5209   α(37,22) = -0.3864   α(37,24) = 0.5100    

α(37,25) = 0.2504   α(37,26) = -0.3690   α(37,27) = -0.0715   α(37,28) = 0.0177    
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α(37,29) = -0.0616   α(37,30) = -0.5100   α(37,31) = 0.2504   α(37,32) = 0.3690    

α(37,33) = 0.0691   α(37,34) = 0.1133   α(37,35) = -0.4660   α(37,37) = -2.6493    

α(37,39) = 0.0577   α(37,40) = 0.6769   α(37,41) = 0.1397   α(37,42) = -0.0128    

α(37,43) = 0.1133   α(37,44) = 0.1853   α(38,1) = 0.0371   α(38,3) = 0.0166    

α(38,4) = 0.0184   α(38,6) = 0.0981   α(38,7) = 0.7546   α(38,8) = 0.0126    

α(38,9) = 0.5890   α(38,10) = 0.1219   α(38,11) = 0.0981   α(38,12) = -0.7546    

α(38,13) = 0.0126   α(38,14) = 0.5890   α(38,15) = -0.1219   α(38,16) = -0.1951    

α(38,18) = 1.3227   α(38,19) = 0.8045   α(38,21) = 0.5890   α(38,23) = 0.4612    

α(38,24) = -0.2962   α(38,25) = -0.3690   α(38,26) = -0.1736   α(38,27) = 0.0419    

α(38,28) = -0.0616   α(38,29) = -0.0513   α(38,30) = -0.2962   α(38,31) = 0.3690    

α(38,32) = -0.1736   α(38,33) = -0.0246   α(38,34) = -0.1853   α(38,35) = 0.4890    

α(38,36) = -0.0030   α(38,38) = -2.6494   α(38,39) = -0.0476   α(38,40) = -0.1397    

α(38,41) = -0.0745   α(38,42) = 0.0746   α(38,43) = 0.4660   α(38,44) = 0.4890    

α(39,1) = 0.0120   α(39,2) = -0.0041   α(39,3) = -0.0151   α(39,4) = -0.0003    

α(39,5) = -0.0302   α(39,6) = 0.0120   α(39,7) = -0.0152   α(39,8) = 0.0040    

α(39,9) = -0.0258   α(39,10) = -0.0155   α(39,11) = -0.4999   α(39,12) = 0.3272    

α(39,13) = 0.1882   α(39,14) = 0.4033   α(39,15) = 0.6979   α(39,16) = 0.0477    

α(39,17) = 0.0102   α(39,18) = -0.0063   α(39,19) = -0.0158   α(39,20) = 0.0285    

α(39,21) = -0.0391   α(39,22) = 0.0715   α(39,23) = 0.0419   α(39,24) = -0.0158    

α(39,25) = 0.0080   α(39,26) = 0.0048   α(39,27) = 0.5479   α(39,29) = 0.5890    

α(39,30) = 0.5451   α(39,31) = 0.5100   α(39,32) = -0.2962   α(39,33) = -0.0944    

α(39,34) = -0.0128   α(39,35) = 0.0746   α(39,36) = -0.0946   α(39,37) = 0.0577    

α(39,38) = -0.0476   α(39,39) = -2.1394   α(39,41) = -0.0030   α(39,42) = -0.0944    

α(39,43) = 0.0691   α(39,44) = -0.0246   α(40,1) = 0.0246   α(40,2) = 0.0176    

α(40,3) = -0.0099   α(40,4) = 0.0266   α(40,5) = -0.0298   α(40,6) = 0.0222    

α(40,7) = 0.0270   α(40,8) = 0.0274   α(40,9) = -0.0381   α(40,10) = 0.0294    

α(40,11) = 0.1689   α(40,12) = 0.8861   α(40,13) = 0.7557   α(40,14) = 0.1212    

α(40,15) = 0.7308   α(40,16) = 0.0322   α(40,17) = 0.0094   α(40,18) = -0.0116    

α(40,19) = 0.0291   α(40,20) = 0.0346   α(40,21) = 0.0715   α(40,22) = 0.0177    

α(40,23) = 0.0616   α(40,24) = 0.0080   α(40,25) = -0.0146   α(40,26) = -0.0171    

α(40,28) = -0.3864   α(40,30) = 0.5100   α(40,31) = 0.2504   α(40,32) = -0.3690    

α(40,33) = -0.0691   α(40,34) = 0.1133   α(40,35) = 0.4660   α(40,36) = -0.0577    
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α(40,37) = 0.6769   α(40,38) = -0.1397   α(40,40) = -2.6493   α(40,42) = 0.0128    

α(40,43) = 0.1133   α(40,44) = -0.1853   α(41,1) = 0.0112   α(41,2) = 0.0332    

α(41,3) = 0.0167   α(41,4) = 0.0370   α(41,5) = -0.0038   α(41,6) = 0.0156    

α(41,7) = -0.0151   α(41,8) = 0.0072   α(41,9) = -0.0226   α(41,10) = -0.0079    

α(41,11) = 0.0981   α(41,12) = 0.7546   α(41,13) = 0.0126   α(41,14) = 0.5890    

α(41,15) = 0.1219   α(41,16) = -0.0188   α(41,17) = -0.0116   α(41,18) = -0.0035    

α(41,19) = 0.0673   α(41,20) = 0.0291   α(41,21) = 0.0419   α(41,22) = 0.0616    

α(41,23) = -0.0513   α(41,24) = 0.0048   α(41,25) = -0.0171   α(41,26) = -0.0062    

α(41,27) = 0.5890   α(41,29) = 0.4612   α(41,30) = -0.2962   α(41,31) = -0.3690    

α(41,32) = -0.1736   α(41,33) = -0.0246   α(41,34) = 0.1853   α(41,35) = 0.4890    

α(41,36) = -0.0476   α(41,37) = 0.1397   α(41,38) = -0.0745   α(41,39) = -0.0030    

α(41,41) = -2.6494   α(41,42) = 0.0746   α(41,43) = -0.4660   α(41,44) = 0.4890    

α(42,6) = 0.0120   α(42,7) = -0.0041   α(42,8) = -0.0151   α(42,9) = -0.0003    

α(42,10) = -0.0302   α(42,11) = 0.0480   α(42,13) = 0.0126   α(42,14) = 0.0335    

α(42,16) = -0.4999   α(42,17) = 0.3272   α(42,18) = 0.1882   α(42,19) = 0.4033    

α(42,20) = 0.6979   α(42,21) = -0.0159   α(42,22) = 0.0081   α(42,23) = 0.0045    

α(42,24) = -0.0391   α(42,25) = 0.0715   α(42,26) = 0.0419   α(42,27) = -0.0159    

α(42,28) = -0.0081   α(42,29) = 0.0045   α(42,30) = 0.5479   α(42,32) = 0.5890    

α(42,33) = -0.0024   α(42,35) = -0.0057   α(42,36) = -0.0944   α(42,37) = -0.0128    

α(42,38) = 0.0746   α(42,39) = -0.0944   α(42,40) = 0.0128   α(42,41) = 0.0746    

α(42,42) = -2.1394   α(42,44) = -0.0030   α(43,6) = 0.0246   α(43,7) = 0.0176    

α(43,8) = -0.0099   α(43,9) = 0.0266   α(43,10) = -0.0298   α(43,12) = -0.0107    

α(43,15) = 0.0838   α(43,16) = 0.1689   α(43,17) = 0.8861   α(43,18) = 0.7557    

α(43,19) = 0.1212   α(43,20) = 0.7308   α(43,21) = 0.0081   α(43,22) = -0.0233    

α(43,23) = -0.0122   α(43,24) = 0.0715   α(43,25) = 0.0177   α(43,26) = 0.0616    

α(43,27) = -0.0081   α(43,28) = -0.0233   α(43,29) = 0.0122   α(43,31) = -0.3864    

α(43,34) = -0.0115   α(43,36) = -0.0691   α(43,37) = 0.1133   α(43,38) = 0.4660    

α(43,39) = 0.0691   α(43,40) = 0.1133   α(43,41) = -0.4660   α(43,43) = -2.6493    

α(44,6) = 0.0112   α(44,7) = 0.0332   α(44,8) = 0.0167   α(44,9) = 0.0370    

α(44,10) = -0.0038   α(44,11) = 0.0371   α(44,13) = 0.0166   α(44,14) = 0.0184    

α(44,16) = 0.0981   α(44,17) = 0.7546   α(44,18) = 0.0126   α(44,19) = 0.5890    

α(44,20) = 0.1219   α(44,21) = 0.0045   α(44,22) = -0.0122   α(44,23) = 0.0023    
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α(44,24) = 0.0419   α(44,25) = 0.0616   α(44,26) = -0.0513   α(44,27) = 0.0045    

α(44,28) = 0.0122   α(44,29) = 0.0023   α(44,30) = 0.5890   α(44,32) = 0.4612    

α(44,33) = 0.0083   α(44,35) = 0.0013   α(44,36) = -0.0246   α(44,37) = 0.1853    

α(44,38) = 0.4890   α(44,39) = -0.0246   α(44,40) = -0.1853   α(44,41) = 0.4890    

α(44,42) = -0.0030   α(44,44) = -2.6494 

 

 

β(1,1) = -0.0066   β(1,2) = 0.0025   β(1,3) = 0.0015   β(1,4) = 0.0032    

β(1,5) = 0.0056   β(1,6) = -0.0020   β(1,7) = -0.0003   β(1,8) = 0.0001    

β(1,9) = -0.0024   β(1,10) = 0.0040   β(2,1) = 0.0025   β(2,2) = 0.0016    

β(2,3) = -0.0010   β(2,5) = -0.0035   β(2,6) = -0.0003   β(2,7) = -0.0020    

β(2,8) = 0.0081   β(2,9) = 0.0048   β(2,10) = 0.0030   β(3,1) = 0.0015    

β(3,2) = -0.0010   β(3,3) = 0.0027   β(3,4) = -0.0035   β(3,6) = 0.0001    

β(3,7) = 0.0081   β(3,8) = 0.0074   β(3,9) = 0.0085   β(3,10) = 0.0048    

β(4,1) = 0.0032   β(4,3) = -0.0035   β(4,4) = 0.0082   β(4,5) = -0.0076    

β(4,6) = -0.0024   β(4,7) = 0.0048   β(4,8) = 0.0085   β(4,9) = 0.0053    

β(4,10) = 0.0086   β(5,1) = 0.0056   β(5,2) = -0.0035   β(5,4) = -0.0076    

β(5,5) = -0.0007   β(5,6) = 0.0040   β(5,7) = 0.0030   β(5,8) = 0.0048    

β(5,9) = 0.0086   β(5,10) = -0.0045   β(6,1) = -0.0020   β(6,3) = -0.0003    

β(6,4) = 0.0046   β(6,6) = -0.0066   β(6,7) = 0.0025   β(6,8) = 0.0015    

β(6,9) = 0.0032   β(6,10) = 0.0056   β(7,2) = 0.0121   β(7,5) = 0.0113    

β(7,6) = 0.0025   β(7,7) = 0.0016   β(7,8) = -0.0010   β(7,10) = -0.0035    

β(8,1) = -0.0003   β(8,3) = -0.0066   β(8,4) = 0.0002   β(8,6) = 0.0015    

β(8,7) = -0.0010   β(8,8) = 0.0027   β(8,9) = -0.0035   β(9,1) = 0.0046    

β(9,3) = 0.0002   β(9,4) = -0.0095   β(9,6) = 0.0032   β(9,8) = -0.0035    

β(9,9) = 0.0082   β(9,10) = -0.0076   β(10,2) = 0.0113   β(10,5) = 0.0103    

β(10,6) = 0.0056   β(10,7) = -0.0035   β(10,9) = -0.0076   β(10,10) = -0.0007    

β(11,1) = -0.0160   β(11,3) = -0.0687   β(11,4) = 0.0534   β(11,6) = -0.0158    

β(11,7) = -0.0599   β(11,8) = 0.0339   β(11,9) = -0.0276   β(11,10) = 0.0467    

β(11,11) = -0.0066   β(11,12) = 0.0025   β(11,13) = 0.0015   β(11,14) = 0.0032    

β(11,15) = 0.0056   β(11,16) = -0.0020   β(11,17) = -0.0003   β(11,18) = 0.0001    

β(11,19) = -0.0024   β(11,20) = 0.0040   β(11,21) = -0.0477   β(11,22) = 0.0322    
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β(11,23) = 0.0188   β(11,24) = -0.0119   β(11,25) = -0.0023   β(11,26) = 0.0273    

β(11,33) = 0.0120   β(11,34) = 0.0222   β(11,35) = 0.0156   β(11,36) = 0.0120    

β(11,37) = 0.0246   β(11,38) = 0.0112   β(12,2) = -0.1220   β(12,5) = -0.1535    

β(12,6) = -0.0599   β(12,7) = -0.0576   β(12,8) = -0.0377   β(12,9) = -0.1053    

β(12,10) = 0.0294   β(12,11) = 0.0025   β(12,12) = 0.0016   β(12,13) = -0.0010    

β(12,15) = -0.0035   β(12,16) = -0.0003   β(12,17) = -0.0020   β(12,18) = 0.0081    

β(12,19) = 0.0048   β(12,20) = 0.0030   β(12,21) = 0.0102   β(12,22) = -0.0094    

β(12,23) = -0.0116   β(12,24) = -0.0111   β(12,25) = -0.0067   β(12,26) = 0.0163    

β(12,33) = -0.0152   β(12,34) = 0.0270   β(12,35) = -0.0151   β(12,36) = -0.0041    

β(12,37) = 0.0176   β(12,38) = 0.0332   β(13,1) = -0.0687   β(13,3) = -0.0343    

β(13,4) = 0.0885   β(13,6) = 0.0339   β(13,7) = -0.0377   β(13,8) = -0.1002    

β(13,9) = -0.0914   β(13,10) = -0.1033   β(13,11) = 0.0015   β(13,12) = -0.0010    

β(13,13) = 0.0027   β(13,14) = -0.0035   β(13,16) = 0.0001   β(13,17) = 0.0081    

β(13,18) = 0.0074   β(13,19) = 0.0085   β(13,20) = 0.0048   β(13,21) = 0.0063    

β(13,22) = -0.0116   β(13,23) = 0.0035   β(13,24) = -0.0112   β(13,25) = -0.0268    

β(13,26) = -0.0271   β(13,33) = 0.0040   β(13,34) = 0.0274   β(13,35) = 0.0072    

β(13,36) = -0.0151   β(13,37) = -0.0099   β(13,38) = 0.0167   β(14,1) = 0.0534    

β(14,3) = 0.0885   β(14,4) = -0.0394   β(14,6) = -0.0276   β(14,7) = -0.1053    

β(14,8) = -0.0914   β(14,9) = -0.0548   β(14,10) = -0.0079   β(14,11) = 0.0032    

β(14,13) = -0.0035   β(14,14) = 0.0082   β(14,15) = -0.0076   β(14,16) = -0.0024    

β(14,17) = 0.0048   β(14,18) = 0.0085   β(14,19) = 0.0053   β(14,20) = 0.0086    

β(14,21) = 0.0158   β(14,22) = 0.0291   β(14,23) = -0.0673   β(14,24) = -0.0264    

β(14,25) = -0.0189   β(14,26) = 0.0042   β(14,33) = -0.0258   β(14,34) = -0.0381    

β(14,35) = -0.0226   β(14,36) = -0.0003   β(14,37) = 0.0266   β(14,38) = 0.0370    

β(15,2) = -0.1535   β(15,5) = -0.0607   β(15,6) = 0.0467   β(15,7) = 0.0294    

β(15,8) = -0.1033   β(15,9) = -0.0079   β(15,10) = -0.0442   β(15,11) = 0.0056    

β(15,12) = -0.0035   β(15,14) = -0.0076   β(15,15) = -0.0007   β(15,16) = 0.0040    

β(15,17) = 0.0030   β(15,18) = 0.0048   β(15,19) = 0.0086   β(15,20) = -0.0045    

β(15,21) = 0.0285   β(15,22) = -0.0346   β(15,23) = 0.0291   β(15,24) = 0.0146    

β(15,25) = -0.0106   β(15,26) = -0.0499   β(15,33) = -0.0155   β(15,34) = 0.0294    

β(15,35) = -0.0079   β(15,36) = -0.0302   β(15,37) = -0.0298   β(15,38) = -0.0038    

β(16,1) = -0.0066   β(16,2) = -0.0025   β(16,3) = 0.0015   β(16,4) = 0.0032    
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β(16,5) = -0.0056   β(16,6) = -0.0160   β(16,8) = -0.0687   β(16,9) = 0.0534    

β(16,11) = -0.0020   β(16,13) = -0.0003   β(16,14) = 0.0046   β(16,16) = -0.0066    

β(16,17) = 0.0025   β(16,18) = 0.0015   β(16,19) = 0.0032   β(16,20) = 0.0056    

β(16,21) = -0.0120   β(16,22) = 0.0222   β(16,23) = -0.0156   β(16,24) = -0.0477    

β(16,25) = 0.0322   β(16,26) = 0.0188   β(16,36) = 0.0120   β(16,37) = 0.0222    

β(16,38) = 0.0156   β(17,1) = -0.0025   β(17,2) = 0.0016   β(17,3) = 0.0010    

β(17,5) = -0.0035   β(17,7) = -0.1220   β(17,10) = -0.1535   β(17,12) = 0.0121    

β(17,15) = 0.0113   β(17,16) = 0.0025   β(17,17) = 0.0016   β(17,18) = -0.0010    

β(17,20) = -0.0035   β(17,21) = -0.0152   β(17,22) = -0.0270   β(17,23) = -0.0151    

β(17,24) = 0.0102   β(17,25) = -0.0094   β(17,26) = -0.0116   β(17,36) = -0.0152    

β(17,37) = 0.0270   β(17,38) = -0.0151   β(18,1) = 0.0015   β(18,2) = 0.0010    

β(18,3) = 0.0027   β(18,4) = -0.0035   β(18,6) = -0.0687   β(18,8) = -0.0343    

β(18,9) = 0.0885   β(18,11) = -0.0003   β(18,13) = -0.0066   β(18,14) = 0.0002    

β(18,16) = 0.0015   β(18,17) = -0.0010   β(18,18) = 0.0027   β(18,19) = -0.0035    

β(18,21) = -0.0040   β(18,22) = 0.0274   β(18,23) = -0.0072   β(18,24) = 0.0063    

β(18,25) = -0.0116   β(18,26) = 0.0035   β(18,36) = 0.0040   β(18,37) = 0.0274    

β(18,38) = 0.0072   β(19,1) = 0.0032   β(19,3) = -0.0035   β(19,4) = 0.0082    

β(19,5) = 0.0076   β(19,6) = 0.0534   β(19,8) = 0.0885   β(19,9) = -0.0394    

β(19,11) = 0.0046   β(19,13) = 0.0002   β(19,14) = -0.0095   β(19,16) = 0.0032    

β(19,18) = -0.0035   β(19,19) = 0.0082   β(19,20) = -0.0076   β(19,21) = 0.0258    

β(19,22) = -0.0381   β(19,23) = 0.0226   β(19,24) = 0.0158   β(19,25) = 0.0291    

β(19,26) = -0.0673   β(19,36) = -0.0258   β(19,37) = -0.0381   β(19,38) = -0.0226    

β(20,1) = -0.0056   β(20,2) = -0.0035   β(20,4) = 0.0076   β(20,5) = -0.0007    

β(20,7) = -0.1535   β(20,10) = -0.0607   β(20,12) = 0.0113   β(20,15) = 0.0103    

β(20,16) = 0.0056   β(20,17) = -0.0035   β(20,19) = -0.0076   β(20,20) = -0.0007    

β(20,21) = -0.0155   β(20,22) = -0.0294   β(20,23) = -0.0079   β(20,24) = 0.0285    

β(20,25) = -0.0346   β(20,26) = 0.0291   β(20,36) = -0.0155   β(20,37) = 0.0294    

β(20,38) = -0.0079   β(21,1) = -0.0120   β(21,2) = 0.0152   β(21,3) = -0.0040    

β(21,4) = 0.0258   β(21,5) = 0.0155   β(21,6) = -0.0120   β(21,7) = 0.0041    

β(21,8) = 0.0151   β(21,9) = 0.0003   β(21,10) = 0.0302   β(21,21) = -0.0024    

β(21,22) = -0.0073   β(21,23) = -0.0042   β(21,24) = -0.0020   β(21,25) = 0.0068    

β(21,26) = 0.0037   β(22,1) = -0.0222   β(22,2) = -0.0270   β(22,3) = -0.0274    
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β(22,4) = 0.0381   β(22,5) = -0.0294   β(22,6) = -0.0246   β(22,7) = -0.0176    

β(22,8) = 0.0099   β(22,9) = -0.0266   β(22,10) = 0.0298   β(22,21) = 0.0050    

β(22,22) = -0.0019   β(22,23) = 0.0054   β(22,24) = 0.0003   β(22,25) = 0.0104    

β(22,26) = 0.0379   β(23,1) = -0.0156   β(23,2) = 0.0151   β(23,3) = -0.0072    

β(23,4) = 0.0226   β(23,5) = 0.0079   β(23,6) = -0.0112   β(23,7) = -0.0332    

β(23,8) = -0.0167   β(23,9) = -0.0370   β(23,10) = 0.0038   β(23,21) = 0.0029    

β(23,22) = 0.0055   β(23,23) = -0.0083   β(23,24) = -0.0077   β(23,25) = 0.0218    

β(23,26) = 0.0448   β(24,6) = -0.0120   β(24,7) = 0.0152   β(24,8) = -0.0040    

β(24,9) = 0.0258   β(24,10) = 0.0155   β(24,21) = -0.0020   β(24,22) = 0.0066    

β(24,23) = 0.0041   β(24,24) = -0.0024   β(24,25) = -0.0073   β(24,26) = -0.0042    

β(25,6) = -0.0222   β(25,7) = -0.0270   β(25,8) = -0.0274   β(25,9) = 0.0381    

β(25,10) = -0.0294   β(25,21) = -0.0066   β(25,22) = 0.0620   β(25,23) = -0.0080    

β(25,24) = 0.0050   β(25,25) = -0.0019   β(25,26) = 0.0054   β(26,6) = -0.0156    

β(26,7) = 0.0151   β(26,8) = -0.0072   β(26,9) = 0.0226   β(26,10) = 0.0079    

β(26,21) = 0.0041   β(26,22) = 0.0080   β(26,23) = -0.0068   β(26,24) = 0.0029    

β(26,25) = 0.0055   β(26,26) = -0.0083   β(27,1) = 0.4999   β(27,2) = -0.3272    

β(27,3) = -0.1882   β(27,4) = -0.4033   β(27,5) = -0.6979   β(27,6) = -0.0480    

β(27,8) = -0.0126   β(27,9) = -0.0335   β(27,11) = -0.0120   β(27,12) = 0.0041    

β(27,13) = 0.0151   β(27,14) = 0.0003   β(27,15) = 0.0302   β(27,21) = -0.0944    

β(27,22) = -0.0128   β(27,23) = 0.0746   β(27,24) = -0.0024   β(27,26) = -0.0057    

β(27,27) = -0.0024   β(27,28) = -0.0073   β(27,29) = -0.0042   β(27,30) = -0.0020    

β(27,31) = 0.0068   β(27,32) = 0.0037   β(27,33) = -0.0391   β(27,34) = 0.0715    

β(27,35) = 0.0419   β(27,36) = -0.0159   β(27,37) = 0.0081   β(27,38) = 0.0045    

β(28,1) = -0.1689   β(28,2) = -0.8861   β(28,3) = -0.7557   β(28,4) = -0.1212    

β(28,5) = -0.7308   β(28,7) = 0.0107   β(28,10) = -0.0838   β(28,11) = -0.0246    

β(28,12) = -0.0176   β(28,13) = 0.0099   β(28,14) = -0.0266   β(28,15) = 0.0298    

β(28,21) = -0.0691   β(28,22) = 0.1133   β(28,23) = 0.4660   β(28,25) = -0.0115    

β(28,27) = 0.0050   β(28,28) = -0.0019   β(28,29) = 0.0054   β(28,30) = 0.0003    

β(28,31) = 0.0104   β(28,32) = 0.0379   β(28,33) = 0.0715   β(28,34) = 0.0177    

β(28,35) = 0.0616   β(28,36) = 0.0081   β(28,37) = -0.0233   β(28,38) = -0.0122    

β(29,1) = -0.0981   β(29,2) = -0.7546   β(29,3) = -0.0126   β(29,4) = -0.5890    

β(29,5) = -0.1219   β(29,6) = -0.0371   β(29,8) = -0.0166   β(29,9) = -0.0184    
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β(29,11) = -0.0112   β(29,12) = -0.0332   β(29,13) = -0.0167   β(29,14) = -0.0370    

β(29,15) = 0.0038   β(29,21) = -0.0246   β(29,22) = 0.1853   β(29,23) = 0.4890    

β(29,24) = 0.0083   β(29,26) = 0.0013   β(29,27) = 0.0029   β(29,28) = 0.0055    

β(29,29) = -0.0083   β(29,30) = -0.0077   β(29,31) = 0.0218   β(29,32) = 0.0448    

β(29,33) = 0.0419   β(29,34) = 0.0616   β(29,35) = -0.0513   β(29,36) = 0.0045    

β(29,37) = -0.0122   β(29,38) = 0.0023   β(30,1) = -0.0477   β(30,2) = -0.0102    

β(30,3) = 0.0063   β(30,4) = 0.0158   β(30,5) = -0.0285   β(30,6) = 0.4999    

β(30,7) = -0.3272   β(30,8) = -0.1882   β(30,9) = -0.4033   β(30,10) = -0.6979    

β(30,11) = -0.0120   β(30,12) = 0.0152   β(30,13) = -0.0040   β(30,14) = 0.0258    

β(30,15) = 0.0155   β(30,16) = -0.0120   β(30,17) = 0.0041   β(30,18) = 0.0151    

β(30,19) = 0.0003   β(30,20) = 0.0302   β(30,21) = -0.0946   β(30,22) = 0.0577    

β(30,23) = -0.0476   β(30,24) = -0.0944   β(30,25) = -0.0128   β(30,26) = 0.0746    

β(30,27) = -0.0020   β(30,28) = 0.0066   β(30,29) = 0.0041   β(30,30) = -0.0024    

β(30,31) = -0.0073   β(30,32) = -0.0042   β(30,33) = -0.0158   β(30,34) = 0.0080    

β(30,35) = 0.0048   β(30,36) = -0.0391   β(30,37) = 0.0715   β(30,38) = 0.0419    

β(31,1) = -0.0322   β(31,2) = -0.0094   β(31,3) = 0.0116   β(31,4) = -0.0291    

β(31,5) = -0.0346   β(31,6) = -0.1689   β(31,7) = -0.8861   β(31,8) = -0.7557    

β(31,9) = -0.1212   β(31,10) = -0.7308   β(31,11) = -0.0222   β(31,12) = -0.0270    

β(31,13) = -0.0274   β(31,14) = 0.0381   β(31,15) = -0.0294   β(31,16) = -0.0246    

β(31,17) = -0.0176   β(31,18) = 0.0099   β(31,19) = -0.0266   β(31,20) = 0.0298    

β(31,21) = -0.0577   β(31,22) = 0.6769   β(31,23) = -0.1397   β(31,24) = -0.0691    

β(31,25) = 0.1133   β(31,26) = 0.4660   β(31,27) = -0.0066   β(31,28) = 0.0620    

β(31,29) = -0.0080   β(31,30) = 0.0050   β(31,31) = -0.0019   β(31,32) = 0.0054    

β(31,33) = 0.0080   β(31,34) = -0.0146   β(31,35) = -0.0171   β(31,36) = 0.0715    

β(31,37) = 0.0177   β(31,38) = 0.0616   β(32,1) = 0.0188   β(32,2) = 0.0116    

β(32,3) = 0.0035   β(32,4) = -0.0673   β(32,5) = -0.0291   β(32,6) = -0.0981    

β(32,7) = -0.7546   β(32,8) = -0.0126   β(32,9) = -0.5890   β(32,10) = -0.1219    

β(32,11) = -0.0156   β(32,12) = 0.0151   β(32,13) = -0.0072   β(32,14) = 0.0226    

β(32,15) = 0.0079   β(32,16) = -0.0112   β(32,17) = -0.0332   β(32,18) = -0.0167    

β(32,19) = -0.0370   β(32,20) = 0.0038   β(32,21) = -0.0476   β(32,22) = 0.1397    

β(32,23) = -0.0745   β(32,24) = -0.0246   β(32,25) = 0.1853   β(32,26) = 0.4890    

β(32,27) = 0.0041   β(32,28) = 0.0080   β(32,29) = -0.0068   β(32,30) = 0.0029    
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β(32,31) = 0.0055   β(32,32) = -0.0083   β(32,33) = 0.0048   β(32,34) = -0.0171    

β(32,35) = -0.0062   β(32,36) = 0.0419   β(32,37) = 0.0616   β(32,38) = -0.0513    

β(33,1) = 0.0477   β(33,2) = -0.0102   β(33,3) = -0.0063   β(33,4) = -0.0158    

β(33,5) = -0.0285   β(33,6) = 0.0119   β(33,7) = 0.0111   β(33,8) = 0.0112    

β(33,9) = 0.0264   β(33,10) = -0.0146   β(33,21) = -0.0159   β(33,22) = 0.0002    

β(33,23) = -0.0094   β(33,33) = -0.0024   β(33,34) = 0.0050   β(33,35) = 0.0029    

β(33,36) = -0.0020   β(33,37) = 0.0003   β(33,38) = -0.0077   β(34,1) = -0.0322    

β(34,2) = 0.0094   β(34,3) = 0.0116   β(34,4) = -0.0291   β(34,5) = 0.0346    

β(34,6) = 0.0023   β(34,7) = 0.0067   β(34,8) = 0.0268   β(34,9) = 0.0189    

β(34,10) = 0.0106   β(34,21) = 0.0002   β(34,22) = 0.0065   β(34,23) = 0.0049    

β(34,33) = -0.0073   β(34,34) = -0.0019   β(34,35) = 0.0055   β(34,36) = 0.0068    

β(34,37) = 0.0104   β(34,38) = 0.0218   β(35,1) = -0.0188   β(35,2) = 0.0116    

β(35,3) = -0.0035   β(35,4) = 0.0673   β(35,5) = -0.0291   β(35,6) = -0.0273    

β(35,7) = -0.0163   β(35,8) = 0.0271   β(35,9) = -0.0042   β(35,10) = 0.0499    

β(35,21) = -0.0094   β(35,22) = 0.0049   β(35,23) = -0.0274   β(35,33) = -0.0042    

β(35,34) = 0.0054   β(35,35) = -0.0083   β(35,36) = 0.0037   β(35,37) = 0.0379    

β(35,38) = 0.0448   β(36,1) = 0.0120   β(36,2) = 0.0152   β(36,3) = 0.0040    

β(36,4) = -0.0258   β(36,5) = 0.0155   β(36,6) = 0.0477   β(36,7) = -0.0102    

β(36,8) = -0.0063   β(36,9) = -0.0158   β(36,10) = -0.0285   β(36,21) = -0.0158    

β(36,22) = -0.0080   β(36,23) = 0.0048   β(36,24) = -0.0159   β(36,25) = 0.0002    

β(36,26) = -0.0094   β(36,33) = -0.0020   β(36,34) = -0.0066   β(36,35) = 0.0041    

β(36,36) = -0.0024   β(36,37) = 0.0050   β(36,38) = 0.0029   β(37,1) = -0.0222    

β(37,2) = 0.0270   β(37,3) = -0.0274   β(37,4) = 0.0381   β(37,5) = 0.0294    

β(37,6) = -0.0322   β(37,7) = 0.0094   β(37,8) = 0.0116   β(37,9) = -0.0291    

β(37,10) = 0.0346   β(37,21) = -0.0080   β(37,22) = -0.0146   β(37,23) = 0.0171    

β(37,24) = 0.0002   β(37,25) = 0.0065   β(37,26) = 0.0049   β(37,33) = 0.0066    

β(37,34) = 0.0620   β(37,35) = 0.0080   β(37,36) = -0.0073   β(37,37) = -0.0019    

β(37,38) = 0.0055   β(38,1) = 0.0156   β(38,2) = 0.0151   β(38,3) = 0.0072    

β(38,4) = -0.0226   β(38,5) = 0.0079   β(38,6) = -0.0188   β(38,7) = 0.0116    

β(38,8) = -0.0035   β(38,9) = 0.0673   β(38,10) = -0.0291   β(38,21) = 0.0048    

β(38,22) = 0.0171   β(38,23) = -0.0062   β(38,24) = -0.0094   β(38,25) = 0.0049    

β(38,26) = -0.0274   β(38,33) = 0.0041   β(38,34) = -0.0080   β(38,35) = -0.0068    
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β(38,36) = -0.0042   β(38,37) = 0.0054   β(38,38) = -0.0083   β(39,1) = -0.4999    

β(39,2) = -0.3272   β(39,3) = 0.1882   β(39,4) = 0.4033   β(39,5) = -0.6979    

β(39,6) = -0.5004   β(39,8) = -0.3737   β(39,9) = -0.8049   β(39,11) = 0.0477    

β(39,12) = -0.0102   β(39,13) = -0.0063   β(39,14) = -0.0158   β(39,15) = -0.0285    

β(39,16) = 0.0119   β(39,17) = 0.0111   β(39,18) = 0.0112   β(39,19) = 0.0264    

β(39,20) = -0.0146   β(39,21) = 0.5451   β(39,22) = -0.5100   β(39,23) = -0.2962    

β(39,24) = -0.0393   β(39,26) = -0.0817   β(39,27) = -0.0158   β(39,28) = -0.0080    

β(39,29) = 0.0048   β(39,30) = -0.0159   β(39,31) = 0.0002   β(39,32) = -0.0094    

β(39,33) = -0.0946   β(39,34) = -0.0577   β(39,35) = -0.0476   β(39,36) = -0.0944    

β(39,37) = -0.0691   β(39,38) = -0.0246   β(39,39) = -0.0024   β(39,40) = 0.0050    

β(39,41) = 0.0029   β(39,42) = -0.0020   β(39,43) = 0.0003   β(39,44) = -0.0077    

β(40,1) = -0.1689   β(40,2) = 0.8861   β(40,3) = -0.7557   β(40,4) = -0.1212    

β(40,5) = 0.7308   β(40,7) = -0.4231   β(40,10) = 0.5209   β(40,11) = -0.0322    

β(40,12) = 0.0094   β(40,13) = 0.0116   β(40,14) = -0.0291   β(40,15) = 0.0346    

β(40,16) = 0.0023   β(40,17) = 0.0067   β(40,18) = 0.0268   β(40,19) = 0.0189    

β(40,20) = 0.0106   β(40,21) = -0.5100   β(40,22) = 0.2504   β(40,23) = 0.3690    

β(40,25) = -0.0857   β(40,27) = -0.0080   β(40,28) = -0.0146   β(40,29) = 0.0171    

β(40,30) = 0.0002   β(40,31) = 0.0065   β(40,32) = 0.0049   β(40,33) = 0.0577    

β(40,34) = 0.6769   β(40,35) = 0.1397   β(40,36) = -0.0128   β(40,37) = 0.1133    

β(40,38) = 0.1853   β(40,39) = -0.0073   β(40,40) = -0.0019   β(40,41) = 0.0055    

β(40,42) = 0.0068   β(40,43) = 0.0104   β(40,44) = 0.0218   β(41,1) = 0.0981    

β(41,2) = -0.7546   β(41,3) = 0.0126   β(41,4) = 0.5890   β(41,5) = -0.1219    

β(41,6) = -0.1951   β(41,8) = 1.3227   β(41,9) = 0.8045   β(41,11) = -0.0188    

β(41,12) = 0.0116   β(41,13) = -0.0035   β(41,14) = 0.0673   β(41,15) = -0.0291    

β(41,16) = -0.0273   β(41,17) = -0.0163   β(41,18) = 0.0271   β(41,19) = -0.0042    

β(41,20) = 0.0499   β(41,21) = -0.2962   β(41,22) = 0.3690   β(41,23) = -0.1736    

β(41,24) = -0.0817   β(41,26) = 0.0523   β(41,27) = 0.0048   β(41,28) = 0.0171    

β(41,29) = -0.0062   β(41,30) = -0.0094   β(41,31) = 0.0049   β(41,32) = -0.0274    

β(41,33) = -0.0476   β(41,34) = -0.1397   β(41,35) = -0.0745   β(41,36) = 0.0746    

β(41,37) = 0.4660   β(41,38) = 0.4890   β(41,39) = -0.0042   β(41,40) = 0.0054    

β(41,41) = -0.0083   β(41,42) = 0.0037   β(41,43) = 0.0379   β(41,44) = 0.0448    

β(42,1) = 0.0120   β(42,2) = 0.0041   β(42,3) = -0.0151   β(42,4) = -0.0003    



 

 85 

β(42,5) = 0.0302   β(42,6) = -0.4999   β(42,7) = -0.3272   β(42,8) = 0.1882    

β(42,9) = 0.4033   β(42,10) = -0.6979   β(42,11) = 0.0120   β(42,12) = 0.0152    

β(42,13) = 0.0040   β(42,14) = -0.0258   β(42,15) = 0.0155   β(42,16) = 0.0477    

β(42,17) = -0.0102   β(42,18) = -0.0063   β(42,19) = -0.0158   β(42,20) = -0.0285    

β(42,21) = -0.0391   β(42,22) = -0.0715   β(42,23) = 0.0419   β(42,24) = 0.5451    

β(42,25) = -0.5100   β(42,26) = -0.2962   β(42,30) = -0.0158   β(42,31) = -0.0080    

β(42,32) = 0.0048   β(42,33) = -0.0024   β(42,34) = 0.0073   β(42,35) = -0.0042    

β(42,36) = -0.0946   β(42,37) = -0.0577   β(42,38) = -0.0476   β(42,39) = -0.0020    

β(42,40) = -0.0066   β(42,41) = 0.0041   β(42,42) = -0.0024   β(42,43) = 0.0050    

β(42,44) = 0.0029   β(43,1) = -0.0246   β(43,2) = 0.0176   β(43,3) = 0.0099    

β(43,4) = -0.0266   β(43,5) = -0.0298   β(43,6) = -0.1689   β(43,7) = 0.8861    

β(43,8) = -0.7557   β(43,9) = -0.1212   β(43,10) = 0.7308   β(43,11) = -0.0222    

β(43,12) = 0.0270   β(43,13) = -0.0274   β(43,14) = 0.0381   β(43,15) = 0.0294    

β(43,16) = -0.0322   β(43,17) = 0.0094   β(43,18) = 0.0116   β(43,19) = -0.0291    

β(43,20) = 0.0346   β(43,21) = -0.0715   β(43,22) = 0.0177   β(43,23) = -0.0616    

β(43,24) = -0.5100   β(43,25) = 0.2504   β(43,26) = 0.3690   β(43,30) = -0.0080    

β(43,31) = -0.0146   β(43,32) = 0.0171   β(43,33) = -0.0050   β(43,34) = -0.0019    

β(43,35) = -0.0054   β(43,36) = 0.0577   β(43,37) = 0.6769   β(43,38) = 0.1397    

β(43,39) = 0.0066   β(43,40) = 0.0620   β(43,41) = 0.0080   β(43,42) = -0.0073    

β(43,43) = -0.0019   β(43,44) = 0.0055   β(44,1) = 0.0112   β(44,2) = -0.0332    

β(44,3) = 0.0167   β(44,4) = 0.0370   β(44,5) = 0.0038   β(44,6) = 0.0981    

β(44,7) = -0.7546   β(44,8) = 0.0126   β(44,9) = 0.5890   β(44,10) = -0.1219    

β(44,11) = 0.0156   β(44,12) = 0.0151   β(44,13) = 0.0072   β(44,14) = -0.0226    

β(44,15) = 0.0079   β(44,16) = -0.0188   β(44,17) = 0.0116   β(44,18) = -0.0035    

β(44,19) = 0.0673   β(44,20) = -0.0291   β(44,21) = 0.0419   β(44,22) = -0.0616    

β(44,23) = -0.0513   β(44,24) = -0.2962   β(44,25) = 0.3690   β(44,26) = -0.1736    

β(44,30) = 0.0048   β(44,31) = 0.0171   β(44,32) = -0.0062   β(44,33) = 0.0029    

β(44,34) = -0.0055   β(44,35) = -0.0083   β(44,36) = -0.0476   β(44,37) = -0.1397    

β(44,38) = -0.0745   β(44,39) = 0.0041   β(44,40) = -0.0080   β(44,41) = -0.0068    

β(44,42) = -0.0042   β(44,43) = 0.0054   β(44,44) = -0.0083 
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γ(1,1) = -0.0020   γ(1,2) = 0.0003   γ(1,3) = 0.0001   γ(1,4) = -0.0024    

γ(1,5) = -0.0040   γ(2,1) = 0.0003   γ(2,2) = -0.0020   γ(2,3) = -0.0081    

γ(2,4) = -0.0048   γ(2,5) = 0.0030   γ(3,1) = 0.0001   γ(3,2) = -0.0081    

γ(3,3) = 0.0074   γ(3,4) = 0.0085   γ(3,5) = -0.0048   γ(4,1) = -0.0024    

γ(4,2) = -0.0048   γ(4,3) = 0.0085   γ(4,4) = 0.0053   γ(4,5) = -0.0086    

γ(5,1) = -0.0040   γ(5,2) = 0.0030   γ(5,3) = -0.0048   γ(5,4) = -0.0086    

γ(5,5) = -0.0045   γ(6,1) = -0.0158   γ(6,2) = 0.0599   γ(6,3) = 0.0339    

γ(6,4) = -0.0276   γ(6,5) = -0.0467   γ(6,6) = -0.0020   γ(6,7) = 0.0003    

γ(6,8) = 0.0001   γ(6,9) = -0.0024   γ(6,10) = -0.0040   γ(6,11) = -0.0066    

γ(6,13) = -0.0030   γ(6,14) = -0.0066   γ(6,21) = -0.0119   γ(6,22) = 0.0023    

γ(6,23) = 0.0273   γ(6,27) = -0.0119   γ(6,28) = -0.0023   γ(6,29) = 0.0273    

γ(6,33) = 0.0480   γ(6,35) = 0.0371   γ(7,1) = 0.0599   γ(7,2) = -0.0576    

γ(7,3) = 0.0377   γ(7,4) = 0.1053   γ(7,5) = 0.0294   γ(7,6) = 0.0003    

γ(7,7) = -0.0020   γ(7,8) = -0.0081   γ(7,9) = -0.0048   γ(7,10) = 0.0030    

γ(7,12) = 0.0033   γ(7,15) = -0.0034   γ(7,21) = 0.0111   γ(7,22) = -0.0067    

γ(7,23) = -0.0163   γ(7,27) = -0.0111   γ(7,28) = -0.0067   γ(7,29) = 0.0163    

γ(7,34) = -0.0107   γ(8,1) = 0.0339   γ(8,2) = 0.0377   γ(8,3) = -0.1002    

γ(8,4) = -0.0914   γ(8,5) = 0.1033   γ(8,6) = 0.0001   γ(8,7) = -0.0081    

γ(8,8) = 0.0074   γ(8,9) = 0.0085   γ(8,10) = -0.0048   γ(8,11) = -0.0030    

γ(8,13) = 0.0010   γ(8,14) = -0.0036   γ(8,21) = -0.0112   γ(8,22) = 0.0268    

γ(8,23) = -0.0271   γ(8,27) = -0.0112   γ(8,28) = -0.0268   γ(8,29) = -0.0271    

γ(8,33) = 0.0126   γ(8,35) = 0.0166   γ(9,1) = -0.0276   γ(9,2) = 0.1053    

γ(9,3) = -0.0914   γ(9,4) = -0.0548   γ(9,5) = 0.0079   γ(9,6) = -0.0024    

γ(9,7) = -0.0048   γ(9,8) = 0.0085   γ(9,9) = 0.0053   γ(9,10) = -0.0086    

γ(9,11) = -0.0066   γ(9,13) = -0.0036   γ(9,14) = -0.0052   γ(9,21) = -0.0264    

γ(9,22) = 0.0189   γ(9,23) = 0.0042   γ(9,27) = -0.0264   γ(9,28) = -0.0189    

γ(9,29) = 0.0042   γ(9,33) = 0.0335   γ(9,35) = 0.0184   γ(10,1) = -0.0467    

γ(10,2) = 0.0294   γ(10,3) = 0.1033   γ(10,4) = 0.0079   γ(10,5) = -0.0442    

γ(10,6) = -0.0040   γ(10,7) = 0.0030   γ(10,8) = -0.0048   γ(10,9) = -0.0086    

γ(10,10) = -0.0045   γ(10,12) = -0.0034   γ(10,15) = 0.0125   γ(10,21) = -0.0146    

γ(10,22) = -0.0106   γ(10,23) = 0.0499   γ(10,27) = 0.0146   γ(10,28) = -0.0106    

γ(10,29) = -0.0499   γ(10,34) = 0.0838   γ(11,1) = -0.0066   γ(11,2) = -0.0025    
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γ(11,3) = 0.0015   γ(11,4) = 0.0032   γ(11,5) = -0.0056   γ(11,11) = -0.0020    

γ(11,12) = 0.0003   γ(11,13) = 0.0001   γ(11,14) = -0.0024   γ(11,15) = -0.0040    

γ(11,27) = -0.0119   γ(11,28) = 0.0023   γ(11,29) = 0.0273   γ(11,33) = 0.0120    

γ(11,34) = -0.0246   γ(11,35) = 0.0112   γ(12,1) = -0.0025   γ(12,2) = 0.0016    

γ(12,3) = 0.0010   γ(12,5) = -0.0035   γ(12,11) = 0.0003   γ(12,12) = -0.0020    

γ(12,13) = -0.0081   γ(12,14) = -0.0048   γ(12,15) = 0.0030   γ(12,27) = 0.0111    

γ(12,28) = -0.0067   γ(12,29) = -0.0163   γ(12,33) = 0.0041   γ(12,34) = 0.0176    

γ(12,35) = -0.0332   γ(13,1) = 0.0015   γ(13,2) = 0.0010   γ(13,3) = 0.0027    

γ(13,4) = -0.0035   γ(13,11) = 0.0001   γ(13,12) = -0.0081   γ(13,13) = 0.0074    

γ(13,14) = 0.0085   γ(13,15) = -0.0048   γ(13,27) = -0.0112   γ(13,28) = 0.0268    

γ(13,29) = -0.0271   γ(13,33) = -0.0151   γ(13,34) = 0.0099   γ(13,35) = 0.0167    

γ(14,1) = 0.0032   γ(14,3) = -0.0035   γ(14,4) = 0.0082   γ(14,5) = 0.0076    

γ(14,11) = -0.0024   γ(14,12) = -0.0048   γ(14,13) = 0.0085   γ(14,14) = 0.0053    

γ(14,15) = -0.0086   γ(14,27) = -0.0264   γ(14,28) = 0.0189   γ(14,29) = 0.0042    

γ(14,33) = -0.0003   γ(14,34) = -0.0266   γ(14,35) = 0.0370   γ(15,1) = -0.0056    

γ(15,2) = -0.0035   γ(15,4) = 0.0076   γ(15,5) = -0.0007   γ(15,11) = -0.0040    

γ(15,12) = 0.0030   γ(15,13) = -0.0048   γ(15,14) = -0.0086   γ(15,15) = -0.0045    

γ(15,27) = -0.0146   γ(15,28) = -0.0106   γ(15,29) = 0.0499   γ(15,33) = 0.0302    

γ(15,34) = -0.0298   γ(15,35) = 0.0038   γ(16,1) = -0.0160   γ(16,3) = -0.0687    

γ(16,4) = 0.0534   γ(16,6) = -0.0066   γ(16,7) = -0.0025   γ(16,8) = 0.0015    

γ(16,9) = 0.0032   γ(16,10) = -0.0056   γ(16,11) = -0.0158   γ(16,12) = 0.0599    

γ(16,13) = 0.0339   γ(16,14) = -0.0276   γ(16,15) = -0.0467   γ(16,16) = -0.0020    

γ(16,17) = 0.0003   γ(16,18) = 0.0001   γ(16,19) = -0.0024   γ(16,20) = -0.0040    

γ(16,21) = -0.0477   γ(16,22) = -0.0322   γ(16,23) = 0.0188   γ(16,27) = 0.5004    

γ(16,29) = 0.1951   γ(16,30) = -0.0119   γ(16,31) = 0.0023   γ(16,32) = 0.0273    

γ(16,33) = -0.4999   γ(16,34) = -0.1689   γ(16,35) = 0.0981   γ(16,36) = 0.0120    

γ(16,37) = -0.0246   γ(16,38) = 0.0112   γ(16,39) = 0.0480   γ(16,41) = 0.0371    

γ(17,2) = -0.1220   γ(17,5) = -0.1535   γ(17,6) = -0.0025   γ(17,7) = 0.0016    

γ(17,8) = 0.0010   γ(17,10) = -0.0035   γ(17,11) = 0.0599   γ(17,12) = -0.0576    

γ(17,13) = 0.0377   γ(17,14) = 0.1053   γ(17,15) = 0.0294   γ(17,16) = 0.0003    

γ(17,17) = -0.0020   γ(17,18) = -0.0081   γ(17,19) = -0.0048   γ(17,20) = 0.0030    

γ(17,21) = -0.0102   γ(17,22) = -0.0094   γ(17,23) = 0.0116   γ(17,28) = 0.4231    
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γ(17,30) = 0.0111   γ(17,31) = -0.0067   γ(17,32) = -0.0163   γ(17,33) = -0.3272    

γ(17,34) = 0.8861   γ(17,35) = -0.7546   γ(17,36) = 0.0041   γ(17,37) = 0.0176    

γ(17,38) = -0.0332   γ(17,40) = -0.0107   γ(18,1) = -0.0687   γ(18,3) = -0.0343    

γ(18,4) = 0.0885   γ(18,6) = 0.0015   γ(18,7) = 0.0010   γ(18,8) = 0.0027    

γ(18,9) = -0.0035   γ(18,11) = 0.0339   γ(18,12) = 0.0377   γ(18,13) = -0.1002    

γ(18,14) = -0.0914   γ(18,15) = 0.1033   γ(18,16) = 0.0001   γ(18,17) = -0.0081    

γ(18,18) = 0.0074   γ(18,19) = 0.0085   γ(18,20) = -0.0048   γ(18,21) = 0.0063    

γ(18,22) = 0.0116   γ(18,23) = 0.0035   γ(18,27) = 0.3737   γ(18,29) = -1.3227    

γ(18,30) = -0.0112   γ(18,31) = 0.0268   γ(18,32) = -0.0271   γ(18,33) = 0.1882    

γ(18,34) = -0.7557   γ(18,35) = 0.0126   γ(18,36) = -0.0151   γ(18,37) = 0.0099    

γ(18,38) = 0.0167   γ(18,39) = 0.0126   γ(18,41) = 0.0166   γ(19,1) = 0.0534    

γ(19,3) = 0.0885   γ(19,4) = -0.0394   γ(19,6) = 0.0032   γ(19,8) = -0.0035    

γ(19,9) = 0.0082   γ(19,10) = 0.0076   γ(19,11) = -0.0276   γ(19,12) = 0.1053    

γ(19,13) = -0.0914   γ(19,14) = -0.0548   γ(19,15) = 0.0079   γ(19,16) = -0.0024    

γ(19,17) = -0.0048   γ(19,18) = 0.0085   γ(19,19) = 0.0053   γ(19,20) = -0.0086    

γ(19,21) = 0.0158   γ(19,22) = -0.0291   γ(19,23) = -0.0673   γ(19,27) = 0.8049    

γ(19,29) = -0.8045   γ(19,30) = -0.0264   γ(19,31) = 0.0189   γ(19,32) = 0.0042    

γ(19,33) = 0.4033   γ(19,34) = -0.1212   γ(19,35) = 0.5890   γ(19,36) = -0.0003    

γ(19,37) = -0.0266   γ(19,38) = 0.0370   γ(19,39) = 0.0335   γ(19,41) = 0.0184    

γ(20,2) = -0.1535   γ(20,5) = -0.0607   γ(20,6) = -0.0056   γ(20,7) = -0.0035    

γ(20,9) = 0.0076   γ(20,10) = -0.0007   γ(20,11) = -0.0467   γ(20,12) = 0.0294    

γ(20,13) = 0.1033   γ(20,14) = 0.0079   γ(20,15) = -0.0442   γ(20,16) = -0.0040    

γ(20,17) = 0.0030   γ(20,18) = -0.0048   γ(20,19) = -0.0086   γ(20,20) = -0.0045    

γ(20,21) = -0.0285   γ(20,22) = -0.0346   γ(20,23) = -0.0291   γ(20,28) = -0.5209    

γ(20,30) = -0.0146   γ(20,31) = -0.0106   γ(20,32) = 0.0499   γ(20,33) = -0.6979    

γ(20,34) = 0.7308   γ(20,35) = -0.1219   γ(20,36) = 0.0302   γ(20,37) = -0.0298    

γ(20,38) = 0.0038   γ(20,40) = 0.0838   γ(21,1) = -0.0120   γ(21,2) = -0.0041    

γ(21,3) = 0.0152   γ(21,4) = 0.0003   γ(21,5) = -0.0302   γ(21,21) = -0.0020    

γ(21,22) = -0.0068   γ(21,23) = 0.0037   γ(21,27) = -0.0024   γ(21,29) = -0.0057    

γ(21,33) = -0.0159   γ(21,34) = -0.0081   γ(21,35) = 0.0045   γ(22,1) = 0.0246    

γ(22,2) = -0.0176   γ(22,3) = -0.0099   γ(22,4) = 0.0266   γ(22,5) = 0.0298    

γ(22,21) = -0.0003   γ(22,22) = 0.0104   γ(22,23) = -0.0379   γ(22,28) = -0.0115    
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γ(22,33) = -0.0081   γ(22,34) = -0.0233   γ(22,35) = 0.0122   γ(23,1) = -0.0112    

γ(23,2) = 0.0332   γ(23,3) = -0.0167   γ(23,4) = -0.0370   γ(23,5) = -0.0038    

γ(23,21) = -0.0077   γ(23,22) = -0.0218   γ(23,23) = 0.0448   γ(23,27) = 0.0083    

γ(23,29) = 0.0013   γ(23,33) = 0.0045   γ(23,34) = 0.0122   γ(23,35) = 0.0023    

γ(24,1) = 0.4999   γ(24,2) = 0.3272   γ(24,3) = -0.1882   γ(24,4) = -0.4033    

γ(24,5) = 0.6979   γ(24,6) = -0.0120   γ(24,7) = -0.0041   γ(24,8) = 0.0152    

γ(24,9) = 0.0003   γ(24,10) = -0.0302   γ(24,11) = -0.0480   γ(24,13) = -0.0126    

γ(24,14) = -0.0335   γ(24,21) = -0.0944   γ(24,22) = 0.0128   γ(24,23) = 0.0746    

γ(24,24) = -0.0020   γ(24,25) = -0.0068   γ(24,26) = 0.0037   γ(24,27) = -0.0944    

γ(24,28) = -0.0128   γ(24,29) = 0.0746   γ(24,30) = -0.0024   γ(24,32) = -0.0057    

γ(24,33) = 0.5479   γ(24,35) = 0.5890   γ(24,36) = -0.0159   γ(24,37) = -0.0081    

γ(24,38) = 0.0045   γ(24,39) = -0.0159   γ(24,40) = 0.0081   γ(24,41) = 0.0045    

γ(25,1) = 0.1689   γ(25,2) = -0.8861   γ(25,3) = 0.7557   γ(25,4) = 0.1212    

γ(25,5) = -0.7308   γ(25,6) = 0.0246   γ(25,7) = -0.0176   γ(25,8) = -0.0099    

γ(25,9) = 0.0266   γ(25,10) = 0.0298   γ(25,12) = 0.0107   γ(25,15) = -0.0838    

γ(25,21) = 0.0691   γ(25,22) = 0.1133   γ(25,23) = -0.4660   γ(25,24) = -0.0003    

γ(25,25) = 0.0104   γ(25,26) = -0.0379   γ(25,27) = -0.0691   γ(25,28) = 0.1133    

γ(25,29) = 0.4660   γ(25,31) = -0.0115   γ(25,34) = -0.3864   γ(25,36) = -0.0081    

γ(25,37) = -0.0233   γ(25,38) = 0.0122   γ(25,39) = 0.0081   γ(25,40) = -0.0233    

γ(25,41) = -0.0122   γ(26,1) = -0.0981   γ(26,2) = 0.7546   γ(26,3) = -0.0126    

γ(26,4) = -0.5890   γ(26,5) = 0.1219   γ(26,6) = -0.0112   γ(26,7) = 0.0332    

γ(26,8) = -0.0167   γ(26,9) = -0.0370   γ(26,10) = -0.0038   γ(26,11) = -0.0371    

γ(26,13) = -0.0166   γ(26,14) = -0.0184   γ(26,21) = -0.0246   γ(26,22) = -0.1853    

γ(26,23) = 0.4890   γ(26,24) = -0.0077   γ(26,25) = -0.0218   γ(26,26) = 0.0448    

γ(26,27) = -0.0246   γ(26,28) = 0.1853   γ(26,29) = 0.4890   γ(26,30) = 0.0083    

γ(26,32) = 0.0013   γ(26,33) = 0.5890   γ(26,35) = 0.4612   γ(26,36) = 0.0045    

γ(26,37) = 0.0122   γ(26,38) = 0.0023   γ(26,39) = 0.0045   γ(26,40) = -0.0122    

γ(26,41) = 0.0023   γ(27,27) = -0.0020   γ(27,28) = -0.0068   γ(27,29) = 0.0037    

γ(28,27) = -0.0003   γ(28,28) = 0.0104   γ(28,29) = -0.0379   γ(29,27) = -0.0077    

γ(29,28) = -0.0218   γ(29,29) = 0.0448   γ(30,1) = -0.0120   γ(30,2) = -0.0152    

γ(30,3) = -0.0040   γ(30,4) = 0.0258   γ(30,5) = -0.0155   γ(30,11) = -0.0120    

γ(30,12) = -0.0041   γ(30,13) = 0.0152   γ(30,14) = 0.0003   γ(30,15) = -0.0302    
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γ(30,21) = -0.0024   γ(30,22) = 0.0073   γ(30,23) = -0.0042   γ(30,27) = -0.0944    

γ(30,28) = 0.0128   γ(30,29) = 0.0746   γ(30,30) = -0.0020   γ(30,31) = -0.0068    

γ(30,32) = 0.0037   γ(30,33) = -0.0391   γ(30,34) = -0.0715   γ(30,35) = 0.0419    

γ(30,39) = -0.0159   γ(30,40) = -0.0081   γ(30,41) = 0.0045   γ(31,1) = 0.0222    

γ(31,2) = -0.0270   γ(31,3) = 0.0274   γ(31,4) = -0.0381   γ(31,5) = -0.0294    

γ(31,11) = 0.0246   γ(31,12) = -0.0176   γ(31,13) = -0.0099   γ(31,14) = 0.0266    

γ(31,15) = 0.0298   γ(31,21) = -0.0050   γ(31,22) = -0.0019   γ(31,23) = -0.0054    

γ(31,27) = 0.0691   γ(31,28) = 0.1133   γ(31,29) = -0.4660   γ(31,30) = -0.0003    

γ(31,31) = 0.0104   γ(31,32) = -0.0379   γ(31,33) = -0.0715   γ(31,34) = 0.0177    

γ(31,35) = -0.0616   γ(31,39) = -0.0081   γ(31,40) = -0.0233   γ(31,41) = 0.0122    

γ(32,1) = -0.0156   γ(32,2) = -0.0151   γ(32,3) = -0.0072   γ(32,4) = 0.0226    

γ(32,5) = -0.0079   γ(32,11) = -0.0112   γ(32,12) = 0.0332   γ(32,13) = -0.0167    

γ(32,14) = -0.0370   γ(32,15) = -0.0038   γ(32,21) = 0.0029   γ(32,22) = -0.0055    

γ(32,23) = -0.0083   γ(32,27) = -0.0246   γ(32,28) = -0.1853   γ(32,29) = 0.4890    

γ(32,30) = -0.0077   γ(32,31) = -0.0218   γ(32,32) = 0.0448   γ(32,33) = 0.0419    

γ(32,34) = -0.0616   γ(32,35) = -0.0513   γ(32,39) = 0.0045   γ(32,40) = 0.0122    

γ(32,41) = 0.0023   γ(33,33) = -0.0020   γ(33,34) = -0.0003   γ(33,35) = -0.0077    

γ(34,33) = -0.0068   γ(34,34) = 0.0104   γ(34,35) = -0.0218   γ(35,33) = 0.0037    

γ(35,34) = -0.0379   γ(35,35) = 0.0448   γ(36,1) = 0.0477   γ(36,2) = 0.0102    

γ(36,3) = -0.0063   γ(36,4) = -0.0158   γ(36,5) = 0.0285   γ(36,11) = 0.0119    

γ(36,12) = -0.0111   γ(36,13) = 0.0112   γ(36,14) = 0.0264   γ(36,15) = 0.0146    

γ(36,21) = -0.0159   γ(36,22) = -0.0002   γ(36,23) = -0.0094   γ(36,27) = -0.0393    

γ(36,29) = -0.0817   γ(36,33) = -0.0944   γ(36,34) = 0.0691   γ(36,35) = -0.0246    

γ(36,36) = -0.0020   γ(36,37) = -0.0003   γ(36,38) = -0.0077   γ(36,39) = -0.0024    

γ(36,41) = 0.0083   γ(37,1) = 0.0322   γ(37,2) = 0.0094   γ(37,3) = -0.0116    

γ(37,4) = 0.0291   γ(37,5) = 0.0346   γ(37,11) = -0.0023   γ(37,12) = 0.0067    

γ(37,13) = -0.0268   γ(37,14) = -0.0189   γ(37,15) = 0.0106   γ(37,21) = -0.0002    

γ(37,22) = 0.0065   γ(37,23) = -0.0049   γ(37,28) = -0.0857   γ(37,33) = 0.0128    

γ(37,34) = 0.1133   γ(37,35) = -0.1853   γ(37,36) = -0.0068   γ(37,37) = 0.0104    

γ(37,38) = -0.0218   γ(37,40) = -0.0115   γ(38,1) = -0.0188   γ(38,2) = -0.0116    

γ(38,3) = -0.0035   γ(38,4) = 0.0673   γ(38,5) = 0.0291   γ(38,11) = -0.0273    

γ(38,12) = 0.0163   γ(38,13) = 0.0271   γ(38,14) = -0.0042   γ(38,15) = -0.0499    
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γ(38,21) = -0.0094   γ(38,22) = -0.0049   γ(38,23) = -0.0274   γ(38,27) = -0.0817    

γ(38,29) = 0.0523   γ(38,33) = 0.0746   γ(38,34) = -0.4660   γ(38,35) = 0.4890    

γ(38,36) = 0.0037   γ(38,37) = -0.0379   γ(38,38) = 0.0448   γ(38,39) = -0.0057    

γ(38,41) = 0.0013   γ(39,27) = -0.0159   γ(39,28) = -0.0002   γ(39,29) = -0.0094    

γ(39,33) = -0.0024   γ(39,34) = -0.0050   γ(39,35) = 0.0029   γ(39,39) = -0.0020    

γ(39,40) = -0.0003   γ(39,41) = -0.0077   γ(40,27) = -0.0002   γ(40,28) = 0.0065    

γ(40,29) = -0.0049   γ(40,33) = 0.0073   γ(40,34) = -0.0019   γ(40,35) = -0.0055    

γ(40,39) = -0.0068   γ(40,40) = 0.0104   γ(40,41) = -0.0218   γ(41,27) = -0.0094    

γ(41,28) = -0.0049   γ(41,29) = -0.0274   γ(41,33) = -0.0042   γ(41,34) = -0.0054    

γ(41,35) = -0.0083   γ(41,39) = 0.0037   γ(41,40) = -0.0379   γ(41,41) = 0.0448    

γ(42,1) = 0.0120   γ(42,2) = -0.0152   γ(42,3) = 0.0040   γ(42,4) = -0.0258    

γ(42,5) = -0.0155   γ(42,11) = 0.0477   γ(42,12) = 0.0102   γ(42,13) = -0.0063    

γ(42,14) = -0.0158   γ(42,15) = 0.0285   γ(42,21) = -0.0158   γ(42,22) = 0.0080    

γ(42,23) = 0.0048   γ(42,27) = 0.5451   γ(42,28) = 0.5100   γ(42,29) = -0.2962    

γ(42,30) = -0.0159   γ(42,31) = -0.0002   γ(42,32) = -0.0094   γ(42,33) = -0.0946    

γ(42,34) = 0.0577   γ(42,35) = -0.0476   γ(42,36) = -0.0024   γ(42,37) = -0.0050    

γ(42,38) = 0.0029   γ(42,39) = -0.0944   γ(42,40) = 0.0691   γ(42,41) = -0.0246    

γ(42,42) = -0.0020   γ(42,43) = -0.0003   γ(42,44) = -0.0077   γ(43,1) = 0.0222    

γ(43,2) = 0.0270   γ(43,3) = 0.0274   γ(43,4) = -0.0381   γ(43,5) = 0.0294    

γ(43,11) = 0.0322   γ(43,12) = 0.0094   γ(43,13) = -0.0116   γ(43,14) = 0.0291    

γ(43,15) = 0.0346   γ(43,21) = 0.0080   γ(43,22) = -0.0146   γ(43,23) = -0.0171    

γ(43,27) = 0.5100   γ(43,28) = 0.2504   γ(43,29) = -0.3690   γ(43,30) = -0.0002    

γ(43,31) = 0.0065   γ(43,32) = -0.0049   γ(43,33) = -0.0577   γ(43,34) = 0.6769    

γ(43,35) = -0.1397   γ(43,36) = 0.0073   γ(43,37) = -0.0019   γ(43,38) = -0.0055    

γ(43,39) = 0.0128   γ(43,40) = 0.1133   γ(43,41) = -0.1853   γ(43,42) = -0.0068    

γ(43,43) = 0.0104   γ(43,44) = -0.0218   γ(44,1) = 0.0156   γ(44,2) = -0.0151    

γ(44,3) = 0.0072   γ(44,4) = -0.0226   γ(44,5) = -0.0079   γ(44,11) = -0.0188    

γ(44,12) = -0.0116   γ(44,13) = -0.0035   γ(44,14) = 0.0673   γ(44,15) = 0.0291    

γ(44,21) = 0.0048   γ(44,22) = -0.0171   γ(44,23) = -0.0062   γ(44,27) = -0.2962    

γ(44,28) = -0.3690   γ(44,29) = -0.1736   γ(44,30) = -0.0094   γ(44,31) = -0.0049    

γ(44,32) = -0.0274   γ(44,33) = -0.0476   γ(44,34) = 0.1397   γ(44,35) = -0.0745    

γ(44,36) = -0.0042   γ(44,37) = -0.0054   γ(44,38) = -0.0083   γ(44,39) = 0.0746    
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γ(44,40) = -0.4660   γ(44,41) = 0.4890   γ(44,42) = 0.0037   γ(44,43) = -0.0379    

γ(44,44) = 0.0448 

 

 

δ1(6,1) = -0.0020   δ1(6,2) = -0.0003   δ1(6,3) = 0.0001   δ1(6,4) = -0.0024    

δ1(6,5) = 0.0040   δ1(7,1) = -0.0003   δ1(7,2) = -0.0020   δ1(7,3) = 0.0081    

δ1(7,4) = 0.0048   δ1(7,5) = 0.0030   δ1(8,1) = 0.0001   δ1(8,2) = 0.0081    

δ1(8,3) = 0.0074   δ1(8,4) = 0.0085   δ1(8,5) = 0.0048   δ1(9,1) = -0.0024    

δ1(9,2) = 0.0048   δ1(9,3) = 0.0085   δ1(9,4) = 0.0053   δ1(9,5) = 0.0086    

δ1(10,1) = 0.0040   δ1(10,2) = 0.0030   δ1(10,3) = 0.0048   δ1(10,4) = 0.0086    

δ1(10,5) = -0.0045   δ1(11,1) = -0.0066   δ1(11,3) = -0.0030   δ1(11,4) = -0.0066    

δ1(12,2) = 0.0033   δ1(12,5) = -0.0034   δ1(13,1) = -0.0030   δ1(13,3) = 0.0010    

δ1(13,4) = -0.0036   δ1(14,1) = -0.0066   δ1(14,3) = -0.0036   δ1(14,4) = -0.0052    

δ1(15,2) = -0.0034   δ1(15,5) = 0.0125   δ1(16,1) = -0.0158   δ1(16,2) = -0.0599    

δ1(16,3) = 0.0339   δ1(16,4) = -0.0276   δ1(16,5) = 0.0467   δ1(16,6) = -0.0066    

δ1(16,8) = -0.0030   δ1(16,9) = -0.0066   δ1(16,11) = -0.0020   δ1(16,12) = -0.0003    

δ1(16,13) = 0.0001   δ1(16,14) = -0.0024   δ1(16,15) = 0.0040   δ1(16,21) = -0.0119    

δ1(16,22) = -0.0023   δ1(16,23) = 0.0273   δ1(16,33) = 0.0120   δ1(16,34) = 0.0246    

δ1(16,35) = 0.0112   δ1(17,1) = -0.0599   δ1(17,2) = -0.0576   δ1(17,3) = -0.0377    

δ1(17,4) = -0.1053   δ1(17,5) = 0.0294   δ1(17,7) = 0.0033   δ1(17,10) = -0.0034    

δ1(17,11) = -0.0003   δ1(17,12) = -0.0020   δ1(17,13) = 0.0081   δ1(17,14) = 0.0048    

δ1(17,15) = 0.0030   δ1(17,21) = -0.0111   δ1(17,22) = -0.0067   δ1(17,23) = 0.0163    

δ1(17,33) = -0.0041   δ1(17,34) = 0.0176   δ1(17,35) = 0.0332   δ1(18,1) = 0.0339    

δ1(18,2) = -0.0377   δ1(18,3) = -0.1002   δ1(18,4) = -0.0914   δ1(18,5) = -0.1033    

δ1(18,6) = -0.0030   δ1(18,8) = 0.0010   δ1(18,9) = -0.0036   δ1(18,11) = 0.0001    

δ1(18,12) = 0.0081   δ1(18,13) = 0.0074   δ1(18,14) = 0.0085   δ1(18,15) = 0.0048    

δ1(18,21) = -0.0112   δ1(18,22) = -0.0268   δ1(18,23) = -0.0271   δ1(18,33) = -0.0151    

δ1(18,34) = -0.0099   δ1(18,35) = 0.0167   δ1(19,1) = -0.0276   δ1(19,2) = -0.1053    

δ1(19,3) = -0.0914   δ1(19,4) = -0.0548   δ1(19,5) = -0.0079   δ1(19,6) = -0.0066    

δ1(19,8) = -0.0036   δ1(19,9) = -0.0052   δ1(19,11) = -0.0024   δ1(19,12) = 0.0048    

δ1(19,13) = 0.0085   δ1(19,14) = 0.0053   δ1(19,15) = 0.0086   δ1(19,21) = -0.0264    

δ1(19,22) = -0.0189   δ1(19,23) = 0.0042   δ1(19,33) = -0.0003   δ1(19,34) = 0.0266    
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δ1(19,35) = 0.0370   δ1(20,1) = 0.0467   δ1(20,2) = 0.0294   δ1(20,3) = -0.1033    

δ1(20,4) = -0.0079   δ1(20,5) = -0.0442   δ1(20,7) = -0.0034   δ1(20,10) = 0.0125    

δ1(20,11) = 0.0040   δ1(20,12) = 0.0030   δ1(20,13) = 0.0048   δ1(20,14) = 0.0086    

δ1(20,15) = -0.0045   δ1(20,21) = 0.0146   δ1(20,22) = -0.0106   δ1(20,23) = -0.0499    

δ1(20,33) = -0.0302   δ1(20,34) = -0.0298   δ1(20,35) = -0.0038   δ1(24,1) = -0.0120    

δ1(24,2) = 0.0041   δ1(24,3) = 0.0151   δ1(24,4) = 0.0003   δ1(24,5) = 0.0302    

δ1(24,21) = -0.0020   δ1(24,22) = 0.0068   δ1(24,23) = 0.0037   δ1(25,1) = -0.0246    

δ1(25,2) = -0.0176   δ1(25,3) = 0.0099   δ1(25,4) = -0.0266   δ1(25,5) = 0.0298    

δ1(25,21) = 0.0003   δ1(25,22) = 0.0104   δ1(25,23) = 0.0379   δ1(26,1) = -0.0112    

δ1(26,2) = -0.0332   δ1(26,3) = -0.0167   δ1(26,4) = -0.0370   δ1(26,5) = 0.0038    

δ1(26,21) = -0.0077   δ1(26,22) = 0.0218   δ1(26,23) = 0.0448   δ1(30,1) = -0.0480    

δ1(30,3) = -0.0126   δ1(30,4) = -0.0335   δ1(30,21) = -0.0024   δ1(30,23) = -0.0057    

δ1(30,27) = -0.0020   δ1(30,28) = 0.0068   δ1(30,29) = 0.0037   δ1(30,33) = -0.0159    

δ1(30,34) = 0.0081   δ1(30,35) = 0.0045   δ1(31,2) = 0.0107   δ1(31,5) = -0.0838    

δ1(31,22) = -0.0115   δ1(31,27) = 0.0003   δ1(31,28) = 0.0104   δ1(31,29) = 0.0379    

δ1(31,33) = 0.0081   δ1(31,34) = -0.0233   δ1(31,35) = -0.0122   δ1(32,1) = -0.0371    

δ1(32,3) = -0.0166   δ1(32,4) = -0.0184   δ1(32,21) = 0.0083   δ1(32,23) = 0.0013    

δ1(32,27) = -0.0077   δ1(32,28) = 0.0218   δ1(32,29) = 0.0448   δ1(32,33) = 0.0045    

δ1(32,34) = -0.0122   δ1(32,35) = 0.0023   δ1(36,1) = 0.0119   δ1(36,2) = 0.0111    

δ1(36,3) = 0.0112   δ1(36,4) = 0.0264   δ1(36,5) = -0.0146   δ1(36,33) = -0.0020    

δ1(36,34) = 0.0003   δ1(36,35) = -0.0077   δ1(37,1) = 0.0023   δ1(37,2) = 0.0067    

δ1(37,3) = 0.0268   δ1(37,4) = 0.0189   δ1(37,5) = 0.0106   δ1(37,33) = 0.0068    

δ1(37,34) = 0.0104   δ1(37,35) = 0.0218   δ1(38,1) = -0.0273   δ1(38,2) = -0.0163    

δ1(38,3) = 0.0271   δ1(38,4) = -0.0042   δ1(38,5) = 0.0499   δ1(38,33) = 0.0037    

δ1(38,34) = 0.0379   δ1(38,35) = 0.0448   δ1(39,1) = 0.0119   δ1(39,2) = -0.0111    

δ1(39,3) = 0.0112   δ1(39,4) = 0.0264   δ1(39,5) = 0.0146   δ1(39,33) = -0.0024    

δ1(39,35) = 0.0083   δ1(40,1) = -0.0023   δ1(40,2) = 0.0067   δ1(40,3) = -0.0268    

δ1(40,4) = -0.0189   δ1(40,5) = 0.0106   δ1(40,34) = -0.0115   δ1(41,1) = -0.0273    

δ1(41,2) = 0.0163   δ1(41,3) = 0.0271   δ1(41,4) = -0.0042   δ1(41,5) = -0.0499    

δ1(41,33) = -0.0057   δ1(41,35) = 0.0013   δ1(42,1) = -0.5004   δ1(42,3) = -0.3737    

δ1(42,4) = -0.8049   δ1(42,6) = 0.0119   δ1(42,7) = -0.0111   δ1(42,8) = 0.0112    

δ1(42,9) = 0.0264   δ1(42,10) = 0.0146   δ1(42,11) = 0.0119   δ1(42,12) = 0.0111    
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δ1(42,13) = 0.0112   δ1(42,14) = 0.0264   δ1(42,15) = -0.0146   δ1(42,21) = -0.0393    

δ1(42,23) = -0.0817   δ1(42,27) = -0.0159   δ1(42,28) = 0.0002   δ1(42,29) = -0.0094    

δ1(42,33) = -0.0944   δ1(42,34) = -0.0691   δ1(42,35) = -0.0246   δ1(42,36) = -0.0024    

δ1(42,38) = 0.0083   δ1(42,39) = -0.0020   δ1(42,40) = 0.0003   δ1(42,41) = -0.0077    

δ1(43,2) = -0.4231   δ1(43,5) = 0.5209   δ1(43,6) = -0.0023   δ1(43,7) = 0.0067    

δ1(43,8) = -0.0268   δ1(43,9) = -0.0189   δ1(43,10) = 0.0106   δ1(43,11) = 0.0023    

δ1(43,12) = 0.0067   δ1(43,13) = 0.0268   δ1(43,14) = 0.0189   δ1(43,15) = 0.0106    

δ1(43,22) = -0.0857   δ1(43,27) = 0.0002   δ1(43,28) = 0.0065   δ1(43,29) = 0.0049    

δ1(43,33) = -0.0128   δ1(43,34) = 0.1133   δ1(43,35) = 0.1853   δ1(43,37) = -0.0115    

δ1(43,39) = 0.0068   δ1(43,40) = 0.0104   δ1(43,41) = 0.0218   δ1(44,1) = -0.1951    

δ1(44,3) = 1.3227   δ1(44,4) = 0.8045   δ1(44,6) = -0.0273   δ1(44,7) = 0.0163    

δ1(44,8) = 0.0271   δ1(44,9) = -0.0042   δ1(44,10) = -0.0499   δ1(44,11) = -0.0273    

δ1(44,12) = -0.0163   δ1(44,13) = 0.0271   δ1(44,14) = -0.0042   δ1(44,15) = 0.0499    

δ1(44,21) = -0.0817   δ1(44,23) = 0.0523   δ1(44,27) = -0.0094   δ1(44,28) = 0.0049    

δ1(44,29) = -0.0274   δ1(44,33) = 0.0746   δ1(44,34) = 0.4660   δ1(44,35) = 0.4890    

δ1(44,36) = -0.0057   δ1(44,38) = 0.0013   δ1(44,39) = 0.0037   δ1(44,40) = 0.0379    

δ1(44,41) = 0.0448   

 

 

δ2(1,6) = -0.0020   δ2(1,8) = -0.0003   δ2(1,9) = 0.0046   δ2(2,7) = 0.0121    

δ2(2,10) = 0.0113   δ2(3,6) = -0.0003   δ2(3,8) = -0.0066   δ2(3,9) = 0.0002    

δ2(4,6) = 0.0046   δ2(4,8) = 0.0002   δ2(4,9) = -0.0095   δ2(5,7) = 0.0113    

δ2(5,10) = 0.0103   δ2(11,6) = -0.0066   δ2(11,7) = -0.0025   δ2(11,8) = 0.0015    

δ2(11,9) = 0.0032   δ2(11,10) = -0.0056   δ2(11,16) = -0.0020   δ2(11,18) = -0.0003    

δ2(11,19) = 0.0046   δ2(11,24) = -0.0120   δ2(11,25) = 0.0222   δ2(11,26) = -0.0156    

δ2(12,6) = -0.0025   δ2(12,7) = 0.0016   δ2(12,8) = 0.0010   δ2(12,10) = -0.0035    

δ2(12,17) = 0.0121   δ2(12,20) = 0.0113   δ2(12,24) = -0.0152   δ2(12,25) = -0.0270    

δ2(12,26) = -0.0151   δ2(13,6) = 0.0015   δ2(13,7) = 0.0010   δ2(13,8) = 0.0027    

δ2(13,9) = -0.0035   δ2(13,16) = -0.0003   δ2(13,18) = -0.0066   δ2(13,19) = 0.0002    

δ2(13,24) = -0.0040   δ2(13,25) = 0.0274   δ2(13,26) = -0.0072   δ2(14,6) = 0.0032    

δ2(14,8) = -0.0035   δ2(14,9) = 0.0082   δ2(14,10) = 0.0076   δ2(14,16) = 0.0046    

δ2(14,18) = 0.0002   δ2(14,19) = -0.0095   δ2(14,24) = 0.0258   δ2(14,25) = -0.0381    
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δ2(14,26) = 0.0226   δ2(15,6) = -0.0056   δ2(15,7) = -0.0035   δ2(15,9) = 0.0076    

δ2(15,10) = -0.0007   δ2(15,17) = 0.0113   δ2(15,20) = 0.0103   δ2(15,24) = -0.0155    

δ2(15,25) = -0.0294   δ2(15,26) = -0.0079   δ2(21,24) = -0.0020   δ2(21,25) = 0.0066    

δ2(21,26) = 0.0041   δ2(22,24) = -0.0066   δ2(22,25) = 0.0620   δ2(22,26) = -0.0080    

δ2(23,24) = 0.0041   δ2(23,25) = 0.0080   δ2(23,26) = -0.0068   δ2(27,6) = -0.0477    

δ2(27,7) = -0.0102   δ2(27,8) = 0.0063   δ2(27,9) = 0.0158   δ2(27,10) = -0.0285    

δ2(27,16) = -0.0120   δ2(27,17) = 0.0152   δ2(27,18) = -0.0040   δ2(27,19) = 0.0258    

δ2(27,20) = 0.0155   δ2(27,21) = -0.0024   δ2(27,22) = -0.0050   δ2(27,23) = 0.0029    

δ2(27,24) = -0.0946   δ2(27,25) = 0.0577   δ2(27,26) = -0.0476   δ2(27,30) = -0.0020    

δ2(27,31) = 0.0066   δ2(27,32) = 0.0041   δ2(27,36) = -0.0158   δ2(27,37) = 0.0080    

δ2(27,38) = 0.0048   δ2(28,6) = -0.0322   δ2(28,7) = -0.0094   δ2(28,8) = 0.0116    

δ2(28,9) = -0.0291   δ2(28,10) = -0.0346   δ2(28,16) = -0.0222   δ2(28,17) = -0.0270    

δ2(28,18) = -0.0274   δ2(28,19) = 0.0381   δ2(28,20) = -0.0294   δ2(28,21) = 0.0073    

δ2(28,22) = -0.0019   δ2(28,23) = -0.0055   δ2(28,24) = -0.0577   δ2(28,25) = 0.6769    

δ2(28,26) = -0.1397   δ2(28,30) = -0.0066   δ2(28,31) = 0.0620   δ2(28,32) = -0.0080    

δ2(28,36) = 0.0080   δ2(28,37) = -0.0146   δ2(28,38) = -0.0171   δ2(29,6) = 0.0188    

δ2(29,7) = 0.0116   δ2(29,8) = 0.0035   δ2(29,9) = -0.0673   δ2(29,10) = -0.0291    

δ2(29,16) = -0.0156   δ2(29,17) = 0.0151   δ2(29,18) = -0.0072   δ2(29,19) = 0.0226    

δ2(29,20) = 0.0079   δ2(29,21) = -0.0042   δ2(29,22) = -0.0054   δ2(29,23) = -0.0083    

δ2(29,24) = -0.0476   δ2(29,25) = 0.1397   δ2(29,26) = -0.0745   δ2(29,30) = 0.0041    

δ2(29,31) = 0.0080   δ2(29,32) = -0.0068   δ2(29,36) = 0.0048   δ2(29,37) = -0.0171    

δ2(29,38) = -0.0062   δ2(30,24) = -0.0024   δ2(30,25) = -0.0050   δ2(30,26) = 0.0029    

δ2(31,24) = 0.0073   δ2(31,25) = -0.0019   δ2(31,26) = -0.0055   δ2(32,24) = -0.0042    

δ2(32,25) = -0.0054   δ2(32,26) = -0.0083   δ2(33,6) = 0.0120   δ2(33,7) = 0.0152    

δ2(33,8) = 0.0040   δ2(33,9) = -0.0258   δ2(33,10) = 0.0155   δ2(33,24) = -0.0158    

δ2(33,25) = -0.0080   δ2(33,26) = 0.0048   δ2(33,36) = -0.0020   δ2(33,37) = -0.0066    

δ2(33,38) = 0.0041   δ2(34,6) = -0.0222   δ2(34,7) = 0.0270   δ2(34,8) = -0.0274    

δ2(34,9) = 0.0381   δ2(34,10) = 0.0294   δ2(34,24) = -0.0080   δ2(34,25) = -0.0146    

δ2(34,26) = 0.0171   δ2(34,36) = 0.0066   δ2(34,37) = 0.0620   δ2(34,38) = 0.0080    

δ2(35,6) = 0.0156   δ2(35,7) = 0.0151   δ2(35,8) = 0.0072   δ2(35,9) = -0.0226    

δ2(35,10) = 0.0079   δ2(35,24) = 0.0048   δ2(35,25) = 0.0171   δ2(35,26) = -0.0062    

δ2(35,36) = 0.0041   δ2(35,37) = -0.0080   δ2(35,38) = -0.0068   δ2(39,6) = 0.0120    
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δ2(39,7) = 0.0041   δ2(39,8) = -0.0151   δ2(39,9) = -0.0003   δ2(39,10) = 0.0302    

δ2(39,16) = 0.0120   δ2(39,17) = 0.0152   δ2(39,18) = 0.0040   δ2(39,19) = -0.0258    

δ2(39,20) = 0.0155   δ2(39,24) = -0.0391   δ2(39,25) = -0.0715   δ2(39,26) = 0.0419    

δ2(39,36) = -0.0024   δ2(39,37) = 0.0073   δ2(39,38) = -0.0042   δ2(39,42) = -0.0020    

δ2(39,43) = -0.0066   δ2(39,44) = 0.0041   δ2(40,6) = -0.0246   δ2(40,7) = 0.0176    

δ2(40,8) = 0.0099   δ2(40,9) = -0.0266   δ2(40,10) = -0.0298   δ2(40,16) = -0.0222    

δ2(40,17) = 0.0270   δ2(40,18) = -0.0274   δ2(40,19) = 0.0381   δ2(40,20) = 0.0294    

δ2(40,24) = -0.0715   δ2(40,25) = 0.0177   δ2(40,26) = -0.0616   δ2(40,36) = -0.0050    

δ2(40,37) = -0.0019   δ2(40,38) = -0.0054   δ2(40,42) = 0.0066   δ2(40,43) = 0.0620    

δ2(40,44) = 0.0080   δ2(41,6) = 0.0112   δ2(41,7) = -0.0332   δ2(41,8) = 0.0167    

δ2(41,9) = 0.0370   δ2(41,10) = 0.0038   δ2(41,16) = 0.0156   δ2(41,17) = 0.0151    

δ2(41,18) = 0.0072   δ2(41,19) = -0.0226   δ2(41,20) = 0.0079   δ2(41,24) = 0.0419    

δ2(41,25) = -0.0616   δ2(41,26) = -0.0513   δ2(41,36) = 0.0029   δ2(41,37) = -0.0055    

δ2(41,38) = -0.0083   δ2(41,42) = 0.0041   δ2(41,43) = -0.0080   δ2(41,44) = -0.0068 
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Appendix B 

HfSe2 Tight-Binding Parameters 

The tight-binding Hamiltonian for the HfSe2 supercell is of the form: 

>A'Ç, '°K = £ + N*M(≤O∙¯Ç) + P*MA≤Q∙¯°K + 3E*
MA≤O∙¯Ç∑≤Q∙¯°K + 3F*

MA≤O∙¯Ç⁄≤Q∙¯°K

+ AN*M(≤O∙¯Ç) + P*MA≤Q∙¯°K + 3E*
MA≤O∙¯Ç∑≤Q∙¯°K + 3F*

MA≤O∙¯Ç⁄≤Q∙¯°KD
8
 

where ,˘ = 	6.57872 × 10⁄E{	m and ,˙ = 	7.59644 × 10⁄E{ m. 

The size of > is 44 × 44. Only non-zero elements of the £, N, P, 3E, and 3F  matrices are provided 

below: 

 

 

α(1,1) = 1.7342   α(1,3) = -0.0006   α(1,4) = 0.0007   α(1,6) = -0.1192    

α(1,7) = -0.1246   α(1,8) = -0.0711   α(1,9) = -0.1485   α(1,10) = -0.2573    

α(1,11) = -0.1192   α(1,12) = 0.1246   α(1,13) = -0.0711   α(1,14) = -0.1485    

α(1,15) = 0.2573   α(1,16) = -0.0114   α(1,18) = 0.0032   α(1,19) = -0.0107    

α(1,21) = -0.5752   α(1,23) = 0.5506   α(1,24) = 0.0244   α(1,25) = 0.0181    

α(1,26) = 0.0246   α(1,27) = 0.0161   α(1,28) = -0.0148   α(1,29) = -0.0088    

α(1,30) = 0.0244   α(1,31) = -0.0181   α(1,32) = 0.0246   α(1,33) = 0.5730    

α(1,34) = 0.4779   α(1,35) = 0.2770   α(1,36) = -0.0161   α(1,38) = -0.0173    

α(1,39) = -0.0242   α(1,40) = 0.0303   α(1,41) = -0.0034   α(2,2) = 2.1779    

α(2,5) = -0.4288   α(2,6) = -0.1246   α(2,7) = -0.0911   α(2,8) = 0.0275    

α(2,9) = -0.2018   α(2,10) = -0.0639   α(2,11) = 0.1246   α(2,12) = -0.0911    

α(2,13) = -0.0275   α(2,14) = 0.2018   α(2,15) = -0.0639   α(2,17) = -0.0151    

α(2,20) = -0.0125   α(2,22) = -0.5649   α(2,24) = 0.0322   α(2,25) = 0.0122    

α(2,26) = 0.0145   α(2,27) = 0.0575   α(2,28) = 0.0154   α(2,29) = 0.0036    

α(2,30) = -0.0322   α(2,31) = 0.0122   α(2,32) = -0.0145   α(2,33) = 0.4874    

α(2,34) = -0.9200   α(2,35) = -0.8578   α(2,37) = -0.0092   α(2,39) = -0.0108    

α(2,40) = -0.0092   α(2,41) = -0.0342   α(3,1) = -0.0006   α(3,3) = 2.1753    

α(3,4) = -0.4290   α(3,6) = -0.0711   α(3,7) = 0.0275   α(3,8) = -0.1226    

α(3,9) = 0.1693   α(3,10) = -0.2015   α(3,11) = -0.0711   α(3,12) = -0.0275    

α(3,13) = -0.1226   α(3,14) = 0.1693   α(3,15) = 0.2015   α(3,16) = 0.0032    
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α(3,18) = -0.0105   α(3,19) = 0.0100   α(3,21) = 0.5652   α(3,23) = 1.4152    

α(3,24) = -0.0310   α(3,25) = -0.0359   α(3,26) = 0.0205   α(3,27) = 0.0333    

α(3,28) = 0.0036   α(3,29) = 0.0114   α(3,30) = -0.0310   α(3,31) = 0.0359    

α(3,32) = 0.0205   α(3,33) = 0.2823   α(3,34) = -0.8583   α(3,35) = 0.0703    

α(3,36) = 0.0665   α(3,38) = -0.0176   α(3,39) = -0.0434   α(3,40) = 0.0162    

α(3,41) = -0.0236   α(4,1) = 0.0007   α(4,3) = -0.4290   α(4,4) = 1.8279    

α(4,6) = -0.1485   α(4,7) = -0.2018   α(4,8) = 0.1693   α(4,9) = -0.0308    

α(4,10) = -0.1698   α(4,11) = -0.1485   α(4,12) = 0.2018   α(4,13) = 0.1693    

α(4,14) = -0.0308   α(4,15) = 0.1698   α(4,16) = -0.0107   α(4,18) = 0.0100    

α(4,19) = 0.0122   α(4,21) = -0.8964   α(4,23) = -0.5626   α(4,24) = 0.0460    

α(4,25) = 0.0389   α(4,26) = 0.0027   α(4,27) = 0.0056   α(4,28) = 0.0481    

α(4,29) = -0.0418   α(4,30) = 0.0460   α(4,31) = -0.0389   α(4,32) = 0.0027    

α(4,33) = -0.4486   α(4,34) = -0.0946   α(4,35) = 0.7208   α(4,36) = 0.0110    

α(4,38) = -0.0413   α(4,39) = -0.0021   α(4,40) = 0.0004   α(4,41) = 0.0187    

α(5,2) = -0.4288   α(5,5) = 1.8279   α(5,6) = -0.2573   α(5,7) = -0.0639    

α(5,8) = -0.2015   α(5,9) = -0.1698   α(5,10) = -0.2275   α(5,11) = 0.2573    

α(5,12) = -0.0639   α(5,13) = 0.2015   α(5,14) = 0.1698   α(5,15) = -0.2275    

α(5,17) = -0.0125   α(5,20) = 0.0016   α(5,22) = -0.7740   α(5,24) = 0.0290    

α(5,25) = 0.0040   α(5,26) = 0.0128   α(5,27) = 0.0097   α(5,28) = 0.0136    

α(5,29) = 0.0482   α(5,30) = -0.0290   α(5,31) = 0.0040   α(5,32) = -0.0128    

α(5,33) = -0.7767   α(5,34) = 0.6151   α(5,35) = -0.0921   α(5,37) = 0.0695    

α(5,39) = 0.0544   α(5,40) = -0.0255   α(5,41) = 0.0268   α(6,1) = -0.1192    

α(6,2) = -0.1246   α(6,3) = -0.0711   α(6,4) = -0.1485   α(6,5) = -0.2573    

α(6,6) = 1.7342   α(6,8) = -0.0006   α(6,9) = 0.0007   α(6,11) = -0.1177    

α(6,13) = 0.1426   α(6,14) = 0.2961   α(6,16) = -0.1192   α(6,17) = 0.1246    

α(6,18) = -0.0711   α(6,19) = -0.1485   α(6,20) = 0.2573   α(6,21) = -0.5730    

α(6,22) = 0.4780   α(6,23) = -0.2770   α(6,24) = -0.5752   α(6,26) = 0.5506    

α(6,27) = 0.0241   α(6,28) = 0.0121   α(6,29) = -0.0279   α(6,30) = 0.0161    

α(6,31) = -0.0148   α(6,32) = -0.0088   α(6,33) = -0.0161   α(6,34) = -0.0148    

α(6,35) = 0.0088   α(6,36) = 0.5730   α(6,37) = 0.4779   α(6,38) = 0.2770    

α(6,39) = -0.0241   α(6,40) = 0.0121   α(6,41) = 0.0279   α(6,42) = -0.0242    

α(6,43) = 0.0303   α(6,44) = -0.0034   α(7,1) = -0.1246   α(7,2) = -0.0911    
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α(7,3) = 0.0275   α(7,4) = -0.2018   α(7,5) = -0.0639   α(7,7) = 2.1779    

α(7,10) = -0.4288   α(7,12) = -0.1386   α(7,15) = 0.2864   α(7,16) = 0.1246    

α(7,17) = -0.0911   α(7,18) = -0.0275   α(7,19) = 0.2018   α(7,20) = -0.0639    

α(7,21) = 0.4874   α(7,22) = 0.9200   α(7,23) = -0.8578   α(7,25) = -0.5649    

α(7,27) = -0.0430   α(7,28) = 0.0278   α(7,29) = 0.0269   α(7,30) = 0.0575    

α(7,31) = 0.0154   α(7,32) = 0.0036   α(7,33) = 0.0575   α(7,34) = -0.0154    

α(7,35) = 0.0036   α(7,36) = 0.4874   α(7,37) = -0.9200   α(7,38) = -0.8578    

α(7,39) = -0.0430   α(7,40) = -0.0278   α(7,41) = 0.0269   α(7,42) = -0.0108    

α(7,43) = -0.0092   α(7,44) = -0.0342   α(8,1) = -0.0711   α(8,2) = 0.0275    

α(8,3) = -0.1226   α(8,4) = 0.1693   α(8,5) = -0.2015   α(8,6) = -0.0006    

α(8,8) = 2.1753   α(8,9) = -0.4290   α(8,11) = 0.1426   α(8,13) = -0.0744    

α(8,14) = -0.1800   α(8,16) = -0.0711   α(8,17) = -0.0275   α(8,18) = -0.1226    

α(8,19) = 0.1693   α(8,20) = 0.2015   α(8,21) = -0.2823   α(8,22) = -0.8583    

α(8,23) = -0.0703   α(8,24) = 0.5652   α(8,26) = 1.4152   α(8,27) = -0.0123    

α(8,28) = -0.0233   α(8,29) = 0.0050   α(8,30) = 0.0333   α(8,31) = 0.0036    

α(8,32) = 0.0114   α(8,33) = -0.0333   α(8,34) = 0.0036   α(8,35) = -0.0114    

α(8,36) = 0.2823   α(8,37) = -0.8583   α(8,38) = 0.0703   α(8,39) = 0.0123    

α(8,40) = -0.0233   α(8,41) = -0.0050   α(8,42) = -0.0434   α(8,43) = 0.0162    

α(8,44) = -0.0236   α(9,1) = -0.1485   α(9,2) = -0.2018   α(9,3) = 0.1693    

α(9,4) = -0.0308   α(9,5) = -0.1698   α(9,6) = 0.0007   α(9,8) = -0.4290    

α(9,9) = 1.8279   α(9,11) = 0.2961   α(9,13) = -0.1800   α(9,14) = -0.3267    

α(9,16) = -0.1485   α(9,17) = 0.2018   α(9,18) = 0.1693   α(9,19) = -0.0308    

α(9,20) = 0.1698   α(9,21) = 0.4486   α(9,22) = -0.0946   α(9,23) = -0.7209    

α(9,24) = -0.8964   α(9,26) = -0.5626   α(9,27) = -0.0481   α(9,28) = 0.0010    

α(9,29) = 0.0262   α(9,30) = 0.0056   α(9,31) = 0.0481   α(9,32) = -0.0418    

α(9,33) = -0.0056   α(9,34) = 0.0481   α(9,35) = 0.0418   α(9,36) = -0.4486    

α(9,37) = -0.0946   α(9,38) = 0.7208   α(9,39) = 0.0481   α(9,40) = 0.0010    

α(9,41) = -0.0262   α(9,42) = -0.0021   α(9,43) = 0.0004   α(9,44) = 0.0187    

α(10,1) = -0.2573   α(10,2) = -0.0639   α(10,3) = -0.2015   α(10,4) = -0.1698    

α(10,5) = -0.2275   α(10,7) = -0.4288   α(10,10) = 1.8279   α(10,12) = 0.2864    

α(10,15) = 0.0667   α(10,16) = 0.2573   α(10,17) = -0.0639   α(10,18) = 0.2015    

α(10,19) = 0.1698   α(10,20) = -0.2275   α(10,21) = -0.7767   α(10,22) = -0.6151    
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α(10,23) = -0.0921   α(10,25) = -0.7740   α(10,27) = 0.0253   α(10,28) = -0.0193    

α(10,29) = -0.0255   α(10,30) = 0.0097   α(10,31) = 0.0136   α(10,32) = 0.0482    

α(10,33) = 0.0097   α(10,34) = -0.0136   α(10,35) = 0.0482   α(10,36) = -0.7767    

α(10,37) = 0.6151   α(10,38) = -0.0921   α(10,39) = 0.0253   α(10,40) = 0.0193    

α(10,41) = -0.0255   α(10,42) = 0.0544   α(10,43) = -0.0255   α(10,44) = 0.0268    

α(11,1) = -0.1192   α(11,2) = 0.1246   α(11,3) = -0.0711   α(11,4) = -0.1485    

α(11,5) = 0.2573   α(11,6) = -0.1177   α(11,8) = 0.1426   α(11,9) = 0.2961    

α(11,11) = 1.7342   α(11,13) = -0.0006   α(11,14) = 0.0007   α(11,16) = -0.1192    

α(11,17) = -0.1246   α(11,18) = -0.0711   α(11,19) = -0.1485   α(11,20) = -0.2573    

α(11,21) = -0.5730   α(11,22) = -0.4779   α(11,23) = -0.2770   α(11,24) = 0.0161    

α(11,25) = 0.0148   α(11,26) = -0.0088   α(11,27) = -0.5730   α(11,28) = 0.4780    

α(11,29) = -0.2770   α(11,30) = -0.5752   α(11,32) = 0.5506   α(11,33) = 0.5752    

α(11,35) = -0.5506   α(11,36) = 0.5730   α(11,37) = -0.4780   α(11,38) = 0.2770    

α(11,39) = 0.5730   α(11,40) = 0.4779   α(11,41) = 0.2770   α(11,42) = -0.0161    

α(11,44) = -0.0173   α(12,1) = 0.1246   α(12,2) = -0.0911   α(12,3) = -0.0275    

α(12,4) = 0.2018   α(12,5) = -0.0639   α(12,7) = -0.1386   α(12,10) = 0.2864    

α(12,12) = 2.1779   α(12,15) = -0.4288   α(12,16) = -0.1246   α(12,17) = -0.0911    

α(12,18) = 0.0275   α(12,19) = -0.2018   α(12,20) = -0.0639   α(12,21) = -0.4874    

α(12,22) = 0.9200   α(12,23) = 0.8578   α(12,24) = -0.0575   α(12,25) = 0.0154    

α(12,26) = -0.0036   α(12,27) = 0.4874   α(12,28) = 0.9200   α(12,29) = -0.8578    

α(12,31) = -0.5649   α(12,34) = 0.5649   α(12,36) = -0.4874   α(12,37) = -0.9200    

α(12,38) = 0.8578   α(12,39) = 0.4874   α(12,40) = -0.9200   α(12,41) = -0.8578    

α(12,43) = -0.0092   α(13,1) = -0.0711   α(13,2) = -0.0275   α(13,3) = -0.1226    

α(13,4) = 0.1693   α(13,5) = 0.2015   α(13,6) = 0.1426   α(13,8) = -0.0744    

α(13,9) = -0.1800   α(13,11) = -0.0006   α(13,13) = 2.1753   α(13,14) = -0.4290    

α(13,16) = -0.0711   α(13,17) = 0.0275   α(13,18) = -0.1226   α(13,19) = 0.1693    

α(13,20) = -0.2015   α(13,21) = -0.2823   α(13,22) = 0.8583   α(13,23) = -0.0703    

α(13,24) = 0.0333   α(13,25) = -0.0036   α(13,26) = 0.0114   α(13,27) = -0.2823    

α(13,28) = -0.8583   α(13,29) = -0.0703   α(13,30) = 0.5652   α(13,32) = 1.4152    

α(13,33) = -0.5652   α(13,35) = -1.4152   α(13,36) = 0.2823   α(13,37) = 0.8583    

α(13,38) = 0.0703   α(13,39) = 0.2823   α(13,40) = -0.8583   α(13,41) = 0.0703    

α(13,42) = 0.0665   α(13,44) = -0.0176   α(14,1) = -0.1485   α(14,2) = 0.2018    
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α(14,3) = 0.1693   α(14,4) = -0.0308   α(14,5) = 0.1698   α(14,6) = 0.2961    

α(14,8) = -0.1800   α(14,9) = -0.3267   α(14,11) = 0.0007   α(14,13) = -0.4290    

α(14,14) = 1.8279   α(14,16) = -0.1485   α(14,17) = -0.2018   α(14,18) = 0.1693    

α(14,19) = -0.0308   α(14,20) = -0.1698   α(14,21) = 0.4486   α(14,22) = 0.0946    

α(14,23) = -0.7208   α(14,24) = 0.0056   α(14,25) = -0.0481   α(14,26) = -0.0418    

α(14,27) = 0.4486   α(14,28) = -0.0946   α(14,29) = -0.7209   α(14,30) = -0.8964    

α(14,32) = -0.5626   α(14,33) = 0.8964   α(14,35) = 0.5626   α(14,36) = -0.4486    

α(14,37) = 0.0946   α(14,38) = 0.7209   α(14,39) = -0.4486   α(14,40) = -0.0946    

α(14,41) = 0.7208   α(14,42) = 0.0110   α(14,44) = -0.0413   α(15,1) = 0.2573    

α(15,2) = -0.0639   α(15,3) = 0.2015   α(15,4) = 0.1698   α(15,5) = -0.2275    

α(15,7) = 0.2864   α(15,10) = 0.0667   α(15,12) = -0.4288   α(15,15) = 1.8279    

α(15,16) = -0.2573   α(15,17) = -0.0639   α(15,18) = -0.2015   α(15,19) = -0.1698    

α(15,20) = -0.2275   α(15,21) = 0.7767   α(15,22) = -0.6151   α(15,23) = 0.0921    

α(15,24) = -0.0097   α(15,25) = 0.0136   α(15,26) = -0.0482   α(15,27) = -0.7767    

α(15,28) = -0.6151   α(15,29) = -0.0921   α(15,31) = -0.7740   α(15,34) = 0.7740    

α(15,36) = 0.7767   α(15,37) = 0.6151   α(15,38) = 0.0921   α(15,39) = -0.7767    

α(15,40) = 0.6151   α(15,41) = -0.0921   α(15,43) = 0.0695   α(16,1) = -0.0114    

α(16,3) = 0.0032   α(16,4) = -0.0107   α(16,6) = -0.1192   α(16,7) = 0.1246    

α(16,8) = -0.0711   α(16,9) = -0.1485   α(16,10) = 0.2573   α(16,11) = -0.1192    

α(16,12) = -0.1246   α(16,13) = -0.0711   α(16,14) = -0.1485   α(16,15) = -0.2573    

α(16,16) = 1.7342   α(16,18) = -0.0006   α(16,19) = 0.0007   α(16,21) = 0.0161    

α(16,23) = 0.0173   α(16,24) = -0.5730   α(16,25) = -0.4779   α(16,26) = -0.2770    

α(16,27) = 0.0242   α(16,28) = 0.0303   α(16,29) = 0.0034   α(16,30) = -0.5730    

α(16,31) = 0.4780   α(16,32) = -0.2770   α(16,33) = -0.0244   α(16,34) = -0.0181    

α(16,35) = -0.0246   α(16,36) = 0.5752   α(16,38) = -0.5506   α(16,39) = -0.0161    

α(16,40) = -0.0148   α(16,41) = 0.0088   α(16,42) = 0.5730   α(16,43) = 0.4779    

α(16,44) = 0.2770   α(17,2) = -0.0151   α(17,5) = -0.0125   α(17,6) = 0.1246    

α(17,7) = -0.0911   α(17,8) = -0.0275   α(17,9) = 0.2018   α(17,10) = -0.0639    

α(17,11) = -0.1246   α(17,12) = -0.0911   α(17,13) = 0.0275   α(17,14) = -0.2018    

α(17,15) = -0.0639   α(17,17) = 2.1779   α(17,20) = -0.4288   α(17,22) = 0.0092    

α(17,24) = -0.4874   α(17,25) = 0.9200   α(17,26) = 0.8578   α(17,27) = -0.0108    

α(17,28) = 0.0092   α(17,29) = -0.0342   α(17,30) = 0.4874   α(17,31) = 0.9200    
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α(17,32) = -0.8578   α(17,33) = -0.0322   α(17,34) = -0.0122   α(17,35) = -0.0145    

α(17,37) = 0.5649   α(17,39) = 0.0575   α(17,40) = -0.0154   α(17,41) = 0.0036    

α(17,42) = 0.4874   α(17,43) = -0.9200   α(17,44) = -0.8578   α(18,1) = 0.0032    

α(18,3) = -0.0105   α(18,4) = 0.0100   α(18,6) = -0.0711   α(18,7) = -0.0275    

α(18,8) = -0.1226   α(18,9) = 0.1693   α(18,10) = 0.2015   α(18,11) = -0.0711    

α(18,12) = 0.0275   α(18,13) = -0.1226   α(18,14) = 0.1693   α(18,15) = -0.2015    

α(18,16) = -0.0006   α(18,18) = 2.1753   α(18,19) = -0.4290   α(18,21) = -0.0665    

α(18,23) = 0.0176   α(18,24) = -0.2823   α(18,25) = 0.8583   α(18,26) = -0.0703    

α(18,27) = 0.0434   α(18,28) = 0.0162   α(18,29) = 0.0236   α(18,30) = -0.2823    

α(18,31) = -0.8583   α(18,32) = -0.0703   α(18,33) = 0.0310   α(18,34) = 0.0359    

α(18,35) = -0.0205   α(18,36) = -0.5652   α(18,38) = -1.4152   α(18,39) = -0.0333    

α(18,40) = 0.0036   α(18,41) = -0.0114   α(18,42) = 0.2823   α(18,43) = -0.8583    

α(18,44) = 0.0703   α(19,1) = -0.0107   α(19,3) = 0.0100   α(19,4) = 0.0122    

α(19,6) = -0.1485   α(19,7) = 0.2018   α(19,8) = 0.1693   α(19,9) = -0.0308    

α(19,10) = 0.1698   α(19,11) = -0.1485   α(19,12) = -0.2018   α(19,13) = 0.1693    

α(19,14) = -0.0308   α(19,15) = -0.1698   α(19,16) = 0.0007   α(19,18) = -0.4290    

α(19,19) = 1.8279   α(19,21) = -0.0110   α(19,23) = 0.0413   α(19,24) = 0.4486    

α(19,25) = 0.0946   α(19,26) = -0.7208   α(19,27) = 0.0021   α(19,28) = 0.0004    

α(19,29) = -0.0187   α(19,30) = 0.4486   α(19,31) = -0.0946   α(19,32) = -0.7209    

α(19,33) = -0.0460   α(19,34) = -0.0389   α(19,35) = -0.0027   α(19,36) = 0.8964    

α(19,38) = 0.5626   α(19,39) = -0.0056   α(19,40) = 0.0481   α(19,41) = 0.0418    

α(19,42) = -0.4486   α(19,43) = -0.0946   α(19,44) = 0.7208   α(20,2) = -0.0125    

α(20,5) = 0.0016   α(20,6) = 0.2573   α(20,7) = -0.0639   α(20,8) = 0.2015    

α(20,9) = 0.1698   α(20,10) = -0.2275   α(20,11) = -0.2573   α(20,12) = -0.0639    

α(20,13) = -0.2015   α(20,14) = -0.1698   α(20,15) = -0.2275   α(20,17) = -0.4288    

α(20,20) = 1.8279   α(20,22) = -0.0695   α(20,24) = 0.7767   α(20,25) = -0.6151    

α(20,26) = 0.0921   α(20,27) = 0.0544   α(20,28) = 0.0255   α(20,29) = 0.0268    

α(20,30) = -0.7767   α(20,31) = -0.6151   α(20,32) = -0.0921   α(20,33) = -0.0290    

α(20,34) = -0.0040   α(20,35) = -0.0128   α(20,37) = 0.7740   α(20,39) = 0.0097    

α(20,40) = -0.0136   α(20,41) = 0.0482   α(20,42) = -0.7767   α(20,43) = 0.6151    

α(20,44) = -0.0921   α(21,1) = -0.5752   α(21,3) = 0.5652   α(21,4) = -0.8964    

α(21,6) = -0.5730   α(21,7) = 0.4874   α(21,8) = -0.2823   α(21,9) = 0.4486    
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α(21,10) = -0.7767   α(21,11) = -0.5730   α(21,12) = -0.4874   α(21,13) = -0.2823    

α(21,14) = 0.4486   α(21,15) = 0.7767   α(21,16) = 0.0161   α(21,18) = -0.0665    

α(21,19) = -0.0110   α(21,21) = -1.9869   α(21,23) = 0.0009   α(21,24) = -0.1225    

α(21,25) = 0.0091   α(21,26) = -0.1030   α(21,27) = -0.1224   α(21,28) = -0.0945    

α(21,29) = 0.0435   α(21,30) = -0.1225   α(21,31) = -0.0091   α(21,32) = -0.1030    

α(21,33) = 0.4621   α(21,34) = -0.3252   α(21,35) = 0.1872   α(21,36) = 0.4608    

α(21,38) = -0.3753   α(21,39) = -0.0690   α(21,40) = -0.0633   α(21,41) = -0.0369    

α(21,42) = -0.0198   α(21,43) = 0.0059   α(21,44) = -0.0035   α(22,2) = -0.5649    

α(22,5) = -0.7740   α(22,6) = 0.4780   α(22,7) = 0.9200   α(22,8) = -0.8583    

α(22,9) = -0.0946   α(22,10) = -0.6151   α(22,11) = -0.4779   α(22,12) = 0.9200    

α(22,13) = 0.8583   α(22,14) = 0.0946   α(22,15) = -0.6151   α(22,17) = 0.0092    

α(22,20) = -0.0695   α(22,22) = -1.9694   α(22,24) = -0.0853   α(22,25) = 0.0965    

α(22,26) = -0.3807   α(22,27) = 0.0945   α(22,28) = 0.6012   α(22,29) = -0.0890    

α(22,30) = 0.0853   α(22,31) = 0.0965   α(22,32) = 0.3807   α(22,33) = -0.3252    

α(22,34) = 0.1264   α(22,35) = -0.1603   α(22,37) = -0.1509   α(22,39) = -0.0633    

α(22,40) = -0.0629   α(22,41) = 0.0376   α(22,42) = 0.0059   α(22,43) = -0.0180    

α(22,44) = -0.0082   α(23,1) = 0.5506   α(23,3) = 1.4152   α(23,4) = -0.5626    

α(23,6) = -0.2770   α(23,7) = -0.8578   α(23,8) = -0.0703   α(23,9) = -0.7209    

α(23,10) = -0.0921   α(23,11) = -0.2770   α(23,12) = 0.8578   α(23,13) = -0.0703    

α(23,14) = -0.7208   α(23,15) = 0.0921   α(23,16) = 0.0173   α(23,18) = 0.0176    

α(23,19) = 0.0413   α(23,21) = 0.0009   α(23,23) = -1.9696   α(23,24) = 0.0606    

α(23,25) = -0.2026   α(23,26) = 0.4331   α(23,27) = 0.0435   α(23,28) = 0.0890    

α(23,29) = -0.0720   α(23,30) = 0.0606   α(23,31) = 0.2026   α(23,32) = 0.4331    

α(23,33) = 0.1872   α(23,34) = -0.1603   α(23,35) = -0.0593   α(23,36) = -0.3753    

α(23,38) = 0.2203   α(23,39) = -0.0369   α(23,40) = 0.0376   α(23,41) = -0.1052    

α(23,42) = -0.0035   α(23,43) = -0.0082   α(23,44) = 0.0112   α(24,1) = 0.0244    

α(24,2) = 0.0322   α(24,3) = -0.0310   α(24,4) = 0.0460   α(24,5) = 0.0290    

α(24,6) = -0.5752   α(24,8) = 0.5652   α(24,9) = -0.8964   α(24,11) = 0.0161    

α(24,12) = -0.0575   α(24,13) = 0.0333   α(24,14) = 0.0056   α(24,15) = -0.0097    

α(24,16) = -0.5730   α(24,17) = -0.4874   α(24,18) = -0.2823   α(24,19) = 0.4486    

α(24,20) = 0.7767   α(24,21) = -0.1225   α(24,22) = -0.0853   α(24,23) = 0.0606    

α(24,24) = -1.9869   α(24,26) = 0.0009   α(24,27) = 0.0004   α(24,28) = -0.0063    
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α(24,29) = 0.0036   α(24,30) = -0.1224   α(24,31) = -0.0945   α(24,32) = 0.0435    

α(24,33) = -0.0198   α(24,34) = -0.0060   α(24,35) = -0.0033   α(24,36) = 0.4621    

α(24,37) = -0.3252   α(24,38) = 0.1872   α(24,39) = -0.0198   α(24,40) = -0.0002    

α(24,41) = 0.0069   α(24,42) = -0.0690   α(24,43) = -0.0633   α(24,44) = -0.0369    

α(25,1) = 0.0181   α(25,2) = 0.0122   α(25,3) = -0.0359   α(25,4) = 0.0389    

α(25,5) = 0.0040   α(25,7) = -0.5649   α(25,10) = -0.7740   α(25,11) = 0.0148    

α(25,12) = 0.0154   α(25,13) = -0.0036   α(25,14) = -0.0481   α(25,15) = 0.0136    

α(25,16) = -0.4779   α(25,17) = 0.9200   α(25,18) = 0.8583   α(25,19) = 0.0946    

α(25,20) = -0.6151   α(25,21) = 0.0091   α(25,22) = 0.0965   α(25,23) = -0.2026    

α(25,25) = -1.9694   α(25,27) = -0.0128   α(25,28) = -0.0011   α(25,29) = -0.0081    

α(25,30) = 0.0945   α(25,31) = 0.6012   α(25,32) = -0.0890   α(25,33) = -0.0060    

α(25,34) = 0.0110   α(25,35) = -0.0085   α(25,36) = -0.3252   α(25,37) = 0.1264    

α(25,38) = -0.1603   α(25,39) = -0.0002   α(25,40) = -0.0032   α(25,41) = -0.0167    

α(25,42) = -0.0633   α(25,43) = -0.0629   α(25,44) = 0.0376   α(26,1) = 0.0246    

α(26,2) = 0.0145   α(26,3) = 0.0205   α(26,4) = 0.0027   α(26,5) = 0.0128    

α(26,6) = 0.5506   α(26,8) = 1.4152   α(26,9) = -0.5626   α(26,11) = -0.0088    

α(26,12) = -0.0036   α(26,13) = 0.0114   α(26,14) = -0.0418   α(26,15) = -0.0482    

α(26,16) = -0.2770   α(26,17) = 0.8578   α(26,18) = -0.0703   α(26,19) = -0.7208    

α(26,20) = 0.0921   α(26,21) = -0.1030   α(26,22) = -0.3807   α(26,23) = 0.4331    

α(26,24) = 0.0009   α(26,26) = -1.9696   α(26,27) = 0.0074   α(26,28) = -0.0081    

α(26,29) = -0.0104   α(26,30) = 0.0435   α(26,31) = 0.0890   α(26,32) = -0.0720    

α(26,33) = -0.0033   α(26,34) = -0.0085   α(26,35) = -0.0178   α(26,36) = 0.1872    

α(26,37) = -0.1603   α(26,38) = -0.0593   α(26,39) = 0.0069   α(26,40) = -0.0167    

α(26,41) = -0.0036   α(26,42) = -0.0369   α(26,43) = 0.0376   α(26,44) = -0.1052    

α(27,1) = 0.0161   α(27,2) = 0.0575   α(27,3) = 0.0333   α(27,4) = 0.0056    

α(27,5) = 0.0097   α(27,6) = 0.0241   α(27,7) = -0.0430   α(27,8) = -0.0123    

α(27,9) = -0.0481   α(27,10) = 0.0253   α(27,11) = -0.5730   α(27,12) = 0.4874    

α(27,13) = -0.2823   α(27,14) = 0.4486   α(27,15) = -0.7767   α(27,16) = 0.0242    

α(27,17) = -0.0108   α(27,18) = 0.0434   α(27,19) = 0.0021   α(27,20) = 0.0544    

α(27,21) = -0.1224   α(27,22) = 0.0945   α(27,23) = 0.0435   α(27,24) = 0.0004    

α(27,25) = -0.0128   α(27,26) = 0.0074   α(27,27) = -1.9869   α(27,29) = 0.0009    

α(27,30) = -0.1225   α(27,31) = 0.0091   α(27,32) = -0.1030   α(27,33) = 0.4621    



 

 105 

α(27,34) = 0.3252   α(27,35) = 0.1872   α(27,36) = -0.0690   α(27,37) = 0.0633    

α(27,38) = -0.0369   α(27,39) = 0.4608   α(27,41) = -0.3753   α(27,42) = -0.0198    

α(27,43) = -0.0059   α(27,44) = -0.0035   α(28,1) = -0.0148   α(28,2) = 0.0154    

α(28,3) = 0.0036   α(28,4) = 0.0481   α(28,5) = 0.0136   α(28,6) = 0.0121    

α(28,7) = 0.0278   α(28,8) = -0.0233   α(28,9) = 0.0010   α(28,10) = -0.0193    

α(28,11) = 0.4780   α(28,12) = 0.9200   α(28,13) = -0.8583   α(28,14) = -0.0946    

α(28,15) = -0.6151   α(28,16) = 0.0303   α(28,17) = 0.0092   α(28,18) = 0.0162    

α(28,19) = 0.0004   α(28,20) = 0.0255   α(28,21) = -0.0945   α(28,22) = 0.6012    

α(28,23) = 0.0890   α(28,24) = -0.0063   α(28,25) = -0.0011   α(28,26) = -0.0081    

α(28,28) = -1.9694   α(28,30) = -0.0853   α(28,31) = 0.0965   α(28,32) = -0.3807    

α(28,33) = 0.3252   α(28,34) = 0.1264   α(28,35) = 0.1603   α(28,36) = 0.0633    

α(28,37) = -0.0629   α(28,38) = -0.0376   α(28,40) = -0.1509   α(28,42) = -0.0059    

α(28,43) = -0.0180   α(28,44) = 0.0082   α(29,1) = -0.0088   α(29,2) = 0.0036    

α(29,3) = 0.0114   α(29,4) = -0.0418   α(29,5) = 0.0482   α(29,6) = -0.0279    

α(29,7) = 0.0269   α(29,8) = 0.0050   α(29,9) = 0.0262   α(29,10) = -0.0255    

α(29,11) = -0.2770   α(29,12) = -0.8578   α(29,13) = -0.0703   α(29,14) = -0.7209    

α(29,15) = -0.0921   α(29,16) = 0.0034   α(29,17) = -0.0342   α(29,18) = 0.0236    

α(29,19) = -0.0187   α(29,20) = 0.0268   α(29,21) = 0.0435   α(29,22) = -0.0890    

α(29,23) = -0.0720   α(29,24) = 0.0036   α(29,25) = -0.0081   α(29,26) = -0.0104    

α(29,27) = 0.0009   α(29,29) = -1.9696   α(29,30) = 0.0606   α(29,31) = -0.2026    

α(29,32) = 0.4331   α(29,33) = 0.1872   α(29,34) = 0.1603   α(29,35) = -0.0593    

α(29,36) = -0.0369   α(29,37) = -0.0376   α(29,38) = -0.1052   α(29,39) = -0.3753    

α(29,41) = 0.2203   α(29,42) = -0.0035   α(29,43) = 0.0082   α(29,44) = 0.0112    

α(30,1) = 0.0244   α(30,2) = -0.0322   α(30,3) = -0.0310   α(30,4) = 0.0460    

α(30,5) = -0.0290   α(30,6) = 0.0161   α(30,7) = 0.0575   α(30,8) = 0.0333    

α(30,9) = 0.0056   α(30,10) = 0.0097   α(30,11) = -0.5752   α(30,13) = 0.5652    

α(30,14) = -0.8964   α(30,16) = -0.5730   α(30,17) = 0.4874   α(30,18) = -0.2823    

α(30,19) = 0.4486   α(30,20) = -0.7767   α(30,21) = -0.1225   α(30,22) = 0.0853    

α(30,23) = 0.0606   α(30,24) = -0.1224   α(30,25) = 0.0945   α(30,26) = 0.0435    

α(30,27) = -0.1225   α(30,28) = -0.0853   α(30,29) = 0.0606   α(30,30) = -1.9869    

α(30,32) = 0.0009   α(30,33) = -0.0687   α(30,35) = 0.0729   α(30,36) = 0.4621    

α(30,37) = 0.3252   α(30,38) = 0.1872   α(30,39) = 0.4621   α(30,40) = -0.3252    
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α(30,41) = 0.1872   α(30,42) = 0.4608   α(30,44) = -0.3753   α(31,1) = -0.0181    

α(31,2) = 0.0122   α(31,3) = 0.0359   α(31,4) = -0.0389   α(31,5) = 0.0040    

α(31,6) = -0.0148   α(31,7) = 0.0154   α(31,8) = 0.0036   α(31,9) = 0.0481    

α(31,10) = 0.0136   α(31,12) = -0.5649   α(31,15) = -0.7740   α(31,16) = 0.4780    

α(31,17) = 0.9200   α(31,18) = -0.8583   α(31,19) = -0.0946   α(31,20) = -0.6151    

α(31,21) = -0.0091   α(31,22) = 0.0965   α(31,23) = 0.2026   α(31,24) = -0.0945    

α(31,25) = 0.6012   α(31,26) = 0.0890   α(31,27) = 0.0091   α(31,28) = 0.0965    

α(31,29) = -0.2026   α(31,31) = -1.9694   α(31,34) = -0.1264   α(31,36) = 0.3252    

α(31,37) = 0.1264   α(31,38) = 0.1603   α(31,39) = -0.3252   α(31,40) = 0.1264    

α(31,41) = -0.1603   α(31,43) = -0.1509   α(32,1) = 0.0246   α(32,2) = -0.0145    

α(32,3) = 0.0205   α(32,4) = 0.0027   α(32,5) = -0.0128   α(32,6) = -0.0088    

α(32,7) = 0.0036   α(32,8) = 0.0114   α(32,9) = -0.0418   α(32,10) = 0.0482    

α(32,11) = 0.5506   α(32,13) = 1.4152   α(32,14) = -0.5626   α(32,16) = -0.2770    

α(32,17) = -0.8578   α(32,18) = -0.0703   α(32,19) = -0.7209   α(32,20) = -0.0921    

α(32,21) = -0.1030   α(32,22) = 0.3807   α(32,23) = 0.4331   α(32,24) = 0.0435    

α(32,25) = -0.0890   α(32,26) = -0.0720   α(32,27) = -0.1030   α(32,28) = -0.3807    

α(32,29) = 0.4331   α(32,30) = 0.0009   α(32,32) = -1.9696   α(32,33) = 0.0729    

α(32,35) = -0.0415   α(32,36) = 0.1872   α(32,37) = 0.1603   α(32,38) = -0.0593    

α(32,39) = 0.1872   α(32,40) = -0.1603   α(32,41) = -0.0593   α(32,42) = -0.3753    

α(32,44) = 0.2203   α(33,1) = 0.5730   α(33,2) = 0.4874   α(33,3) = 0.2823    

α(33,4) = -0.4486   α(33,5) = -0.7767   α(33,6) = -0.0161   α(33,7) = 0.0575    

α(33,8) = -0.0333   α(33,9) = -0.0056   α(33,10) = 0.0097   α(33,11) = 0.5752    

α(33,13) = -0.5652   α(33,14) = 0.8964   α(33,16) = -0.0244   α(33,17) = -0.0322    

α(33,18) = 0.0310   α(33,19) = -0.0460   α(33,20) = -0.0290   α(33,21) = 0.4621    

α(33,22) = -0.3252   α(33,23) = 0.1872   α(33,24) = -0.0198   α(33,25) = -0.0060    

α(33,26) = -0.0033   α(33,27) = 0.4621   α(33,28) = 0.3252   α(33,29) = 0.1872    

α(33,30) = -0.0687   α(33,32) = 0.0729   α(33,33) = -1.9869   α(33,35) = 0.0009    

α(33,36) = -0.1225   α(33,37) = -0.0853   α(33,38) = 0.0606   α(33,39) = -0.1225    

α(33,40) = 0.0853   α(33,41) = 0.0606   α(33,42) = 0.0003   α(33,44) = -0.0148    

α(34,1) = 0.4779   α(34,2) = -0.9200   α(34,3) = -0.8583   α(34,4) = -0.0946    

α(34,5) = 0.6151   α(34,6) = -0.0148   α(34,7) = -0.0154   α(34,8) = 0.0036    

α(34,9) = 0.0481   α(34,10) = -0.0136   α(34,12) = 0.5649   α(34,15) = 0.7740    
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α(34,16) = -0.0181   α(34,17) = -0.0122   α(34,18) = 0.0359   α(34,19) = -0.0389    

α(34,20) = -0.0040   α(34,21) = -0.3252   α(34,22) = 0.1264   α(34,23) = -0.1603    

α(34,24) = -0.0060   α(34,25) = 0.0110   α(34,26) = -0.0085   α(34,27) = 0.3252    

α(34,28) = 0.1264   α(34,29) = 0.1603   α(34,31) = -0.1264   α(34,34) = -1.9694    

α(34,36) = 0.0091   α(34,37) = 0.0965   α(34,38) = -0.2026   α(34,39) = -0.0091    

α(34,40) = 0.0965   α(34,41) = 0.2026   α(34,43) = -0.0151   α(35,1) = 0.2770    

α(35,2) = -0.8578   α(35,3) = 0.0703   α(35,4) = 0.7208   α(35,5) = -0.0921    

α(35,6) = 0.0088   α(35,7) = 0.0036   α(35,8) = -0.0114   α(35,9) = 0.0418    

α(35,10) = 0.0482   α(35,11) = -0.5506   α(35,13) = -1.4152   α(35,14) = 0.5626    

α(35,16) = -0.0246   α(35,17) = -0.0145   α(35,18) = -0.0205   α(35,19) = -0.0027    

α(35,20) = -0.0128   α(35,21) = 0.1872   α(35,22) = -0.1603   α(35,23) = -0.0593    

α(35,24) = -0.0033   α(35,25) = -0.0085   α(35,26) = -0.0178   α(35,27) = 0.1872    

α(35,28) = 0.1603   α(35,29) = -0.0593   α(35,30) = 0.0729   α(35,32) = -0.0415    

α(35,33) = 0.0009   α(35,35) = -1.9696   α(35,36) = -0.1030   α(35,37) = -0.3807    

α(35,38) = 0.4331   α(35,39) = -0.1030   α(35,40) = 0.3807   α(35,41) = 0.4331    

α(35,42) = -0.0073   α(35,44) = 0.0036   α(36,1) = -0.0161   α(36,3) = 0.0665    

α(36,4) = 0.0110   α(36,6) = 0.5730   α(36,7) = 0.4874   α(36,8) = 0.2823    

α(36,9) = -0.4486   α(36,10) = -0.7767   α(36,11) = 0.5730   α(36,12) = -0.4874    

α(36,13) = 0.2823   α(36,14) = -0.4486   α(36,15) = 0.7767   α(36,16) = 0.5752    

α(36,18) = -0.5652   α(36,19) = 0.8964   α(36,21) = 0.4608   α(36,23) = -0.3753    

α(36,24) = 0.4621   α(36,25) = -0.3252   α(36,26) = 0.1872   α(36,27) = -0.0690    

α(36,28) = 0.0633   α(36,29) = -0.0369   α(36,30) = 0.4621   α(36,31) = 0.3252    

α(36,32) = 0.1872   α(36,33) = -0.1225   α(36,34) = 0.0091   α(36,35) = -0.1030    

α(36,36) = -1.9869   α(36,38) = 0.0009   α(36,39) = -0.1224   α(36,40) = 0.0945    

α(36,41) = 0.0435   α(36,42) = -0.1225   α(36,43) = 0.0853   α(36,44) = 0.0606    

α(37,2) = -0.0092   α(37,5) = 0.0695   α(37,6) = 0.4779   α(37,7) = -0.9200    

α(37,8) = -0.8583   α(37,9) = -0.0946   α(37,10) = 0.6151   α(37,11) = -0.4780    

α(37,12) = -0.9200   α(37,13) = 0.8583   α(37,14) = 0.0946   α(37,15) = 0.6151    

α(37,17) = 0.5649   α(37,20) = 0.7740   α(37,22) = -0.1509   α(37,24) = -0.3252    

α(37,25) = 0.1264   α(37,26) = -0.1603   α(37,27) = 0.0633   α(37,28) = -0.0629    

α(37,29) = -0.0376   α(37,30) = 0.3252   α(37,31) = 0.1264   α(37,32) = 0.1603    

α(37,33) = -0.0853   α(37,34) = 0.0965   α(37,35) = -0.3807   α(37,37) = -1.9694    
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α(37,39) = -0.0945   α(37,40) = 0.6012   α(37,41) = 0.0890   α(37,42) = -0.0091    

α(37,43) = 0.0965   α(37,44) = 0.2026   α(38,1) = -0.0173   α(38,3) = -0.0176    

α(38,4) = -0.0413   α(38,6) = 0.2770   α(38,7) = -0.8578   α(38,8) = 0.0703    

α(38,9) = 0.7208   α(38,10) = -0.0921   α(38,11) = 0.2770   α(38,12) = 0.8578    

α(38,13) = 0.0703   α(38,14) = 0.7209   α(38,15) = 0.0921   α(38,16) = -0.5506    

α(38,18) = -1.4152   α(38,19) = 0.5626   α(38,21) = -0.3753   α(38,23) = 0.2203    

α(38,24) = 0.1872   α(38,25) = -0.1603   α(38,26) = -0.0593   α(38,27) = -0.0369    

α(38,28) = -0.0376   α(38,29) = -0.1052   α(38,30) = 0.1872   α(38,31) = 0.1603    

α(38,32) = -0.0593   α(38,33) = 0.0606   α(38,34) = -0.2026   α(38,35) = 0.4331    

α(38,36) = 0.0009   α(38,38) = -1.9696   α(38,39) = 0.0435   α(38,40) = -0.0890    

α(38,41) = -0.0720   α(38,42) = -0.1030   α(38,43) = 0.3807   α(38,44) = 0.4331    

α(39,1) = -0.0242   α(39,2) = -0.0108   α(39,3) = -0.0434   α(39,4) = -0.0021    

α(39,5) = 0.0544   α(39,6) = -0.0241   α(39,7) = -0.0430   α(39,8) = 0.0123    

α(39,9) = 0.0481   α(39,10) = 0.0253   α(39,11) = 0.5730   α(39,12) = 0.4874    

α(39,13) = 0.2823   α(39,14) = -0.4486   α(39,15) = -0.7767   α(39,16) = -0.0161    

α(39,17) = 0.0575   α(39,18) = -0.0333   α(39,19) = -0.0056   α(39,20) = 0.0097    

α(39,21) = -0.0690   α(39,22) = -0.0633   α(39,23) = -0.0369   α(39,24) = -0.0198    

α(39,25) = -0.0002   α(39,26) = 0.0069   α(39,27) = 0.4608   α(39,29) = -0.3753    

α(39,30) = 0.4621   α(39,31) = -0.3252   α(39,32) = 0.1872   α(39,33) = -0.1225    

α(39,34) = -0.0091   α(39,35) = -0.1030   α(39,36) = -0.1224   α(39,37) = -0.0945    

α(39,38) = 0.0435   α(39,39) = -1.9869   α(39,41) = 0.0009   α(39,42) = -0.1225    

α(39,43) = -0.0853   α(39,44) = 0.0606   α(40,1) = 0.0303   α(40,2) = -0.0092    

α(40,3) = 0.0162   α(40,4) = 0.0004   α(40,5) = -0.0255   α(40,6) = 0.0121    

α(40,7) = -0.0278   α(40,8) = -0.0233   α(40,9) = 0.0010   α(40,10) = 0.0193    

α(40,11) = 0.4779   α(40,12) = -0.9200   α(40,13) = -0.8583   α(40,14) = -0.0946    

α(40,15) = 0.6151   α(40,16) = -0.0148   α(40,17) = -0.0154   α(40,18) = 0.0036    

α(40,19) = 0.0481   α(40,20) = -0.0136   α(40,21) = -0.0633   α(40,22) = -0.0629    

α(40,23) = 0.0376   α(40,24) = -0.0002   α(40,25) = -0.0032   α(40,26) = -0.0167    

α(40,28) = -0.1509   α(40,30) = -0.3252   α(40,31) = 0.1264   α(40,32) = -0.1603    

α(40,33) = 0.0853   α(40,34) = 0.0965   α(40,35) = 0.3807   α(40,36) = 0.0945    

α(40,37) = 0.6012   α(40,38) = -0.0890   α(40,40) = -1.9694   α(40,42) = 0.0091    

α(40,43) = 0.0965   α(40,44) = -0.2026   α(41,1) = -0.0034   α(41,2) = -0.0342    
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α(41,3) = -0.0236   α(41,4) = 0.0187   α(41,5) = 0.0268   α(41,6) = 0.0279    

α(41,7) = 0.0269   α(41,8) = -0.0050   α(41,9) = -0.0262   α(41,10) = -0.0255    

α(41,11) = 0.2770   α(41,12) = -0.8578   α(41,13) = 0.0703   α(41,14) = 0.7208    

α(41,15) = -0.0921   α(41,16) = 0.0088   α(41,17) = 0.0036   α(41,18) = -0.0114    

α(41,19) = 0.0418   α(41,20) = 0.0482   α(41,21) = -0.0369   α(41,22) = 0.0376    

α(41,23) = -0.1052   α(41,24) = 0.0069   α(41,25) = -0.0167   α(41,26) = -0.0036    

α(41,27) = -0.3753   α(41,29) = 0.2203   α(41,30) = 0.1872   α(41,31) = -0.1603    

α(41,32) = -0.0593   α(41,33) = 0.0606   α(41,34) = 0.2026   α(41,35) = 0.4331    

α(41,36) = 0.0435   α(41,37) = 0.0890   α(41,38) = -0.0720   α(41,39) = 0.0009    

α(41,41) = -1.9696   α(41,42) = -0.1030   α(41,43) = -0.3807   α(41,44) = 0.4331    

α(42,6) = -0.0242   α(42,7) = -0.0108   α(42,8) = -0.0434   α(42,9) = -0.0021    

α(42,10) = 0.0544   α(42,11) = -0.0161   α(42,13) = 0.0665   α(42,14) = 0.0110    

α(42,16) = 0.5730   α(42,17) = 0.4874   α(42,18) = 0.2823   α(42,19) = -0.4486    

α(42,20) = -0.7767   α(42,21) = -0.0198   α(42,22) = 0.0059   α(42,23) = -0.0035    

α(42,24) = -0.0690   α(42,25) = -0.0633   α(42,26) = -0.0369   α(42,27) = -0.0198    

α(42,28) = -0.0059   α(42,29) = -0.0035   α(42,30) = 0.4608   α(42,32) = -0.3753    

α(42,33) = 0.0003   α(42,35) = -0.0073   α(42,36) = -0.1225   α(42,37) = -0.0091    

α(42,38) = -0.1030   α(42,39) = -0.1225   α(42,40) = 0.0091   α(42,41) = -0.1030    

α(42,42) = -1.9869   α(42,44) = 0.0009   α(43,6) = 0.0303   α(43,7) = -0.0092    

α(43,8) = 0.0162   α(43,9) = 0.0004   α(43,10) = -0.0255   α(43,12) = -0.0092    

α(43,15) = 0.0695   α(43,16) = 0.4779   α(43,17) = -0.9200   α(43,18) = -0.8583    

α(43,19) = -0.0946   α(43,20) = 0.6151   α(43,21) = 0.0059   α(43,22) = -0.0180    

α(43,23) = -0.0082   α(43,24) = -0.0633   α(43,25) = -0.0629   α(43,26) = 0.0376    

α(43,27) = -0.0059   α(43,28) = -0.0180   α(43,29) = 0.0082   α(43,31) = -0.1509    

α(43,34) = -0.0151   α(43,36) = 0.0853   α(43,37) = 0.0965   α(43,38) = 0.3807    

α(43,39) = -0.0853   α(43,40) = 0.0965   α(43,41) = -0.3807   α(43,43) = -1.9694    

α(44,6) = -0.0034   α(44,7) = -0.0342   α(44,8) = -0.0236   α(44,9) = 0.0187    

α(44,10) = 0.0268   α(44,11) = -0.0173   α(44,13) = -0.0176   α(44,14) = -0.0413    

α(44,16) = 0.2770   α(44,17) = -0.8578   α(44,18) = 0.0703   α(44,19) = 0.7208    

α(44,20) = -0.0921   α(44,21) = -0.0035   α(44,22) = -0.0082   α(44,23) = 0.0112    

α(44,24) = -0.0369   α(44,25) = 0.0376   α(44,26) = -0.1052   α(44,27) = -0.0035    

α(44,28) = 0.0082   α(44,29) = 0.0112   α(44,30) = -0.3753   α(44,32) = 0.2203    
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α(44,33) = -0.0148   α(44,35) = 0.0036   α(44,36) = 0.0606   α(44,37) = 0.2026    

α(44,38) = 0.4331   α(44,39) = 0.0606   α(44,40) = -0.2026   α(44,41) = 0.4331    

α(44,42) = 0.0009   α(44,44) = -1.9696    

 

 

 

β(1,1) = -0.0114   β(1,2) = -0.0027   β(1,3) = -0.0016   β(1,4) = 0.0054    

β(1,5) = 0.0093   β(1,6) = 0.0104   β(1,7) = -0.0026   β(1,8) = 0.0015    

β(1,9) = 0.0083   β(1,10) = -0.0144   β(2,1) = -0.0027   β(2,2) = -0.0117    

β(2,3) = 0.0019   β(2,4) = 0.0098   β(2,5) = 0.0044   β(2,6) = -0.0026    

β(2,7) = 0.0040   β(2,8) = 0.0268   β(2,9) = -0.0202   β(2,10) = 0.0094    

β(3,1) = -0.0016   β(3,2) = 0.0019   β(3,3) = -0.0140   β(3,4) = -0.0068    

β(3,5) = 0.0098   β(3,6) = 0.0015   β(3,7) = 0.0268   β(3,8) = 0.0349    

β(3,9) = -0.0139   β(3,10) = -0.0202   β(4,1) = 0.0054   β(4,2) = 0.0098    

β(4,3) = -0.0068   β(4,4) = 0.0042   β(4,5) = 0.0046   β(4,6) = 0.0083    

β(4,7) = -0.0202   β(4,8) = -0.0139   β(4,9) = 0.0252   β(4,10) = 0.0078    

β(5,1) = 0.0093   β(5,2) = 0.0044   β(5,3) = 0.0098   β(5,4) = 0.0046    

β(5,5) = 0.0095   β(5,6) = -0.0144   β(5,7) = 0.0094   β(5,8) = -0.0202    

β(5,9) = 0.0078   β(5,10) = 0.0163   β(6,1) = 0.0103   β(6,3) = -0.0029    

β(6,4) = -0.0166   β(6,6) = -0.0114   β(6,7) = -0.0027   β(6,8) = -0.0016    

β(6,9) = 0.0054   β(6,10) = 0.0093   β(7,2) = 0.0505   β(7,5) = -0.0256    

β(7,6) = -0.0027   β(7,7) = -0.0117   β(7,8) = 0.0019   β(7,9) = 0.0098    

β(7,10) = 0.0044   β(8,1) = -0.0029   β(8,3) = -0.0115   β(8,4) = 0.0211    

β(8,6) = -0.0016   β(8,7) = 0.0019   β(8,8) = -0.0140   β(8,9) = -0.0068    

β(8,10) = 0.0098   β(9,1) = -0.0166   β(9,3) = 0.0211   β(9,4) = 0.0118    

β(9,6) = 0.0054   β(9,7) = 0.0098   β(9,8) = -0.0068   β(9,9) = 0.0042    

β(9,10) = 0.0046   β(10,2) = -0.0256   β(10,5) = 0.0297   β(10,6) = 0.0093    

β(10,7) = 0.0044   β(10,8) = 0.0098   β(10,9) = 0.0046   β(10,10) = 0.0095    

β(11,1) = -0.1177   β(11,3) = 0.1426   β(11,4) = 0.2961   β(11,6) = -0.1192    

β(11,7) = 0.1246   β(11,8) = -0.0711   β(11,9) = -0.1485   β(11,10) = 0.2573    

β(11,11) = -0.0114   β(11,12) = -0.0027   β(11,13) = -0.0016   β(11,14) = 0.0054    

β(11,15) = 0.0093   β(11,16) = 0.0104   β(11,17) = -0.0026   β(11,18) = 0.0015    
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β(11,19) = 0.0083   β(11,20) = -0.0144   β(11,21) = 0.0161   β(11,22) = -0.0148    

β(11,23) = -0.0088   β(11,24) = 0.0244   β(11,25) = -0.0181   β(11,26) = 0.0246    

β(11,33) = -0.0241   β(11,34) = 0.0121   β(11,35) = 0.0279   β(11,36) = -0.0242    

β(11,37) = 0.0303   β(11,38) = -0.0034   β(12,2) = -0.1386   β(12,5) = 0.2864    

β(12,6) = 0.1246   β(12,7) = -0.0911   β(12,8) = -0.0275   β(12,9) = 0.2018    

β(12,10) = -0.0639   β(12,11) = -0.0027   β(12,12) = -0.0117   β(12,13) = 0.0019    

β(12,14) = 0.0098   β(12,15) = 0.0044   β(12,16) = -0.0026   β(12,17) = 0.0040    

β(12,18) = 0.0268   β(12,19) = -0.0202   β(12,20) = 0.0094   β(12,21) = 0.0575    

β(12,22) = 0.0154   β(12,23) = 0.0036   β(12,24) = -0.0322   β(12,25) = 0.0122    

β(12,26) = -0.0145   β(12,33) = -0.0430   β(12,34) = -0.0278   β(12,35) = 0.0269    

β(12,36) = -0.0108   β(12,37) = -0.0092   β(12,38) = -0.0342   β(13,1) = 0.1426    

β(13,3) = -0.0744   β(13,4) = -0.1800   β(13,6) = -0.0711   β(13,7) = -0.0275    

β(13,8) = -0.1226   β(13,9) = 0.1693   β(13,10) = 0.2015   β(13,11) = -0.0016    

β(13,12) = 0.0019   β(13,13) = -0.0140   β(13,14) = -0.0068   β(13,15) = 0.0098    

β(13,16) = 0.0015   β(13,17) = 0.0268   β(13,18) = 0.0349   β(13,19) = -0.0139    

β(13,20) = -0.0202   β(13,21) = 0.0333   β(13,22) = 0.0036   β(13,23) = 0.0114    

β(13,24) = -0.0310   β(13,25) = 0.0359   β(13,26) = 0.0205   β(13,33) = 0.0123    

β(13,34) = -0.0233   β(13,35) = -0.0050   β(13,36) = -0.0434   β(13,37) = 0.0162    

β(13,38) = -0.0236   β(14,1) = 0.2961   β(14,3) = -0.1800   β(14,4) = -0.3267    

β(14,6) = -0.1485   β(14,7) = 0.2018   β(14,8) = 0.1693   β(14,9) = -0.0308    

β(14,10) = 0.1698   β(14,11) = 0.0054   β(14,12) = 0.0098   β(14,13) = -0.0068    

β(14,14) = 0.0042   β(14,15) = 0.0046   β(14,16) = 0.0083   β(14,17) = -0.0202    

β(14,18) = -0.0139   β(14,19) = 0.0252   β(14,20) = 0.0078   β(14,21) = 0.0056    

β(14,22) = 0.0481   β(14,23) = -0.0418   β(14,24) = 0.0460   β(14,25) = -0.0389    

β(14,26) = 0.0027   β(14,33) = 0.0481   β(14,34) = 0.0010   β(14,35) = -0.0262    

β(14,36) = -0.0021   β(14,37) = 0.0004   β(14,38) = 0.0187   β(15,2) = 0.2864    

β(15,5) = 0.0667   β(15,6) = 0.2573   β(15,7) = -0.0639   β(15,8) = 0.2015    

β(15,9) = 0.1698   β(15,10) = -0.2275   β(15,11) = 0.0093   β(15,12) = 0.0044    

β(15,13) = 0.0098   β(15,14) = 0.0046   β(15,15) = 0.0095   β(15,16) = -0.0144    

β(15,17) = 0.0094   β(15,18) = -0.0202   β(15,19) = 0.0078   β(15,20) = 0.0163    

β(15,21) = 0.0097   β(15,22) = 0.0136   β(15,23) = 0.0482   β(15,24) = -0.0290    

β(15,25) = 0.0040   β(15,26) = -0.0128   β(15,33) = 0.0253   β(15,34) = 0.0193    
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β(15,35) = -0.0255   β(15,36) = 0.0544   β(15,37) = -0.0255   β(15,38) = 0.0268    

β(16,1) = -0.0114   β(16,2) = 0.0027   β(16,3) = -0.0016   β(16,4) = 0.0054    

β(16,5) = -0.0093   β(16,6) = -0.1177   β(16,8) = 0.1426   β(16,9) = 0.2961    

β(16,11) = 0.0103   β(16,13) = -0.0029   β(16,14) = -0.0166   β(16,16) = -0.0114    

β(16,17) = -0.0027   β(16,18) = -0.0016   β(16,19) = 0.0054   β(16,20) = 0.0093    

β(16,21) = 0.0241   β(16,22) = 0.0121   β(16,23) = -0.0279   β(16,24) = 0.0161    

β(16,25) = -0.0148   β(16,26) = -0.0088   β(16,36) = -0.0241   β(16,37) = 0.0121    

β(16,38) = 0.0279   β(17,1) = 0.0027   β(17,2) = -0.0117   β(17,3) = -0.0019    

β(17,4) = -0.0098   β(17,5) = 0.0044   β(17,7) = -0.1386   β(17,10) = 0.2864    

β(17,12) = 0.0505   β(17,15) = -0.0256   β(17,16) = -0.0027   β(17,17) = -0.0117    

β(17,18) = 0.0019   β(17,19) = 0.0098   β(17,20) = 0.0044   β(17,21) = -0.0430    

β(17,22) = 0.0278   β(17,23) = 0.0269   β(17,24) = 0.0575   β(17,25) = 0.0154    

β(17,26) = 0.0036   β(17,36) = -0.0430   β(17,37) = -0.0278   β(17,38) = 0.0269    

β(18,1) = -0.0016   β(18,2) = -0.0019   β(18,3) = -0.0140   β(18,4) = -0.0068    

β(18,5) = -0.0098   β(18,6) = 0.1426   β(18,8) = -0.0744   β(18,9) = -0.1800    

β(18,11) = -0.0029   β(18,13) = -0.0115   β(18,14) = 0.0211   β(18,16) = -0.0016    

β(18,17) = 0.0019   β(18,18) = -0.0140   β(18,19) = -0.0068   β(18,20) = 0.0098    

β(18,21) = -0.0123   β(18,22) = -0.0233   β(18,23) = 0.0050   β(18,24) = 0.0333    

β(18,25) = 0.0036   β(18,26) = 0.0114   β(18,36) = 0.0123   β(18,37) = -0.0233    

β(18,38) = -0.0050   β(19,1) = 0.0054   β(19,2) = -0.0098   β(19,3) = -0.0068    

β(19,4) = 0.0042   β(19,5) = -0.0046   β(19,6) = 0.2961   β(19,8) = -0.1800    

β(19,9) = -0.3267   β(19,11) = -0.0166   β(19,13) = 0.0211   β(19,14) = 0.0118    

β(19,16) = 0.0054   β(19,17) = 0.0098   β(19,18) = -0.0068   β(19,19) = 0.0042    

β(19,20) = 0.0046   β(19,21) = -0.0481   β(19,22) = 0.0010   β(19,23) = 0.0262    

β(19,24) = 0.0056   β(19,25) = 0.0481   β(19,26) = -0.0418   β(19,36) = 0.0481    

β(19,37) = 0.0010   β(19,38) = -0.0262   β(20,1) = -0.0093   β(20,2) = 0.0044    

β(20,3) = -0.0098   β(20,4) = -0.0046   β(20,5) = 0.0095   β(20,7) = 0.2864    

β(20,10) = 0.0667   β(20,12) = -0.0256   β(20,15) = 0.0297   β(20,16) = 0.0093    

β(20,17) = 0.0044   β(20,18) = 0.0098   β(20,19) = 0.0046   β(20,20) = 0.0095    

β(20,21) = 0.0253   β(20,22) = -0.0193   β(20,23) = -0.0255   β(20,24) = 0.0097    

β(20,25) = 0.0136   β(20,26) = 0.0482   β(20,36) = 0.0253   β(20,37) = 0.0193    

β(20,38) = -0.0255   β(21,1) = 0.0241   β(21,2) = 0.0430   β(21,3) = -0.0123    
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β(21,4) = -0.0481   β(21,5) = -0.0253   β(21,6) = 0.0242   β(21,7) = 0.0108    

β(21,8) = 0.0434   β(21,9) = 0.0021   β(21,10) = -0.0544   β(21,21) = 0.0004    

β(21,22) = 0.0128   β(21,23) = 0.0074   β(21,24) = 0.0039   β(21,25) = -0.0041    

β(21,26) = 0.0027   β(22,1) = -0.0121   β(22,2) = 0.0278   β(22,3) = 0.0233    

β(22,4) = -0.0010   β(22,5) = -0.0193   β(22,6) = -0.0303   β(22,7) = 0.0092    

β(22,8) = -0.0162   β(22,9) = -0.0004   β(22,10) = 0.0255   β(22,21) = 0.0063    

β(22,22) = -0.0011   β(22,23) = 0.0081   β(22,24) = -0.0044   β(22,25) = 0.0105    

β(22,26) = 0.0177   β(23,1) = -0.0279   β(23,2) = -0.0269   β(23,3) = 0.0050    

β(23,4) = 0.0262   β(23,5) = 0.0255   β(23,6) = 0.0034   β(23,7) = 0.0342    

β(23,8) = 0.0236   β(23,9) = -0.0187   β(23,10) = -0.0268   β(23,21) = 0.0036    

β(23,22) = 0.0081   β(23,23) = -0.0104   β(23,24) = 0.0023   β(23,25) = 0.0207    

β(23,26) = 0.0327   β(24,6) = 0.0241   β(24,7) = 0.0430   β(24,8) = -0.0123    

β(24,9) = -0.0481   β(24,10) = -0.0253   β(24,21) = 0.0038   β(24,22) = 0.0002    

β(24,23) = -0.0049   β(24,24) = 0.0004   β(24,25) = 0.0128   β(24,26) = 0.0074    

β(25,6) = -0.0121   β(25,7) = 0.0278   β(25,8) = 0.0233   β(25,9) = -0.0010    

β(25,10) = -0.0193   β(25,21) = -0.0002   β(25,22) = 0.0438   β(25,23) = 0.0015    

β(25,24) = 0.0063   β(25,25) = -0.0011   β(25,26) = 0.0081   β(26,6) = -0.0279    

β(26,7) = -0.0269   β(26,8) = 0.0050   β(26,9) = 0.0262   β(26,10) = 0.0255    

β(26,21) = -0.0049   β(26,22) = -0.0015   β(26,23) = -0.0006   β(26,24) = 0.0036    

β(26,25) = 0.0081   β(26,26) = -0.0104   β(27,1) = -0.5730   β(27,2) = -0.4874    

β(27,3) = -0.2823   β(27,4) = 0.4486   β(27,5) = 0.7767   β(27,6) = 0.0161    

β(27,8) = -0.0665   β(27,9) = -0.0110   β(27,11) = 0.0242   β(27,12) = 0.0108    

β(27,13) = 0.0434   β(27,14) = 0.0021   β(27,15) = -0.0544   β(27,21) = -0.1225    

β(27,22) = -0.0091   β(27,23) = -0.1030   β(27,24) = 0.0003   β(27,26) = -0.0073    

β(27,27) = 0.0004   β(27,28) = 0.0128   β(27,29) = 0.0074   β(27,30) = 0.0039    

β(27,31) = -0.0041   β(27,32) = 0.0027   β(27,33) = -0.0690   β(27,34) = -0.0633    

β(27,35) = -0.0369   β(27,36) = -0.0198   β(27,37) = 0.0059   β(27,38) = -0.0035    

β(28,1) = -0.4779   β(28,2) = 0.9200   β(28,3) = 0.8583   β(28,4) = 0.0946    

β(28,5) = -0.6151   β(28,7) = 0.0092   β(28,10) = -0.0695   β(28,11) = -0.0303    

β(28,12) = 0.0092   β(28,13) = -0.0162   β(28,14) = -0.0004   β(28,15) = 0.0255    

β(28,21) = 0.0853   β(28,22) = 0.0965   β(28,23) = 0.3807   β(28,25) = -0.0151    

β(28,27) = 0.0063   β(28,28) = -0.0011   β(28,29) = 0.0081   β(28,30) = -0.0044    
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β(28,31) = 0.0105   β(28,32) = 0.0177   β(28,33) = -0.0633   β(28,34) = -0.0629    

β(28,35) = 0.0376   β(28,36) = 0.0059   β(28,37) = -0.0180   β(28,38) = -0.0082    

β(29,1) = -0.2770   β(29,2) = 0.8578   β(29,3) = -0.0703   β(29,4) = -0.7208    

β(29,5) = 0.0921   β(29,6) = 0.0173   β(29,8) = 0.0176   β(29,9) = 0.0413    

β(29,11) = 0.0034   β(29,12) = 0.0342   β(29,13) = 0.0236   β(29,14) = -0.0187    

β(29,15) = -0.0268   β(29,21) = 0.0606   β(29,22) = 0.2026   β(29,23) = 0.4331    

β(29,24) = -0.0148   β(29,26) = 0.0036   β(29,27) = 0.0036   β(29,28) = 0.0081    

β(29,29) = -0.0104   β(29,30) = 0.0023   β(29,31) = 0.0207   β(29,32) = 0.0327    

β(29,33) = -0.0369   β(29,34) = 0.0376   β(29,35) = -0.1052   β(29,36) = -0.0035    

β(29,37) = -0.0082   β(29,38) = 0.0112   β(30,1) = 0.0161   β(30,2) = -0.0575    

β(30,3) = 0.0333   β(30,4) = 0.0056   β(30,5) = -0.0097   β(30,6) = -0.5730    

β(30,7) = -0.4874   β(30,8) = -0.2823   β(30,9) = 0.4486   β(30,10) = 0.7767    

β(30,11) = 0.0241   β(30,12) = 0.0430   β(30,13) = -0.0123   β(30,14) = -0.0481    

β(30,15) = -0.0253   β(30,16) = 0.0242   β(30,17) = 0.0108   β(30,18) = 0.0434    

β(30,19) = 0.0021   β(30,20) = -0.0544   β(30,21) = -0.1224   β(30,22) = -0.0945    

β(30,23) = 0.0435   β(30,24) = -0.1225   β(30,25) = -0.0091   β(30,26) = -0.1030    

β(30,27) = 0.0038   β(30,28) = 0.0002   β(30,29) = -0.0049   β(30,30) = 0.0004    

β(30,31) = 0.0128   β(30,32) = 0.0074   β(30,33) = -0.0198   β(30,34) = -0.0002    

β(30,35) = 0.0069   β(30,36) = -0.0690   β(30,37) = -0.0633   β(30,38) = -0.0369    

β(31,1) = 0.0148   β(31,2) = 0.0154   β(31,3) = -0.0036   β(31,4) = -0.0481    

β(31,5) = 0.0136   β(31,6) = -0.4779   β(31,7) = 0.9200   β(31,8) = 0.8583    

β(31,9) = 0.0946   β(31,10) = -0.6151   β(31,11) = -0.0121   β(31,12) = 0.0278    

β(31,13) = 0.0233   β(31,14) = -0.0010   β(31,15) = -0.0193   β(31,16) = -0.0303    

β(31,17) = 0.0092   β(31,18) = -0.0162   β(31,19) = -0.0004   β(31,20) = 0.0255    

β(31,21) = 0.0945   β(31,22) = 0.6012   β(31,23) = -0.0890   β(31,24) = 0.0853    

β(31,25) = 0.0965   β(31,26) = 0.3807   β(31,27) = -0.0002   β(31,28) = 0.0438    

β(31,29) = 0.0015   β(31,30) = 0.0063   β(31,31) = -0.0011   β(31,32) = 0.0081    

β(31,33) = -0.0002   β(31,34) = -0.0032   β(31,35) = -0.0167   β(31,36) = -0.0633    

β(31,37) = -0.0629   β(31,38) = 0.0376   β(32,1) = -0.0088   β(32,2) = -0.0036    

β(32,3) = 0.0114   β(32,4) = -0.0418   β(32,5) = -0.0482   β(32,6) = -0.2770    

β(32,7) = 0.8578   β(32,8) = -0.0703   β(32,9) = -0.7208   β(32,10) = 0.0921    

β(32,11) = -0.0279   β(32,12) = -0.0269   β(32,13) = 0.0050   β(32,14) = 0.0262    
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β(32,15) = 0.0255   β(32,16) = 0.0034   β(32,17) = 0.0342   β(32,18) = 0.0236    

β(32,19) = -0.0187   β(32,20) = -0.0268   β(32,21) = 0.0435   β(32,22) = 0.0890    

β(32,23) = -0.0720   β(32,24) = 0.0606   β(32,25) = 0.2026   β(32,26) = 0.4331    

β(32,27) = -0.0049   β(32,28) = -0.0015   β(32,29) = -0.0006   β(32,30) = 0.0036    

β(32,31) = 0.0081   β(32,32) = -0.0104   β(32,33) = 0.0069   β(32,34) = -0.0167    

β(32,35) = -0.0036   β(32,36) = -0.0369   β(32,37) = 0.0376   β(32,38) = -0.1052    

β(33,1) = -0.0161   β(33,2) = -0.0575   β(33,3) = -0.0333   β(33,4) = -0.0056    

β(33,5) = -0.0097   β(33,6) = -0.0244   β(33,7) = 0.0322   β(33,8) = 0.0310    

β(33,9) = -0.0460   β(33,10) = 0.0290   β(33,21) = -0.0198   β(33,22) = 0.0060    

β(33,23) = -0.0033   β(33,33) = 0.0004   β(33,34) = 0.0063   β(33,35) = 0.0036    

β(33,36) = 0.0039   β(33,37) = -0.0044   β(33,38) = 0.0023   β(34,1) = 0.0148    

β(34,2) = -0.0154   β(34,3) = -0.0036   β(34,4) = -0.0481   β(34,5) = -0.0136    

β(34,6) = 0.0181   β(34,7) = -0.0122   β(34,8) = -0.0359   β(34,9) = 0.0389    

β(34,10) = -0.0040   β(34,21) = 0.0060   β(34,22) = 0.0110   β(34,23) = 0.0085    

β(34,33) = 0.0128   β(34,34) = -0.0011   β(34,35) = 0.0081   β(34,36) = -0.0041    

β(34,37) = 0.0105   β(34,38) = 0.0207   β(35,1) = 0.0088   β(35,2) = -0.0036    

β(35,3) = -0.0114   β(35,4) = 0.0418   β(35,5) = -0.0482   β(35,6) = -0.0246    

β(35,7) = 0.0145   β(35,8) = -0.0205   β(35,9) = -0.0027   β(35,10) = 0.0128    

β(35,21) = -0.0033   β(35,22) = 0.0085   β(35,23) = -0.0178   β(35,33) = 0.0074    

β(35,34) = 0.0081   β(35,35) = -0.0104   β(35,36) = 0.0027   β(35,37) = 0.0177    

β(35,38) = 0.0327   β(36,1) = -0.0241   β(36,2) = 0.0430   β(36,3) = 0.0123    

β(36,4) = 0.0481   β(36,5) = -0.0253   β(36,6) = -0.0161   β(36,7) = -0.0575    

β(36,8) = -0.0333   β(36,9) = -0.0056   β(36,10) = -0.0097   β(36,21) = -0.0198    

β(36,22) = 0.0002   β(36,23) = 0.0069   β(36,24) = -0.0198   β(36,25) = 0.0060    

β(36,26) = -0.0033   β(36,33) = 0.0038   β(36,34) = -0.0002   β(36,35) = -0.0049    

β(36,36) = 0.0004   β(36,37) = 0.0063   β(36,38) = 0.0036   β(37,1) = -0.0121    

β(37,2) = -0.0278   β(37,3) = 0.0233   β(37,4) = -0.0010   β(37,5) = 0.0193    

β(37,6) = 0.0148   β(37,7) = -0.0154   β(37,8) = -0.0036   β(37,9) = -0.0481    

β(37,10) = -0.0136   β(37,21) = 0.0002   β(37,22) = -0.0032   β(37,23) = 0.0167    

β(37,24) = 0.0060   β(37,25) = 0.0110   β(37,26) = 0.0085   β(37,33) = 0.0002    

β(37,34) = 0.0438   β(37,35) = -0.0015   β(37,36) = 0.0128   β(37,37) = -0.0011    

β(37,38) = 0.0081   β(38,1) = 0.0279   β(38,2) = -0.0269   β(38,3) = -0.0050    
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β(38,4) = -0.0262   β(38,5) = 0.0255   β(38,6) = 0.0088   β(38,7) = -0.0036    

β(38,8) = -0.0114   β(38,9) = 0.0418   β(38,10) = -0.0482   β(38,21) = 0.0069    

β(38,22) = 0.0167   β(38,23) = -0.0036   β(38,24) = -0.0033   β(38,25) = 0.0085    

β(38,26) = -0.0178   β(38,33) = -0.0049   β(38,34) = 0.0015   β(38,35) = -0.0006    

β(38,36) = 0.0074   β(38,37) = 0.0081   β(38,38) = -0.0104   β(39,1) = 0.5730    

β(39,2) = -0.4874   β(39,3) = 0.2823   β(39,4) = -0.4486   β(39,5) = 0.7767    

β(39,6) = 0.5752   β(39,8) = -0.5652   β(39,9) = 0.8964   β(39,11) = -0.0161    

β(39,12) = -0.0575   β(39,13) = -0.0333   β(39,14) = -0.0056   β(39,15) = -0.0097    

β(39,16) = -0.0244   β(39,17) = 0.0322   β(39,18) = 0.0310   β(39,19) = -0.0460    

β(39,20) = 0.0290   β(39,21) = 0.4621   β(39,22) = 0.3252   β(39,23) = 0.1872    

β(39,24) = -0.0687   β(39,26) = 0.0729   β(39,27) = -0.0198   β(39,28) = 0.0002    

β(39,29) = 0.0069   β(39,30) = -0.0198   β(39,31) = 0.0060   β(39,32) = -0.0033    

β(39,33) = -0.1224   β(39,34) = 0.0945   β(39,35) = 0.0435   β(39,36) = -0.1225    

β(39,37) = 0.0853   β(39,38) = 0.0606   β(39,39) = 0.0004   β(39,40) = 0.0063    

β(39,41) = 0.0036   β(39,42) = 0.0039   β(39,43) = -0.0044   β(39,44) = 0.0023    

β(40,1) = -0.4780   β(40,2) = -0.9200   β(40,3) = 0.8583   β(40,4) = 0.0946    

β(40,5) = 0.6151   β(40,7) = 0.5649   β(40,10) = 0.7740   β(40,11) = 0.0148    

β(40,12) = -0.0154   β(40,13) = -0.0036   β(40,14) = -0.0481   β(40,15) = -0.0136    

β(40,16) = 0.0181   β(40,17) = -0.0122   β(40,18) = -0.0359   β(40,19) = 0.0389    

β(40,20) = -0.0040   β(40,21) = 0.3252   β(40,22) = 0.1264   β(40,23) = 0.1603    

β(40,25) = -0.1264   β(40,27) = 0.0002   β(40,28) = -0.0032   β(40,29) = 0.0167    

β(40,30) = 0.0060   β(40,31) = 0.0110   β(40,32) = 0.0085   β(40,33) = -0.0945    

β(40,34) = 0.6012   β(40,35) = 0.0890   β(40,36) = -0.0091   β(40,37) = 0.0965    

β(40,38) = 0.2026   β(40,39) = 0.0128   β(40,40) = -0.0011   β(40,41) = 0.0081    

β(40,42) = -0.0041   β(40,43) = 0.0105   β(40,44) = 0.0207   β(41,1) = 0.2770    

β(41,2) = 0.8578   β(41,3) = 0.0703   β(41,4) = 0.7209   β(41,5) = 0.0921    

β(41,6) = -0.5506   β(41,8) = -1.4152   β(41,9) = 0.5626   β(41,11) = 0.0088    

β(41,12) = -0.0036   β(41,13) = -0.0114   β(41,14) = 0.0418   β(41,15) = -0.0482    

β(41,16) = -0.0246   β(41,17) = 0.0145   β(41,18) = -0.0205   β(41,19) = -0.0027    

β(41,20) = 0.0128   β(41,21) = 0.1872   β(41,22) = 0.1603   β(41,23) = -0.0593    

β(41,24) = 0.0729   β(41,26) = -0.0415   β(41,27) = 0.0069   β(41,28) = 0.0167    

β(41,29) = -0.0036   β(41,30) = -0.0033   β(41,31) = 0.0085   β(41,32) = -0.0178    
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β(41,33) = 0.0435   β(41,34) = -0.0890   β(41,35) = -0.0720   β(41,36) = -0.1030    

β(41,37) = 0.3807   β(41,38) = 0.4331   β(41,39) = 0.0074   β(41,40) = 0.0081    

β(41,41) = -0.0104   β(41,42) = 0.0027   β(41,43) = 0.0177   β(41,44) = 0.0327    

β(42,1) = -0.0242   β(42,2) = 0.0108   β(42,3) = -0.0434   β(42,4) = -0.0021    

β(42,5) = -0.0544   β(42,6) = 0.5730   β(42,7) = -0.4874   β(42,8) = 0.2823    

β(42,9) = -0.4486   β(42,10) = 0.7767   β(42,11) = -0.0241   β(42,12) = 0.0430    

β(42,13) = 0.0123   β(42,14) = 0.0481   β(42,15) = -0.0253   β(42,16) = -0.0161    

β(42,17) = -0.0575   β(42,18) = -0.0333   β(42,19) = -0.0056   β(42,20) = -0.0097    

β(42,21) = -0.0690   β(42,22) = 0.0633   β(42,23) = -0.0369   β(42,24) = 0.4621    

β(42,25) = 0.3252   β(42,26) = 0.1872   β(42,30) = -0.0198   β(42,31) = 0.0002    

β(42,32) = 0.0069   β(42,33) = 0.0004   β(42,34) = -0.0128   β(42,35) = 0.0074    

β(42,36) = -0.1224   β(42,37) = 0.0945   β(42,38) = 0.0435   β(42,39) = 0.0038    

β(42,40) = -0.0002   β(42,41) = -0.0049   β(42,42) = 0.0004   β(42,43) = 0.0063    

β(42,44) = 0.0036   β(43,1) = -0.0303   β(43,2) = -0.0092   β(43,3) = -0.0162    

β(43,4) = -0.0004   β(43,5) = -0.0255   β(43,6) = -0.4780   β(43,7) = -0.9200    

β(43,8) = 0.8583   β(43,9) = 0.0946   β(43,10) = 0.6151   β(43,11) = -0.0121    

β(43,12) = -0.0278   β(43,13) = 0.0233   β(43,14) = -0.0010   β(43,15) = 0.0193    

β(43,16) = 0.0148   β(43,17) = -0.0154   β(43,18) = -0.0036   β(43,19) = -0.0481    

β(43,20) = -0.0136   β(43,21) = 0.0633   β(43,22) = -0.0629   β(43,23) = -0.0376    

β(43,24) = 0.3252   β(43,25) = 0.1264   β(43,26) = 0.1603   β(43,30) = 0.0002    

β(43,31) = -0.0032   β(43,32) = 0.0167   β(43,33) = -0.0063   β(43,34) = -0.0011    

β(43,35) = -0.0081   β(43,36) = -0.0945   β(43,37) = 0.6012   β(43,38) = 0.0890    

β(43,39) = 0.0002   β(43,40) = 0.0438   β(43,41) = -0.0015   β(43,42) = 0.0128    

β(43,43) = -0.0011   β(43,44) = 0.0081   β(44,1) = -0.0034   β(44,2) = 0.0342    

β(44,3) = -0.0236   β(44,4) = 0.0187   β(44,5) = -0.0268   β(44,6) = 0.2770    

β(44,7) = 0.8578   β(44,8) = 0.0703   β(44,9) = 0.7209   β(44,10) = 0.0921    

β(44,11) = 0.0279   β(44,12) = -0.0269   β(44,13) = -0.0050   β(44,14) = -0.0262    

β(44,15) = 0.0255   β(44,16) = 0.0088   β(44,17) = -0.0036   β(44,18) = -0.0114    

β(44,19) = 0.0418   β(44,20) = -0.0482   β(44,21) = -0.0369   β(44,22) = -0.0376    

β(44,23) = -0.1052   β(44,24) = 0.1872   β(44,25) = 0.1603   β(44,26) = -0.0593    

β(44,30) = 0.0069   β(44,31) = 0.0167   β(44,32) = -0.0036   β(44,33) = 0.0036    

β(44,34) = -0.0081   β(44,35) = -0.0104   β(44,36) = 0.0435   β(44,37) = -0.0890    
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β(44,38) = -0.0720   β(44,39) = -0.0049   β(44,40) = 0.0015   β(44,41) = -0.0006    

β(44,42) = 0.0074   β(44,43) = 0.0081   β(44,44) = -0.0104    

 

 

 

γ(1,1) = 0.0104   γ(1,2) = 0.0026   γ(1,3) = 0.0015   γ(1,4) = 0.0083    

γ(1,5) = 0.0144   γ(2,1) = 0.0026   γ(2,2) = 0.0040   γ(2,3) = -0.0268    

γ(2,4) = 0.0202   γ(2,5) = 0.0094   γ(3,1) = 0.0015   γ(3,2) = -0.0268    

γ(3,3) = 0.0349   γ(3,4) = -0.0139   γ(3,5) = 0.0202   γ(4,1) = 0.0083    

γ(4,2) = 0.0202   γ(4,3) = -0.0139   γ(4,4) = 0.0252   γ(4,5) = -0.0078    

γ(5,1) = 0.0144   γ(5,2) = 0.0094   γ(5,3) = 0.0202   γ(5,4) = -0.0078    

γ(5,5) = 0.0163   γ(6,1) = -0.1192   γ(6,2) = -0.1246   γ(6,3) = -0.0711    

γ(6,4) = -0.1485   γ(6,5) = -0.2573   γ(6,6) = 0.0104   γ(6,7) = 0.0026    

γ(6,8) = 0.0015   γ(6,9) = 0.0083   γ(6,10) = 0.0144   γ(6,11) = -0.0114    

γ(6,13) = 0.0032   γ(6,14) = -0.0107   γ(6,21) = 0.0244   γ(6,22) = 0.0181    

γ(6,23) = 0.0246   γ(6,27) = 0.0244   γ(6,28) = -0.0181   γ(6,29) = 0.0246    

γ(6,33) = -0.0161   γ(6,35) = -0.0173   γ(7,1) = -0.1246   γ(7,2) = -0.0911    

γ(7,3) = 0.0275   γ(7,4) = -0.2018   γ(7,5) = -0.0639   γ(7,6) = 0.0026    

γ(7,7) = 0.0040   γ(7,8) = -0.0268   γ(7,9) = 0.0202   γ(7,10) = 0.0094    

γ(7,12) = -0.0151   γ(7,15) = -0.0125   γ(7,21) = 0.0322   γ(7,22) = 0.0122    

γ(7,23) = 0.0145   γ(7,27) = -0.0322   γ(7,28) = 0.0122   γ(7,29) = -0.0145    

γ(7,34) = -0.0092   γ(8,1) = -0.0711   γ(8,2) = 0.0275   γ(8,3) = -0.1226    

γ(8,4) = 0.1693   γ(8,5) = -0.2015   γ(8,6) = 0.0015   γ(8,7) = -0.0268    

γ(8,8) = 0.0349   γ(8,9) = -0.0139   γ(8,10) = 0.0202   γ(8,11) = 0.0032    

γ(8,13) = -0.0105   γ(8,14) = 0.0100   γ(8,21) = -0.0310   γ(8,22) = -0.0359    

γ(8,23) = 0.0205   γ(8,27) = -0.0310   γ(8,28) = 0.0359   γ(8,29) = 0.0205    

γ(8,33) = 0.0665   γ(8,35) = -0.0176   γ(9,1) = -0.1485   γ(9,2) = -0.2018    

γ(9,3) = 0.1693   γ(9,4) = -0.0308   γ(9,5) = -0.1698   γ(9,6) = 0.0083    

γ(9,7) = 0.0202   γ(9,8) = -0.0139   γ(9,9) = 0.0252   γ(9,10) = -0.0078    

γ(9,11) = -0.0107   γ(9,13) = 0.0100   γ(9,14) = 0.0122   γ(9,21) = 0.0460    

γ(9,22) = 0.0389   γ(9,23) = 0.0027   γ(9,27) = 0.0460   γ(9,28) = -0.0389    

γ(9,29) = 0.0027   γ(9,33) = 0.0110   γ(9,35) = -0.0413   γ(10,1) = -0.2573    
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γ(10,2) = -0.0639   γ(10,3) = -0.2015   γ(10,4) = -0.1698   γ(10,5) = -0.2275    

γ(10,6) = 0.0144   γ(10,7) = 0.0094   γ(10,8) = 0.0202   γ(10,9) = -0.0078    

γ(10,10) = 0.0163   γ(10,12) = -0.0125   γ(10,15) = 0.0016   γ(10,21) = 0.0290    

γ(10,22) = 0.0040   γ(10,23) = 0.0128   γ(10,27) = -0.0290   γ(10,28) = 0.0040    

γ(10,29) = -0.0128   γ(10,34) = 0.0695   γ(11,1) = -0.0114   γ(11,2) = 0.0027    

γ(11,3) = -0.0016   γ(11,4) = 0.0054   γ(11,5) = -0.0093   γ(11,11) = 0.0104    

γ(11,12) = 0.0026   γ(11,13) = 0.0015   γ(11,14) = 0.0083   γ(11,15) = 0.0144    

γ(11,27) = 0.0244   γ(11,28) = 0.0181   γ(11,29) = 0.0246   γ(11,33) = -0.0242    

γ(11,34) = -0.0303   γ(11,35) = -0.0034   γ(12,1) = 0.0027   γ(12,2) = -0.0117    

γ(12,3) = -0.0019   γ(12,4) = -0.0098   γ(12,5) = 0.0044   γ(12,11) = 0.0026    

γ(12,12) = 0.0040   γ(12,13) = -0.0268   γ(12,14) = 0.0202   γ(12,15) = 0.0094    

γ(12,27) = 0.0322   γ(12,28) = 0.0122   γ(12,29) = 0.0145   γ(12,33) = 0.0108    

γ(12,34) = -0.0092   γ(12,35) = 0.0342   γ(13,1) = -0.0016   γ(13,2) = -0.0019    

γ(13,3) = -0.0140   γ(13,4) = -0.0068   γ(13,5) = -0.0098   γ(13,11) = 0.0015    

γ(13,12) = -0.0268   γ(13,13) = 0.0349   γ(13,14) = -0.0139   γ(13,15) = 0.0202    

γ(13,27) = -0.0310   γ(13,28) = -0.0359   γ(13,29) = 0.0205   γ(13,33) = -0.0434    

γ(13,34) = -0.0162   γ(13,35) = -0.0236   γ(14,1) = 0.0054   γ(14,2) = -0.0098    

γ(14,3) = -0.0068   γ(14,4) = 0.0042   γ(14,5) = -0.0046   γ(14,11) = 0.0083    

γ(14,12) = 0.0202   γ(14,13) = -0.0139   γ(14,14) = 0.0252   γ(14,15) = -0.0078    

γ(14,27) = 0.0460   γ(14,28) = 0.0389   γ(14,29) = 0.0027   γ(14,33) = -0.0021    

γ(14,34) = -0.0004   γ(14,35) = 0.0187   γ(15,1) = -0.0093   γ(15,2) = 0.0044    

γ(15,3) = -0.0098   γ(15,4) = -0.0046   γ(15,5) = 0.0095   γ(15,11) = 0.0144    

γ(15,12) = 0.0094   γ(15,13) = 0.0202   γ(15,14) = -0.0078   γ(15,15) = 0.0163    

γ(15,27) = 0.0290   γ(15,28) = 0.0040   γ(15,29) = 0.0128   γ(15,33) = -0.0544    

γ(15,34) = -0.0255   γ(15,35) = -0.0268   γ(16,1) = -0.1177   γ(16,3) = 0.1426    

γ(16,4) = 0.2961   γ(16,6) = -0.0114   γ(16,7) = 0.0027   γ(16,8) = -0.0016    

γ(16,9) = 0.0054   γ(16,10) = -0.0093   γ(16,11) = -0.1192   γ(16,12) = -0.1246    

γ(16,13) = -0.0711   γ(16,14) = -0.1485   γ(16,15) = -0.2573   γ(16,16) = 0.0104    

γ(16,17) = 0.0026   γ(16,18) = 0.0015   γ(16,19) = 0.0083   γ(16,20) = 0.0144    

γ(16,21) = 0.0161   γ(16,22) = 0.0148   γ(16,23) = -0.0088   γ(16,27) = -0.5752    

γ(16,29) = 0.5506   γ(16,30) = 0.0244   γ(16,31) = 0.0181   γ(16,32) = 0.0246    

γ(16,33) = 0.5730   γ(16,34) = -0.4780   γ(16,35) = 0.2770   γ(16,36) = -0.0242    
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γ(16,37) = -0.0303   γ(16,38) = -0.0034   γ(16,39) = -0.0161   γ(16,41) = -0.0173    

γ(17,2) = -0.1386   γ(17,5) = 0.2864   γ(17,6) = 0.0027   γ(17,7) = -0.0117    

γ(17,8) = -0.0019   γ(17,9) = -0.0098   γ(17,10) = 0.0044   γ(17,11) = -0.1246    

γ(17,12) = -0.0911   γ(17,13) = 0.0275   γ(17,14) = -0.2018   γ(17,15) = -0.0639    

γ(17,16) = 0.0026   γ(17,17) = 0.0040   γ(17,18) = -0.0268   γ(17,19) = 0.0202    

γ(17,20) = 0.0094   γ(17,21) = -0.0575   γ(17,22) = 0.0154   γ(17,23) = -0.0036    

γ(17,28) = -0.5649   γ(17,30) = 0.0322   γ(17,31) = 0.0122   γ(17,32) = 0.0145    

γ(17,33) = -0.4874   γ(17,34) = -0.9200   γ(17,35) = 0.8578   γ(17,36) = 0.0108    

γ(17,37) = -0.0092   γ(17,38) = 0.0342   γ(17,40) = -0.0092   γ(18,1) = 0.1426    

γ(18,3) = -0.0744   γ(18,4) = -0.1800   γ(18,6) = -0.0016   γ(18,7) = -0.0019    

γ(18,8) = -0.0140   γ(18,9) = -0.0068   γ(18,10) = -0.0098   γ(18,11) = -0.0711    

γ(18,12) = 0.0275   γ(18,13) = -0.1226   γ(18,14) = 0.1693   γ(18,15) = -0.2015    

γ(18,16) = 0.0015   γ(18,17) = -0.0268   γ(18,18) = 0.0349   γ(18,19) = -0.0139    

γ(18,20) = 0.0202   γ(18,21) = 0.0333   γ(18,22) = -0.0036   γ(18,23) = 0.0114    

γ(18,27) = 0.5652   γ(18,29) = 1.4152   γ(18,30) = -0.0310   γ(18,31) = -0.0359    

γ(18,32) = 0.0205   γ(18,33) = 0.2823   γ(18,34) = 0.8583   γ(18,35) = 0.0703    

γ(18,36) = -0.0434   γ(18,37) = -0.0162   γ(18,38) = -0.0236   γ(18,39) = 0.0665    

γ(18,41) = -0.0176   γ(19,1) = 0.2961   γ(19,3) = -0.1800   γ(19,4) = -0.3267    

γ(19,6) = 0.0054   γ(19,7) = -0.0098   γ(19,8) = -0.0068   γ(19,9) = 0.0042    

γ(19,10) = -0.0046   γ(19,11) = -0.1485   γ(19,12) = -0.2018   γ(19,13) = 0.1693    

γ(19,14) = -0.0308   γ(19,15) = -0.1698   γ(19,16) = 0.0083   γ(19,17) = 0.0202    

γ(19,18) = -0.0139   γ(19,19) = 0.0252   γ(19,20) = -0.0078   γ(19,21) = 0.0056    

γ(19,22) = -0.0481   γ(19,23) = -0.0418   γ(19,27) = -0.8964   γ(19,29) = -0.5626    

γ(19,30) = 0.0460   γ(19,31) = 0.0389   γ(19,32) = 0.0027   γ(19,33) = -0.4486    

γ(19,34) = 0.0946   γ(19,35) = 0.7209   γ(19,36) = -0.0021   γ(19,37) = -0.0004    

γ(19,38) = 0.0187   γ(19,39) = 0.0110   γ(19,41) = -0.0413   γ(20,2) = 0.2864    

γ(20,5) = 0.0667   γ(20,6) = -0.0093   γ(20,7) = 0.0044   γ(20,8) = -0.0098    

γ(20,9) = -0.0046   γ(20,10) = 0.0095   γ(20,11) = -0.2573   γ(20,12) = -0.0639    

γ(20,13) = -0.2015   γ(20,14) = -0.1698   γ(20,15) = -0.2275   γ(20,16) = 0.0144    

γ(20,17) = 0.0094   γ(20,18) = 0.0202   γ(20,19) = -0.0078   γ(20,20) = 0.0163    

γ(20,21) = -0.0097   γ(20,22) = 0.0136   γ(20,23) = -0.0482   γ(20,28) = -0.7740    

γ(20,30) = 0.0290   γ(20,31) = 0.0040   γ(20,32) = 0.0128   γ(20,33) = 0.7767    
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γ(20,34) = 0.6151   γ(20,35) = 0.0921   γ(20,36) = -0.0544   γ(20,37) = -0.0255    

γ(20,38) = -0.0268   γ(20,40) = 0.0695   γ(21,1) = 0.0242   γ(21,2) = -0.0108    

γ(21,3) = 0.0434   γ(21,4) = 0.0021   γ(21,5) = 0.0544   γ(21,21) = 0.0039    

γ(21,22) = 0.0041   γ(21,23) = 0.0027   γ(21,27) = 0.0003   γ(21,29) = -0.0073    

γ(21,33) = -0.0198   γ(21,34) = -0.0059   γ(21,35) = -0.0035   γ(22,1) = 0.0303    

γ(22,2) = 0.0092   γ(22,3) = 0.0162   γ(22,4) = 0.0004   γ(22,5) = 0.0255    

γ(22,21) = 0.0044   γ(22,22) = 0.0105   γ(22,23) = -0.0177   γ(22,28) = -0.0151    

γ(22,33) = -0.0059   γ(22,34) = -0.0180   γ(22,35) = 0.0082   γ(23,1) = 0.0034    

γ(23,2) = -0.0342   γ(23,3) = 0.0236   γ(23,4) = -0.0187   γ(23,5) = 0.0268    

γ(23,21) = 0.0023   γ(23,22) = -0.0207   γ(23,23) = 0.0327   γ(23,27) = -0.0148    

γ(23,29) = 0.0036   γ(23,33) = -0.0035   γ(23,34) = 0.0082   γ(23,35) = 0.0112    

γ(24,1) = -0.5730   γ(24,2) = 0.4874   γ(24,3) = -0.2823   γ(24,4) = 0.4486    

γ(24,5) = -0.7767   γ(24,6) = 0.0242   γ(24,7) = -0.0108   γ(24,8) = 0.0434    

γ(24,9) = 0.0021   γ(24,10) = 0.0544   γ(24,11) = 0.0161   γ(24,13) = -0.0665    

γ(24,14) = -0.0110   γ(24,21) = -0.1225   γ(24,22) = 0.0091   γ(24,23) = -0.1030    

γ(24,24) = 0.0039   γ(24,25) = 0.0041   γ(24,26) = 0.0027   γ(24,27) = -0.1225    

γ(24,28) = -0.0091   γ(24,29) = -0.1030   γ(24,30) = 0.0003   γ(24,32) = -0.0073    

γ(24,33) = 0.4608   γ(24,35) = -0.3753   γ(24,36) = -0.0198   γ(24,37) = -0.0059    

γ(24,38) = -0.0035   γ(24,39) = -0.0198   γ(24,40) = 0.0059   γ(24,41) = -0.0035    

γ(25,1) = 0.4780   γ(25,2) = 0.9200   γ(25,3) = -0.8583   γ(25,4) = -0.0946    

γ(25,5) = -0.6151   γ(25,6) = 0.0303   γ(25,7) = 0.0092   γ(25,8) = 0.0162    

γ(25,9) = 0.0004   γ(25,10) = 0.0255   γ(25,12) = 0.0092   γ(25,15) = -0.0695    

γ(25,21) = -0.0853   γ(25,22) = 0.0965   γ(25,23) = -0.3807   γ(25,24) = 0.0044    

γ(25,25) = 0.0105   γ(25,26) = -0.0177   γ(25,27) = 0.0853   γ(25,28) = 0.0965    

γ(25,29) = 0.3807   γ(25,31) = -0.0151   γ(25,34) = -0.1509   γ(25,36) = -0.0059    

γ(25,37) = -0.0180   γ(25,38) = 0.0082   γ(25,39) = 0.0059   γ(25,40) = -0.0180    

γ(25,41) = -0.0082   γ(26,1) = -0.2770   γ(26,2) = -0.8578   γ(26,3) = -0.0703    

γ(26,4) = -0.7209   γ(26,5) = -0.0921   γ(26,6) = 0.0034   γ(26,7) = -0.0342    

γ(26,8) = 0.0236   γ(26,9) = -0.0187   γ(26,10) = 0.0268   γ(26,11) = 0.0173    

γ(26,13) = 0.0176   γ(26,14) = 0.0413   γ(26,21) = 0.0606   γ(26,22) = -0.2026    

γ(26,23) = 0.4331   γ(26,24) = 0.0023   γ(26,25) = -0.0207   γ(26,26) = 0.0327    

γ(26,27) = 0.0606   γ(26,28) = 0.2026   γ(26,29) = 0.4331   γ(26,30) = -0.0148    
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γ(26,32) = 0.0036   γ(26,33) = -0.3753   γ(26,35) = 0.2203   γ(26,36) = -0.0035    

γ(26,37) = 0.0082   γ(26,38) = 0.0112   γ(26,39) = -0.0035   γ(26,40) = -0.0082    

γ(26,41) = 0.0112   γ(27,27) = 0.0039   γ(27,28) = 0.0041   γ(27,29) = 0.0027    

γ(28,27) = 0.0044   γ(28,28) = 0.0105   γ(28,29) = -0.0177   γ(29,27) = 0.0023    

γ(29,28) = -0.0207   γ(29,29) = 0.0327   γ(30,1) = 0.0241   γ(30,2) = -0.0430    

γ(30,3) = -0.0123   γ(30,4) = -0.0481   γ(30,5) = 0.0253   γ(30,11) = 0.0242    

γ(30,12) = -0.0108   γ(30,13) = 0.0434   γ(30,14) = 0.0021   γ(30,15) = 0.0544    

γ(30,21) = 0.0004   γ(30,22) = -0.0128   γ(30,23) = 0.0074   γ(30,27) = -0.1225    

γ(30,28) = 0.0091   γ(30,29) = -0.1030   γ(30,30) = 0.0039   γ(30,31) = 0.0041    

γ(30,32) = 0.0027   γ(30,33) = -0.0690   γ(30,34) = 0.0633   γ(30,35) = -0.0369    

γ(30,39) = -0.0198   γ(30,40) = -0.0059   γ(30,41) = -0.0035   γ(31,1) = 0.0121    

γ(31,2) = 0.0278   γ(31,3) = -0.0233   γ(31,4) = 0.0010   γ(31,5) = -0.0193    

γ(31,11) = 0.0303   γ(31,12) = 0.0092   γ(31,13) = 0.0162   γ(31,14) = 0.0004    

γ(31,15) = 0.0255   γ(31,21) = -0.0063   γ(31,22) = -0.0011   γ(31,23) = -0.0081    

γ(31,27) = -0.0853   γ(31,28) = 0.0965   γ(31,29) = -0.3807   γ(31,30) = 0.0044    

γ(31,31) = 0.0105   γ(31,32) = -0.0177   γ(31,33) = 0.0633   γ(31,34) = -0.0629    

γ(31,35) = -0.0376   γ(31,39) = -0.0059   γ(31,40) = -0.0180   γ(31,41) = 0.0082    

γ(32,1) = -0.0279   γ(32,2) = 0.0269   γ(32,3) = 0.0050   γ(32,4) = 0.0262    

γ(32,5) = -0.0255   γ(32,11) = 0.0034   γ(32,12) = -0.0342   γ(32,13) = 0.0236    

γ(32,14) = -0.0187   γ(32,15) = 0.0268   γ(32,21) = 0.0036   γ(32,22) = -0.0081    

γ(32,23) = -0.0104   γ(32,27) = 0.0606   γ(32,28) = -0.2026   γ(32,29) = 0.4331    

γ(32,30) = 0.0023   γ(32,31) = -0.0207   γ(32,32) = 0.0327   γ(32,33) = -0.0369    

γ(32,34) = -0.0376   γ(32,35) = -0.1052   γ(32,39) = -0.0035   γ(32,40) = 0.0082    

γ(32,41) = 0.0112   γ(33,33) = 0.0039   γ(33,34) = 0.0044   γ(33,35) = 0.0023    

γ(34,33) = 0.0041   γ(34,34) = 0.0105   γ(34,35) = -0.0207   γ(35,33) = 0.0027    

γ(35,34) = -0.0177   γ(35,35) = 0.0327   γ(36,1) = -0.0161   γ(36,2) = 0.0575    

γ(36,3) = -0.0333   γ(36,4) = -0.0056   γ(36,5) = 0.0097   γ(36,11) = -0.0244    

γ(36,12) = -0.0322   γ(36,13) = 0.0310   γ(36,14) = -0.0460   γ(36,15) = -0.0290    

γ(36,21) = -0.0198   γ(36,22) = -0.0060   γ(36,23) = -0.0033   γ(36,27) = -0.0687    

γ(36,29) = 0.0729   γ(36,33) = -0.1225   γ(36,34) = -0.0853   γ(36,35) = 0.0606    

γ(36,36) = 0.0039   γ(36,37) = 0.0044   γ(36,38) = 0.0023   γ(36,39) = 0.0003    

γ(36,41) = -0.0148   γ(37,1) = -0.0148   γ(37,2) = -0.0154   γ(37,3) = 0.0036    
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γ(37,4) = 0.0481   γ(37,5) = -0.0136   γ(37,11) = -0.0181   γ(37,12) = -0.0122    

γ(37,13) = 0.0359   γ(37,14) = -0.0389   γ(37,15) = -0.0040   γ(37,21) = -0.0060    

γ(37,22) = 0.0110   γ(37,23) = -0.0085   γ(37,28) = -0.1264   γ(37,33) = 0.0091    

γ(37,34) = 0.0965   γ(37,35) = -0.2026   γ(37,36) = 0.0041   γ(37,37) = 0.0105    

γ(37,38) = -0.0207   γ(37,40) = -0.0151   γ(38,1) = 0.0088   γ(38,2) = 0.0036    

γ(38,3) = -0.0114   γ(38,4) = 0.0418   γ(38,5) = 0.0482   γ(38,11) = -0.0246    

γ(38,12) = -0.0145   γ(38,13) = -0.0205   γ(38,14) = -0.0027   γ(38,15) = -0.0128    

γ(38,21) = -0.0033   γ(38,22) = -0.0085   γ(38,23) = -0.0178   γ(38,27) = 0.0729    

γ(38,29) = -0.0415   γ(38,33) = -0.1030   γ(38,34) = -0.3807   γ(38,35) = 0.4331    

γ(38,36) = 0.0027   γ(38,37) = -0.0177   γ(38,38) = 0.0327   γ(38,39) = -0.0073    

γ(38,41) = 0.0036   γ(39,27) = -0.0198   γ(39,28) = -0.0060   γ(39,29) = -0.0033    

γ(39,33) = 0.0004   γ(39,34) = -0.0063   γ(39,35) = 0.0036   γ(39,39) = 0.0039    

γ(39,40) = 0.0044   γ(39,41) = 0.0023   γ(40,27) = -0.0060   γ(40,28) = 0.0110    

γ(40,29) = -0.0085   γ(40,33) = -0.0128   γ(40,34) = -0.0011   γ(40,35) = -0.0081    

γ(40,39) = 0.0041   γ(40,40) = 0.0105   γ(40,41) = -0.0207   γ(41,27) = -0.0033    

γ(41,28) = -0.0085   γ(41,29) = -0.0178   γ(41,33) = 0.0074   γ(41,34) = -0.0081    

γ(41,35) = -0.0104   γ(41,39) = 0.0027   γ(41,40) = -0.0177   γ(41,41) = 0.0327    

γ(42,1) = -0.0241   γ(42,2) = -0.0430   γ(42,3) = 0.0123   γ(42,4) = 0.0481    

γ(42,5) = 0.0253   γ(42,11) = -0.0161   γ(42,12) = 0.0575   γ(42,13) = -0.0333    

γ(42,14) = -0.0056   γ(42,15) = 0.0097   γ(42,21) = -0.0198   γ(42,22) = -0.0002    

γ(42,23) = 0.0069   γ(42,27) = 0.4621   γ(42,28) = -0.3252   γ(42,29) = 0.1872    

γ(42,30) = -0.0198   γ(42,31) = -0.0060   γ(42,32) = -0.0033   γ(42,33) = -0.1224    

γ(42,34) = -0.0945   γ(42,35) = 0.0435   γ(42,36) = 0.0004   γ(42,37) = -0.0063    

γ(42,38) = 0.0036   γ(42,39) = -0.1225   γ(42,40) = -0.0853   γ(42,41) = 0.0606    

γ(42,42) = 0.0039   γ(42,43) = 0.0044   γ(42,44) = 0.0023   γ(43,1) = 0.0121    

γ(43,2) = -0.0278   γ(43,3) = -0.0233   γ(43,4) = 0.0010   γ(43,5) = 0.0193    

γ(43,11) = -0.0148   γ(43,12) = -0.0154   γ(43,13) = 0.0036   γ(43,14) = 0.0481    

γ(43,15) = -0.0136   γ(43,21) = -0.0002   γ(43,22) = -0.0032   γ(43,23) = -0.0167    

γ(43,27) = -0.3252   γ(43,28) = 0.1264   γ(43,29) = -0.1603   γ(43,30) = -0.0060    

γ(43,31) = 0.0110   γ(43,32) = -0.0085   γ(43,33) = 0.0945   γ(43,34) = 0.6012    

γ(43,35) = -0.0890   γ(43,36) = -0.0128   γ(43,37) = -0.0011   γ(43,38) = -0.0081    

γ(43,39) = 0.0091   γ(43,40) = 0.0965   γ(43,41) = -0.2026   γ(43,42) = 0.0041    
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γ(43,43) = 0.0105   γ(43,44) = -0.0207   γ(44,1) = 0.0279   γ(44,2) = 0.0269    

γ(44,3) = -0.0050   γ(44,4) = -0.0262   γ(44,5) = -0.0255   γ(44,11) = 0.0088    

γ(44,12) = 0.0036   γ(44,13) = -0.0114   γ(44,14) = 0.0418   γ(44,15) = 0.0482    

γ(44,21) = 0.0069   γ(44,22) = -0.0167   γ(44,23) = -0.0036   γ(44,27) = 0.1872    

γ(44,28) = -0.1603   γ(44,29) = -0.0593   γ(44,30) = -0.0033   γ(44,31) = -0.0085    

γ(44,32) = -0.0178   γ(44,33) = 0.0435   γ(44,34) = 0.0890   γ(44,35) = -0.0720    

γ(44,36) = 0.0074   γ(44,37) = -0.0081   γ(44,38) = -0.0104   γ(44,39) = -0.1030    

γ(44,40) = -0.3807   γ(44,41) = 0.4331   γ(44,42) = 0.0027   γ(44,43) = -0.0177    

γ(44,44) = 0.0327    

 

 

δ1(6,1) = 0.0104   δ1(6,2) = -0.0026   δ1(6,3) = 0.0015   δ1(6,4) = 0.0083    

δ1(6,5) = -0.0144   δ1(7,1) = -0.0026   δ1(7,2) = 0.0040   δ1(7,3) = 0.0268    

δ1(7,4) = -0.0202   δ1(7,5) = 0.0094   δ1(8,1) = 0.0015   δ1(8,2) = 0.0268    

δ1(8,3) = 0.0349   δ1(8,4) = -0.0139   δ1(8,5) = -0.0202   δ1(9,1) = 0.0083    

δ1(9,2) = -0.0202   δ1(9,3) = -0.0139   δ1(9,4) = 0.0252   δ1(9,5) = 0.0078    

δ1(10,1) = -0.0144   δ1(10,2) = 0.0094   δ1(10,3) = -0.0202   δ1(10,4) = 0.0078    

δ1(10,5) = 0.0163   δ1(11,1) = -0.0114   δ1(11,3) = 0.0032   δ1(11,4) = -0.0107    

δ1(12,2) = -0.0151   δ1(12,5) = -0.0125   δ1(13,1) = 0.0032   δ1(13,3) = -0.0105    

δ1(13,4) = 0.0100   δ1(14,1) = -0.0107   δ1(14,3) = 0.0100   δ1(14,4) = 0.0122    

δ1(15,2) = -0.0125   δ1(15,5) = 0.0016   δ1(16,1) = -0.1192   δ1(16,2) = 0.1246    

δ1(16,3) = -0.0711   δ1(16,4) = -0.1485   δ1(16,5) = 0.2573   δ1(16,6) = -0.0114    

δ1(16,8) = 0.0032   δ1(16,9) = -0.0107   δ1(16,11) = 0.0104   δ1(16,12) = -0.0026    

δ1(16,13) = 0.0015   δ1(16,14) = 0.0083   δ1(16,15) = -0.0144   δ1(16,21) = 0.0244    

δ1(16,22) = -0.0181   δ1(16,23) = 0.0246   δ1(16,33) = -0.0242   δ1(16,34) = 0.0303    

δ1(16,35) = -0.0034   δ1(17,1) = 0.1246   δ1(17,2) = -0.0911   δ1(17,3) = -0.0275    

δ1(17,4) = 0.2018   δ1(17,5) = -0.0639   δ1(17,7) = -0.0151   δ1(17,10) = -0.0125    

δ1(17,11) = -0.0026   δ1(17,12) = 0.0040   δ1(17,13) = 0.0268   δ1(17,14) = -0.0202    

δ1(17,15) = 0.0094   δ1(17,21) = -0.0322   δ1(17,22) = 0.0122   δ1(17,23) = -0.0145    

δ1(17,33) = -0.0108   δ1(17,34) = -0.0092   δ1(17,35) = -0.0342   δ1(18,1) = -0.0711    

δ1(18,2) = -0.0275   δ1(18,3) = -0.1226   δ1(18,4) = 0.1693   δ1(18,5) = 0.2015    

δ1(18,6) = 0.0032   δ1(18,8) = -0.0105   δ1(18,9) = 0.0100   δ1(18,11) = 0.0015    
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δ1(18,12) = 0.0268   δ1(18,13) = 0.0349   δ1(18,14) = -0.0139   δ1(18,15) = -0.0202    

δ1(18,21) = -0.0310   δ1(18,22) = 0.0359   δ1(18,23) = 0.0205   δ1(18,33) = -0.0434    

δ1(18,34) = 0.0162   δ1(18,35) = -0.0236   δ1(19,1) = -0.1485   δ1(19,2) = 0.2018    

δ1(19,3) = 0.1693   δ1(19,4) = -0.0308   δ1(19,5) = 0.1698   δ1(19,6) = -0.0107    

δ1(19,8) = 0.0100   δ1(19,9) = 0.0122   δ1(19,11) = 0.0083   δ1(19,12) = -0.0202    

δ1(19,13) = -0.0139   δ1(19,14) = 0.0252   δ1(19,15) = 0.0078   δ1(19,21) = 0.0460    

δ1(19,22) = -0.0389   δ1(19,23) = 0.0027   δ1(19,33) = -0.0021   δ1(19,34) = 0.0004    

δ1(19,35) = 0.0187   δ1(20,1) = 0.2573   δ1(20,2) = -0.0639   δ1(20,3) = 0.2015    

δ1(20,4) = 0.1698   δ1(20,5) = -0.2275   δ1(20,7) = -0.0125   δ1(20,10) = 0.0016    

δ1(20,11) = -0.0144   δ1(20,12) = 0.0094   δ1(20,13) = -0.0202   δ1(20,14) = 0.0078    

δ1(20,15) = 0.0163   δ1(20,21) = -0.0290   δ1(20,22) = 0.0040   δ1(20,23) = -0.0128    

δ1(20,33) = 0.0544   δ1(20,34) = -0.0255   δ1(20,35) = 0.0268   δ1(24,1) = 0.0242    

δ1(24,2) = 0.0108   δ1(24,3) = 0.0434   δ1(24,4) = 0.0021   δ1(24,5) = -0.0544    

δ1(24,21) = 0.0039   δ1(24,22) = -0.0041   δ1(24,23) = 0.0027   δ1(25,1) = -0.0303    

δ1(25,2) = 0.0092   δ1(25,3) = -0.0162   δ1(25,4) = -0.0004   δ1(25,5) = 0.0255    

δ1(25,21) = -0.0044   δ1(25,22) = 0.0105   δ1(25,23) = 0.0177   δ1(26,1) = 0.0034    

δ1(26,2) = 0.0342   δ1(26,3) = 0.0236   δ1(26,4) = -0.0187   δ1(26,5) = -0.0268    

δ1(26,21) = 0.0023   δ1(26,22) = 0.0207   δ1(26,23) = 0.0327   δ1(30,1) = 0.0161    

δ1(30,3) = -0.0665   δ1(30,4) = -0.0110   δ1(30,21) = 0.0003   δ1(30,23) = -0.0073    

δ1(30,27) = 0.0039   δ1(30,28) = -0.0041   δ1(30,29) = 0.0027   δ1(30,33) = -0.0198    

δ1(30,34) = 0.0059   δ1(30,35) = -0.0035   δ1(31,2) = 0.0092   δ1(31,5) = -0.0695    

δ1(31,22) = -0.0151   δ1(31,27) = -0.0044   δ1(31,28) = 0.0105   δ1(31,29) = 0.0177    

δ1(31,33) = 0.0059   δ1(31,34) = -0.0180   δ1(31,35) = -0.0082   δ1(32,1) = 0.0173    

δ1(32,3) = 0.0176   δ1(32,4) = 0.0413   δ1(32,21) = -0.0148   δ1(32,23) = 0.0036    

δ1(32,27) = 0.0023   δ1(32,28) = 0.0207   δ1(32,29) = 0.0327   δ1(32,33) = -0.0035    

δ1(32,34) = -0.0082   δ1(32,35) = 0.0112   δ1(36,1) = -0.0244   δ1(36,2) = 0.0322    

δ1(36,3) = 0.0310   δ1(36,4) = -0.0460   δ1(36,5) = 0.0290   δ1(36,33) = 0.0039    

δ1(36,34) = -0.0044   δ1(36,35) = 0.0023   δ1(37,1) = 0.0181   δ1(37,2) = -0.0122    

δ1(37,3) = -0.0359   δ1(37,4) = 0.0389   δ1(37,5) = -0.0040   δ1(37,33) = -0.0041    

δ1(37,34) = 0.0105   δ1(37,35) = 0.0207   δ1(38,1) = -0.0246   δ1(38,2) = 0.0145    

δ1(38,3) = -0.0205   δ1(38,4) = -0.0027   δ1(38,5) = 0.0128   δ1(38,33) = 0.0027    

δ1(38,34) = 0.0177   δ1(38,35) = 0.0327   δ1(39,1) = -0.0244   δ1(39,2) = -0.0322    



 

 126 

δ1(39,3) = 0.0310   δ1(39,4) = -0.0460   δ1(39,5) = -0.0290   δ1(39,33) = 0.0003    

δ1(39,35) = -0.0148   δ1(40,1) = -0.0181   δ1(40,2) = -0.0122   δ1(40,3) = 0.0359    

δ1(40,4) = -0.0389   δ1(40,5) = -0.0040   δ1(40,34) = -0.0151   δ1(41,1) = -0.0246    

δ1(41,2) = -0.0145   δ1(41,3) = -0.0205   δ1(41,4) = -0.0027   δ1(41,5) = -0.0128    

δ1(41,33) = -0.0073   δ1(41,35) = 0.0036   δ1(42,1) = 0.5752   δ1(42,3) = -0.5652    

δ1(42,4) = 0.8964   δ1(42,6) = -0.0244   δ1(42,7) = -0.0322   δ1(42,8) = 0.0310    

δ1(42,9) = -0.0460   δ1(42,10) = -0.0290   δ1(42,11) = -0.0244   δ1(42,12) = 0.0322    

δ1(42,13) = 0.0310   δ1(42,14) = -0.0460   δ1(42,15) = 0.0290   δ1(42,21) = -0.0687    

δ1(42,23) = 0.0729   δ1(42,27) = -0.0198   δ1(42,28) = 0.0060   δ1(42,29) = -0.0033    

δ1(42,33) = -0.1225   δ1(42,34) = 0.0853   δ1(42,35) = 0.0606   δ1(42,36) = 0.0003    

δ1(42,38) = -0.0148   δ1(42,39) = 0.0039   δ1(42,40) = -0.0044   δ1(42,41) = 0.0023    

δ1(43,2) = 0.5649   δ1(43,5) = 0.7740   δ1(43,6) = -0.0181   δ1(43,7) = -0.0122    

δ1(43,8) = 0.0359   δ1(43,9) = -0.0389   δ1(43,10) = -0.0040   δ1(43,11) = 0.0181    

δ1(43,12) = -0.0122   δ1(43,13) = -0.0359   δ1(43,14) = 0.0389   δ1(43,15) = -0.0040    

δ1(43,22) = -0.1264   δ1(43,27) = 0.0060   δ1(43,28) = 0.0110   δ1(43,29) = 0.0085    

δ1(43,33) = -0.0091   δ1(43,34) = 0.0965   δ1(43,35) = 0.2026   δ1(43,37) = -0.0151    

δ1(43,39) = -0.0041   δ1(43,40) = 0.0105   δ1(43,41) = 0.0207   δ1(44,1) = -0.5506    

δ1(44,3) = -1.4152   δ1(44,4) = 0.5626   δ1(44,6) = -0.0246   δ1(44,7) = -0.0145    

δ1(44,8) = -0.0205   δ1(44,9) = -0.0027   δ1(44,10) = -0.0128   δ1(44,11) = -0.0246    

δ1(44,12) = 0.0145   δ1(44,13) = -0.0205   δ1(44,14) = -0.0027   δ1(44,15) = 0.0128    

δ1(44,21) = 0.0729   δ1(44,23) = -0.0415   δ1(44,27) = -0.0033   δ1(44,28) = 0.0085    

δ1(44,29) = -0.0178   δ1(44,33) = -0.1030   δ1(44,34) = 0.3807   δ1(44,35) = 0.4331    

δ1(44,36) = -0.0073   δ1(44,38) = 0.0036   δ1(44,39) = 0.0027   δ1(44,40) = 0.0177    

δ1(44,41) = 0.0327 

   

 

δ2(1,6) = 0.0103   δ2(1,8) = -0.0029   δ2(1,9) = -0.0166   δ2(2,7) = 0.0505    

δ2(2,10) = -0.0256   δ2(3,6) = -0.0029   δ2(3,8) = -0.0115   δ2(3,9) = 0.0211    

δ2(4,6) = -0.0166   δ2(4,8) = 0.0211   δ2(4,9) = 0.0118   δ2(5,7) = -0.0256    

δ2(5,10) = 0.0297   δ2(11,6) = -0.0114   δ2(11,7) = 0.0027   δ2(11,8) = -0.0016    

δ2(11,9) = 0.0054   δ2(11,10) = -0.0093   δ2(11,16) = 0.0103   δ2(11,18) = -0.0029    

δ2(11,19) = -0.0166   δ2(11,24) = 0.0241   δ2(11,25) = 0.0121   δ2(11,26) = -0.0279    
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δ2(12,6) = 0.0027   δ2(12,7) = -0.0117   δ2(12,8) = -0.0019   δ2(12,9) = -0.0098    

δ2(12,10) = 0.0044   δ2(12,17) = 0.0505   δ2(12,20) = -0.0256   δ2(12,24) = -0.0430    

δ2(12,25) = 0.0278   δ2(12,26) = 0.0269   δ2(13,6) = -0.0016   δ2(13,7) = -0.0019    

δ2(13,8) = -0.0140   δ2(13,9) = -0.0068   δ2(13,10) = -0.0098   δ2(13,16) = -0.0029    

δ2(13,18) = -0.0115   δ2(13,19) = 0.0211   δ2(13,24) = -0.0123   δ2(13,25) = -0.0233    

δ2(13,26) = 0.0050   δ2(14,6) = 0.0054   δ2(14,7) = -0.0098   δ2(14,8) = -0.0068    

δ2(14,9) = 0.0042   δ2(14,10) = -0.0046   δ2(14,16) = -0.0166   δ2(14,18) = 0.0211    

δ2(14,19) = 0.0118   δ2(14,24) = -0.0481   δ2(14,25) = 0.0010   δ2(14,26) = 0.0262    

δ2(15,6) = -0.0093   δ2(15,7) = 0.0044   δ2(15,8) = -0.0098   δ2(15,9) = -0.0046    

δ2(15,10) = 0.0095   δ2(15,17) = -0.0256   δ2(15,20) = 0.0297   δ2(15,24) = 0.0253    

δ2(15,25) = -0.0193   δ2(15,26) = -0.0255   δ2(21,24) = 0.0038   δ2(21,25) = 0.0002    

δ2(21,26) = -0.0049   δ2(22,24) = -0.0002   δ2(22,25) = 0.0438   δ2(22,26) = 0.0015    

δ2(23,24) = -0.0049   δ2(23,25) = -0.0015   δ2(23,26) = -0.0006   δ2(27,6) = 0.0161    

δ2(27,7) = -0.0575   δ2(27,8) = 0.0333   δ2(27,9) = 0.0056   δ2(27,10) = -0.0097    

δ2(27,16) = 0.0241   δ2(27,17) = 0.0430   δ2(27,18) = -0.0123   δ2(27,19) = -0.0481    

δ2(27,20) = -0.0253   δ2(27,21) = 0.0004   δ2(27,22) = -0.0063   δ2(27,23) = 0.0036    

δ2(27,24) = -0.1224   δ2(27,25) = -0.0945   δ2(27,26) = 0.0435   δ2(27,30) = 0.0038    

δ2(27,31) = 0.0002   δ2(27,32) = -0.0049   δ2(27,36) = -0.0198   δ2(27,37) = -0.0002    

δ2(27,38) = 0.0069   δ2(28,6) = 0.0148   δ2(28,7) = 0.0154   δ2(28,8) = -0.0036    

δ2(28,9) = -0.0481   δ2(28,10) = 0.0136   δ2(28,16) = -0.0121   δ2(28,17) = 0.0278    

δ2(28,18) = 0.0233   δ2(28,19) = -0.0010   δ2(28,20) = -0.0193   δ2(28,21) = -0.0128    

δ2(28,22) = -0.0011   δ2(28,23) = -0.0081   δ2(28,24) = 0.0945   δ2(28,25) = 0.6012    

δ2(28,26) = -0.0890   δ2(28,30) = -0.0002   δ2(28,31) = 0.0438   δ2(28,32) = 0.0015    

δ2(28,36) = -0.0002   δ2(28,37) = -0.0032   δ2(28,38) = -0.0167   δ2(29,6) = -0.0088    

δ2(29,7) = -0.0036   δ2(29,8) = 0.0114   δ2(29,9) = -0.0418   δ2(29,10) = -0.0482    

δ2(29,16) = -0.0279   δ2(29,17) = -0.0269   δ2(29,18) = 0.0050   δ2(29,19) = 0.0262    

δ2(29,20) = 0.0255   δ2(29,21) = 0.0074   δ2(29,22) = -0.0081   δ2(29,23) = -0.0104    

δ2(29,24) = 0.0435   δ2(29,25) = 0.0890   δ2(29,26) = -0.0720   δ2(29,30) = -0.0049    

δ2(29,31) = -0.0015   δ2(29,32) = -0.0006   δ2(29,36) = 0.0069   δ2(29,37) = -0.0167    

δ2(29,38) = -0.0036   δ2(30,24) = 0.0004   δ2(30,25) = -0.0063   δ2(30,26) = 0.0036    

δ2(31,24) = -0.0128   δ2(31,25) = -0.0011   δ2(31,26) = -0.0081   δ2(32,24) = 0.0074    

δ2(32,25) = -0.0081   δ2(32,26) = -0.0104   δ2(33,6) = -0.0241   δ2(33,7) = 0.0430    
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δ2(33,8) = 0.0123   δ2(33,9) = 0.0481   δ2(33,10) = -0.0253   δ2(33,24) = -0.0198    

δ2(33,25) = 0.0002   δ2(33,26) = 0.0069   δ2(33,36) = 0.0038   δ2(33,37) = -0.0002    

δ2(33,38) = -0.0049   δ2(34,6) = -0.0121   δ2(34,7) = -0.0278   δ2(34,8) = 0.0233    

δ2(34,9) = -0.0010   δ2(34,10) = 0.0193   δ2(34,24) = 0.0002   δ2(34,25) = -0.0032    

δ2(34,26) = 0.0167   δ2(34,36) = 0.0002   δ2(34,37) = 0.0438   δ2(34,38) = -0.0015    

δ2(35,6) = 0.0279   δ2(35,7) = -0.0269   δ2(35,8) = -0.0050   δ2(35,9) = -0.0262    

δ2(35,10) = 0.0255   δ2(35,24) = 0.0069   δ2(35,25) = 0.0167   δ2(35,26) = -0.0036    

δ2(35,36) = -0.0049   δ2(35,37) = 0.0015   δ2(35,38) = -0.0006   δ2(39,6) = -0.0242    

δ2(39,7) = 0.0108   δ2(39,8) = -0.0434   δ2(39,9) = -0.0021   δ2(39,10) = -0.0544    

δ2(39,16) = -0.0241   δ2(39,17) = 0.0430   δ2(39,18) = 0.0123   δ2(39,19) = 0.0481    

δ2(39,20) = -0.0253   δ2(39,24) = -0.0690   δ2(39,25) = 0.0633   δ2(39,26) = -0.0369    

δ2(39,36) = 0.0004   δ2(39,37) = -0.0128   δ2(39,38) = 0.0074   δ2(39,42) = 0.0038    

δ2(39,43) = -0.0002   δ2(39,44) = -0.0049   δ2(40,6) = -0.0303   δ2(40,7) = -0.0092    

δ2(40,8) = -0.0162   δ2(40,9) = -0.0004   δ2(40,10) = -0.0255   δ2(40,16) = -0.0121    

δ2(40,17) = -0.0278   δ2(40,18) = 0.0233   δ2(40,19) = -0.0010   δ2(40,20) = 0.0193    

δ2(40,24) = 0.0633   δ2(40,25) = -0.0629   δ2(40,26) = -0.0376   δ2(40,36) = -0.0063    

δ2(40,37) = -0.0011   δ2(40,38) = -0.0081   δ2(40,42) = 0.0002   δ2(40,43) = 0.0438    

δ2(40,44) = -0.0015   δ2(41,6) = -0.0034   δ2(41,7) = 0.0342   δ2(41,8) = -0.0236    

δ2(41,9) = 0.0187   δ2(41,10) = -0.0268   δ2(41,16) = 0.0279   δ2(41,17) = -0.0269    

δ2(41,18) = -0.0050   δ2(41,19) = -0.0262   δ2(41,20) = 0.0255   δ2(41,24) = -0.0369    

δ2(41,25) = -0.0376   δ2(41,26) = -0.1052   δ2(41,36) = 0.0036   δ2(41,37) = -0.0081    

δ2(41,38) = -0.0104   δ2(41,42) = -0.0049   δ2(41,43) = 0.0015   δ2(41,44) = -0.0006   

 

 

 

 


