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A Comparison of PV Solar Module Performance in Two Iraqi
Regions
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Abstract:

The rising demand for electrical energy in Iraq, as well as the severe shortage of
processing hours for citizens, particularly during the summer, and the significant
environmental pollution it causes, means that the Iraqi government is tending toward clean
energy (environmentally friendly). A study was carried out to evaluate the PV solar
module's performance in two different regions of Irag. The first is Abu Al-Khaseeb, which
is located in southern Iraq in the province of Basra and is distinguished by its low altitude
of 3 (m) above sea level, its high humidity, and the temperature in the summer, while the
second is Daquq, which is located in northern Iraq in Kirkuk province and is distinguished
by its hlgher altitude of 150 (m) and the lower temperature and humldlty in summer. This
study is based on real data collected from two metrological stations in 2019 that includes
all influencing weather conditions such as winds, clouds, dust, humidity, and temperature,
as well as values that were extracted by computer programs in MATLAB, such as the half-
monthly rate for the cell temperature, output power, and electric efficiency. As a result,
this work is a comparative study to show an investor interested in solar power stations how
to choose the best among the two according to the data and results of the current study.
The results of this study show that the performance of the PV solar module is similar in
both areas studied, with the only difference being the environmental conditions. This
indicates that the two areas are suitable for the construction of solar power plants to
generate electricity.

Keywords: Solar radiation, PV solar module, Solar cell performance, Solar cell efficiency,
Meteorological Station.
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1. Introduction

Internationally, there is a significant increase in energy consumption, especially
electricity. The excessive use of fossil fuels in various aspects of life has led to an increase
in the level of pollution in the atmosphere. The emission of gases associated with the
combustion of fossil fuels has led to a rise in global temperature as a result of global
warming. In other words, the world wants to give up the energy that causes pollution for
clean and environmentally friendly energy like solar, wind, and other renewable energies
for the generation of electrical power [1-4].

The output power from the PV solar module is affected by some factors, such as the
high humidity that characterizes the city of Basra in southern Iraq compared to the low
humidity of the city of Kirkuk in northern Iraq. These two cities are under the current
study, as is dust and the high temperature that characterizes the Iraqi atmosphere,
especially in the summer. These factors affect the performance of the PV solar module and
reduce the efficiency of the PV solar panel. Investments in the construction of solar power
plants should take these weather conditions into consideration [5, 6].

Despite the pessimistic picture, Iraq is one of the countries located in a high-density
solar energy region, and most of its regions are suitable for building high solar energy
plants [7-9]. Iraq possesses huge natural gas reserves, which will support the
implementation of electric power generation projects as well as projects to build renewable
energy plants [10]. Iraq has more than enough water to clean the solar plant of dust and
bird droppings. In Iraq, massive amounts of electricity are currently required. In this
situation, considering solar energy production and assisting with that generated by gas
turbine stations at night is a brilliant and acceptable idea, see [11,14] for more information.

The price of depletable petrochemical fuels is increasing dramatically, which is unlike
photovoltaic units whose prices are dropping rapidly, which led to their widespread use. It
is believed that photovoltaic energy is useful and attractive only in isolated and remote
areas [15-18].

2. Iraqg Solar Energy Potential

Iraq’s energy profile remains barred from patterns common to the pre-2003 period.
Other than hydropower, the contribution of renewable energy is insignificant, with no clear
steps to tap its renewable resources expected. Iraq has abounding solar energy potential
with intensive daylight throughout the year because it lies within the world's sunbelt
geographic area (the Global Sunbelt is the area where the most solar power stands to be
harvested). By 2030, the 66 countries in the Global Sunbelt could reach an installed solar
PV capacity of 1.1 TW), [19]. Using PV panels, each unutilized 100 km? of the western
and southern desert (Al-Badiya Al-Shimaliya Wal Al-Janoubiya) has the potential to
provide 30 million tons of oil equivalent (MTOE) per year. This makes Iraq a perfect place
for investment in solar energy and will be a long-term solution to the electricity shortage.
The average daylight is 3244 hours per year (of a doable 4383) with an average of 9 hours
of daylight per day. The average solar radiation resource in Iraq provides an annual Global
Horizontal Irradiation (GHI) of 2350 kWh/m2, which might be thought of as an awfully
robust resource and compares favorably to South Africa, which incorporates a GHI of
2218 kWh/m?, however, but the Atacama Desert in Chile, that has a GHI of 3000 kWh/m?
in the bound area and is amongst the best resources in the world) [19]. While the average
efficiency of a modern solar panel is between 15 and 25%, total solar energy is estimated
to be around 3.4 billion kWh per year, equating to 16% efficiency. Solar energy can be
used in roughly two-thirds of Irag's regions. In Iraq's southern and western regions,
horizontal radiation is greater than 6.5-7 kWh/m, with solar radiation durations of 2800
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and 3000 hours per year, respectively (see table 1). As a result, the two regions are ideal
for solar power plant investment.

Table 1. Average direct normal irradiation (DNI1) for different locations [19].

Location | Karbala | Najaf | Samawah | Mosul | Ramadi | Baghdad | Erbil
Average Annual Global Horizontal Irradiation (GHI) [kWh/m®]
| 2248 | 2233 | 2226 | 2200 [2193 [2190 [2171

During the 1980s, the Republic of Irag made a formidable commitment to developing
alternative energy sources for generating electricity The renewable energy law was issued
in 1982, and the first rooftop solar panels in the Middle East were installed at the Solar
Energy Research Center in Jadriyah, Baghdad, in 1986. However, three decades of
resulting wars and economic sanctions have drastically undermined the renewable energy
plans. Any progress was stalled till 2009 when the Ministry of Electricity proclaimed a
concept to put in six thousand off-grid solar-powered street lamps to remove darkness from
the streets of Baghdad as a part of a bigger theme to pay up to the US $1.6 billion to add
four hundred megawatts of solar and wind generation stations by 2016. The plan was
ditched after the crash of international oil prices. Interest in solar power revived yet again
in November 2017, once the government proclaimed an EOI for PPP to create around 700
MW of solar plants by the end of 2018, table 1.2, [19]. The international market's 75
percent drop in PV module prices has encouraged the public to install off-grid rooftop
solar panels to replace private diesel generators and non-subsided district power run by
private companies [19].

Table 2. Iraq's IPP renewable energy plan (2017) [19].

Province Project Capacity
(MW)
Muthana Sawa-1 30
Muthana Sawa-2 50
Muthana Kbadber 50
Najaf Haydayriyha 100
Anbar Ramadi 100
Anbar Falluja 40
Anbar Amireya Sumud 50
Anbar Qarma 50
Babel Iskandariya 225
Total 695

For the present work, Abu-Al-Khaseeb and Daquq Meteorological Stations have been
selected for the purposes of analyzing the data obtained from them. The data includes the
horizontal solar radiation rates, ambient temperature, and wind speed rates. This
information is later used for the prediction of the performance of solar module fields
placed in this geographical zone. At the same time, the Daquq meteorological station is
located in the Daquq district, which is a district of the Kirkuk Governorate in northern Iraq,
at an elevation of 150 m above sea level, with a longitude of 44.42° E and latitude of
35.16° N.

On the other hand, a monocrystalline solar module, type SHARB (NT-ROE3E-
SHARP), was used as a unit of the solar plant so that its performance would be detected.
The characteristics of this module are listed in table 3.
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Table 3. Characteristics of monocrystalline solar module (NT-ROE3E-SHARP).

Parameter Value
Prmp (W) 170
Ve (V) 44.2
Isc (A) 5.3
Vi (V) 35
Imp (A) 4.86
Module efficiency 13.10%
Fill Factor 72.60%
Power Tolerance -5.00% ~ 10.00%
Maximum System Voltage V ey (V) 1000
Maximum Series Fuse Rating (A) 15
Temperature coefficient of I 0.053 %/°C
Temperature coefficient of V. -0.35 %/°C
Temperature coefficient of P, -0.49 %/°C
Cell Type Monocrystalline
Cell Size(mm) 125 x 125
Number of Cells 6 x12
Dimensions 1575.0 x 826.0 x 46.0mm
Weight 17.0Kg

3. Mathematical Remediation

Since the current work combines the real data collected from the Abu-Al-Khaseeb
and Daquq metrological stations with the theoretical data computed using MATLAB
programs, in order for the outputs from the PV solar module to be accurate, such as the
output power and electrical conversion efficiency, the performance of this PV solar module
can be expected based on these results. Therefore, depending on the mathematical
equations taken from [20], which describe the open-circuit voltage V., short circuit current
I, and output power from the PV solar module, the open-circuit voltage V,. is inversely
proportional to the operating cell temperature T, and the short circuit current I is directly
proportional to the incident global solar radiation G. Therefore, I, and V, can be
described by the following equations. [20].

I5c(G) = Ic(STC) x G (in1 =7) 1)

Voce(T) = V. (STC) — 0.0023 x number of cells x (T — 25) (2)
The operating cell temperature T is calculated with wind speed Ving by [20].
_ 0.32
T=Tam + (8.91+2vwind) G ®)
Were T,, ambient temperature, The output power P of the PV solar module can be
calculated by the following equation [20].
) _P(G; T) = Isc(G)Voc(T) 4) )
While the conversion electrical efficiency n (%) of the PV solar module is defined as the
ratio of output power P (G, T) to the incident optical power (input power (P;,)) [21].

(%) = 22x100%  (5)
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Where P;, is given by:
P, =AG (6)
Where A is the area of the PV solar module.

4. Results and Discussion

The results of the metrological stations alone, without a comparison between them,
may not provide the investor with confidence in the study. As a result, the most important
outputs that provide evidence of the study's credibility and the investor's desire to choose
the appropriate area for him to invest in the field of solar energy, namely solar fuel, output
power, and electric conversion efficiency of the PV solar module installed in each station
under study, were compared.

The variables measured by Abu-Al-Khaseeb and the Daquq meteorological station
in this work correspond to the year 2019. The daily radiation rates incident on a horizontal
surface, measured in megajoules per square meter, the daily ambient temperature, and
wind speed rates are all measured.

Figure 1 indicates the monthly average variation of ambient temperature during the
year. From the figure, it is seen that the rates increase towards the summer and that the
ambient temperature rates recorded in Abu Al-Khaseeb station are higher than their
counterparts recorded in Daqug station. The difference in temperature is obvious because
the Abu Al-Khaseeb station is located in the Basra Governorate in southern Iraq, which is
characterized by high humidity and high temperatures, especially in the summer, in
contrast to the Kirkuk Governorate, where the Daquq station is located, which is
characterized by low humidity and lower temperatures in the summer.

The maximum value of the monthly rate of ambient temperature is 45.93 °C in
July, as recorded in Abu Al-Khaseeb station, while it is 41.20 °C in July, also recorded in
Daquq station.

The monthly rates of wind speed at both stations are depicted in Figure 2.
Although wind activity in Iragi airspace is moderate and rarely subject to hurricanes, we
can see from this Figure that wind actively in the Abu Al-Khaseeb station is higher
throughout the year than in the Daquq station, with the highest value of wind speed in the
Abu Al-Khaseeb station being 4.53 (m/s) in July and 2.51 (m/s) in June.
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Monthly averages of total solar radiation falling on the horizontal surface during
the year for the two stations under study are shown in Figure 3. It is clear from Figure 3
that the levels of radiation increased towards the summer and reached their maximum
(6622.2 Wh/m?/day) in July at Abu Al-Khaseeb station and (7416.67 Wh/m?/day) in July
at Daqugq station.

According to the variance in the amount of incident solar radiation, there were
variances in the peak sun hours, which represent the solar fuel as shown in Figure 4. These
values are promising for an investment in solar energy, especially in the summer, which
reached 6.62 hours in Abu-Al-Khaseeb station and 7.42 hours in Daquq station. The
annual peak solar hours were 4.70 and 4.75 hours, respectively, in Abu-Al-Khaseeb and
Daquq stations.
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Figure 3. Variation of incident global solar Figure 4. Variation of monthly peak sun
radiation rates in horizontal surface along year hours along the year

Figure 5, shows the global solar radiation values were calculated in (W/m?) at each
hour of the half-month throughout the year with a tilt angle of 30° which represents the
best annual angle at which the solar module will be tilted for both stations. These values
are required to predict the performance of the PV solar modules in the solar plant that will
be used to generate electric energy.

For the Abu Al-Khaseeb station, the annual value of the half-monthly rates of

global solar radiation falling on the PV solar module inclined at an angle of 30° with the
horizon is around 113 (kWh/m?/year), while the Daquq station is around 114 (KWh/ m?/
year).
Figure 6 describes the half-monthly rate of the solar cell temperature. The high half-
monthly rates of solar radiation cause an increase in T, of the PV solar module and,
consequently, an increase in the (I-V) curve as well as the maximum point [22, 23]. On the
other hand, the high level of T, contributes to the decrease in the performance efficiency of
the PV solar module. However, the output power of the PV solar module increases in
parallel with the sun's radiation and the output current [24]. The maximum value of the
half-monthly rates of cell temperature of the PV solar module placed in Abu-Al-Khaseeb
station is 56.23 °C in July, while the maximum value of the half-monthly rates of the
Daquq station is 53.97 °C in July as well.




‘ Hecademic J. for Engineering and Science ooukad§ dmuidd . g myml afll adad
ISSN: 2708-7956, vol. 4, No. 2, 2022 2022 ddad 2 aamll 4 Alaall

|

00 60
—Abuw-Al-Khasesh — Abu-Al-Khaseeh
—Daqq —Daquq

P I u o
S =3 =3 =3
S =3 51 =3

%)
=
3

Means of half-monthly cell temperature (°C)
- W
s &

Means of half-monthly global solar sadiation (w/n?)
=
E

=)

[ T T T
100 200 300 400 0 100 200 300 400
Days of year Days of year

o

Figure 5. Variation of half-monthly rates of | Figure 6. Variation of half-monthly rates of
global solar radiation received with the tilt solar cell temperature during the year.
angle of 30° along the year

Although an increase in PV solar cell temperature rates leads to a decrease in the
output power, the output power increases as we move towards the summer because it
depends more on the amount of incident solar radiation than the cell temperature. High
temperatures affect the solar cell voltage, while the value of the photocurrent increases
further by increasing the level of the incident rays and is, clearly, not affected by the
increase in cell temperature. This fact is demonstrated in Figure 7. Also, it is clear that the
summer days are leading the rest of the year in terms of power generation output. The
output power rates reach their maximum values in June while falling to their minimums in
December. The maximum values of the output power of Abu-Al-Khaseeb station are 83.84
W in June and the Daquq station is 83.52 W in May.

When the sun's rays fall on the PV solar module, a portion of this radiation is
converted into electrical energy is called efficiency. The half-monthly rates of PV module
Figure 8 show the efficiency of the PV solar module depending on the T, of the solar
panel. The high temperature of the panel leads to a gradual decrease in the performance of
the PV solar module and thus reduces its efficiency in producing electrical energy. That is,
the solar radiation that the PV panel receives during the middle of the day, i.e., the peak
period of the sun, makes the PV solar panel ineffective [25]. It is true that the electrical
energy produced by the PV solar module increases with the increase in solar radiation, but
the high temperature of the PV solar module is considered a critical problem in predicting
the production of electrical energy. The electric conversion efficiency of Abu-Al-Khaseeb
station ranges from 10.75% in the summer to 13.04% in the winter, while Daquq station's
ranges from 10.91% in the summer to 13.29% in the winter. In the winter and summer, the
electrical conversion efficiency of this solar cell decreased by 1% to 2%.
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5. Conclusions

Clean energy is to fill the country’s needs from the lack of electric power produced
from fossil fuel stations, which causes great pollution to the living environment, and for
the purpose of attracting investors in this field of energy after studying the best places in
Iraq in which solar power plants can be built. So, the current work, which represents a
comparative study of the performance of the same PV solar module placed in each of the
two study locations in Iraq, shows that the PV solar module's performance is very similar
in both locations. In other words, despite the slight climatic differences between the two
locations, solar power plants can be built in both to generate solar energy.
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Investigation the Trajectories of High Voltage Electrons in SEM
Using Mirror Effect Phenomena
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Abstract
A group of physical and mathematical concepts was adopted to calculate the variables
affecting the scattering process of electron due to the electron mirror in a Scanning
Electron Microscope. These equations were based on simplified engineering mathematics
to describe the scattering of the incident electron with the surface potential energy of
dielectric sample under study using the matched beam ion microscope and scanning
electrons. An acceleration voltage of 30 kV was used for charging the insulator to the
saturation with a time of 5 minutes, and the accumulated charge was 0.3 nC, from which
the surface voltage was calculated over the working distance (WD= 15 mm). In the second
step, scanning voltages (Vsc= 2, 3, and 4 kV) were used, and in each of them it was found
that the scattering angle () was inversely proportional to the incidence angle (0) as the
angle between the incident and scattered electron (2ct) increased with the increase in
incident angle. It was also found that the vertical height of the scattering point is inversely
proportional to the incident angle of the electron.
Keywords: SEM, Electron Mirror Effect, Electron trajectory.
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1. Introduction

The scanning electron microscope is one of the effective devices for photographing and
analyzing a wide range of materials and showing details that may reach the limits of the
nanometer using a focused electronic beam with different voltages starting from (0-30
kV).The mechanism that generates the image is the detection of products resulting from
the interaction of the primary beam with specimen atoms and a large number of signals
will be generated like backscattered electrons, secondary electrons, X-Rays, Auger
electrons, cathodoluminescence and specimen current [Hafner 2007].
When using conductive sample, the incident beam of electrons leads to the injection of
specimen with electrons quickly flowing through the metal base (on which the sample is
based) to the ground, on the contrary, when using non-conductive sample, these injected
electrons accumulate on the specimen surface and at a certain depth in it leads to establish
a potential that increases with the time of electron irradiation until it reaches the level of
saturation at relatively long times, leading to the generation of a repulsive force with the
higher energy electrons (relative to the energy of the surface potential) coming towards the
sample and the result will lead to a decrease in the energy of the incident electron.
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But by using a low scanning energy i.e. low energy of electrons less than what of the
specimen surface, the incident electron will gradually slow down by the energy of the
surface potential until all of its kinetic energy turns into potential energy, and thus it will
stop at the scattering point and dlsperses at a certain angle to the top part of evacuated
chamber at a rate of kinetic energy growing from zero to the scanning voltage (E;) that is of
the electron left the exit column diaphragm, this phenomenon is called the Electronic
Mirror Effect and it symbolized as EME.

In 1999, Vallayer et al. studied the electron trajectories using Rutherford scattering cross
section and Gauss’s approximation, in the case of a point charge and low scanning voltage,
to calculate the trajectories and then connected between some variables of the image and
trapped charges [Vallayer et al. 1999].

By 2010, Milani et al. discussed a basic model to calculate the inversion point of electrons
of the primary beam against the dielectric surface potential with zero incident angle for
several scanning potentials [Milani etal. 2010].

After three years, A theoretical study is carried out by Al-Obaidi et al. to describe a
scanning electron path using low scanning potential with parabola model of Rutherford
scattering [Al-Obaidi etal. 2013].

Additionally, Al-Zahy in (2015) derive an equation for the differential cross-section of
reflected electron for low scanning voltages less than (1 kV) by using Electron Mirror
Phenomenon [Al-zahy 2015].

This work provides important information about the phenomenon of the mirror effect in
relation to the angles of incident electron during scanning process, the angles at which the
electron scatters and the trajectories in which it falls on the inner parts of the upper surface
of the vacuum chamber by the influence of the equipotential surface to the surface
potential arising from the accumulated charge on the insulating specimen as well as
distance work and the diameter of the electronically irradiated area on the dielectric.

2. Method

An insulator specimen irradiated with scanning potential 30 kV, it will be accumulated
charge (Q) at each time on the insulator surface until reach the saturation (Qs) at long time
according to equation:

t
Qc(t) =0Qse 7...(1)
Where 1 is the time constant of the specimen. When the accumulated charge on insulator
surface at saturation 0.3 nC [Milani etal. 2010] as a result of the incident electrons in a
regular scanning pattern with an accelerating potential 30 kV within (5-minutes) scan
period, then a potential energy and electric field will be generated as a result of that
accumulated charge can be calculated as [Abbood 2010]:

_ 2eQ: 2 7 _ . Q: _ y
EVS(R:Y) - 4-7T60R2( y +R }’), Ey(R: J/) - 27egR? [1 (y2+R2)%:| (2)

As the voltage will be a function of both the radius of the irradiated area (R) and the
working distance (WD) between the chamber stage and the diaphragm exit of the incident
electrons.

Now, when an electron falls vertically with a scanning voltage less than the surface
potential of the dielectric sample, it will be affected by a repulsive force that reduces its
energy at every point of its path toward the sample surface, and a portion of its kinetic
energy turns into potential energy with the sum of its kinetic and potential energy
remaining constant according to the equation:

eV; =K.E.4+P.E. ... (3)
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Until it reaches a certain point in its path, all its kinetic energy turns into potential energy,
then the electron stops and scatters back (at a point called the scattering point) and begins
to be affected by the surface voltage with a gradual increase in its kinetic energy and a
decrease in its potential energy and collides with the walls of the vacuum chamber (upper),
which leads to release the secondary and backscattered electrons, the secondary electrons
are gathered through the Everhart Thornley detector to show an image of the inner walls of
the microscope (instead of the usual microscope doing which is to produce an image of the
specimen surface under study) in the electronic mirror effect process. At scattering point at
(eVsc=eV,) and by utilizing equation (1), one can determine the vertical height of
scattering point (r) by the equation:
Qtz— 12R2

(@t Vse) = 2004 (4)

where = 2meyVsc .

i coordinate

\

H Q X

Figure (1): A schematic diagram of the incidence and scattered electrons with its angles and
trajectories

As shown in figure (1), the scattering point (r. = P) is a vertical height of reflection point at
(6 = 0) according to the last equation.
It is clear that the height of scattering point have decrease (towards the specimen surface)
with the increasing of scanning potential Vsc because the increasing of scanning potential
means that the electron has kinetic energy enough to move more towards the specimen
surface until it will stop at a point more close to the insulator.
In fact (OP) equals the radius of equipotential surface (OB) of that scanning potential and
accumulated charges density (as a form of charged disc) in the specimen which have radius
(R=0.3mm) and height equal to the penetration depth (PD) of incident electron, in
specimen PET with density (p =1.38g/cm®), is 11.91um according to the equation [Potts
1987]:
1.5

PD(um) = —0'1§i .. (5)
In figure (1) the incidence angle (0), scattering point (B), and the scattering angle (B) of an
incident electron with a scanning voltage (V) on a dielectric sample, can be recognized by
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an irradiation area with radius (R=0.3 mm). As it is known, the scanning mode allows the
electron to scan the irradiated area according to the spherical coordinates system (r,0,0)
where (1) represents the path of the incident electron, (0) the angle of incidence and (¢) the
angle that is line moves to the second line, and so on. Work in this research will be limited
to coordinates (r,0), while (¢=0) that is, in the plane (X, y), and the scan will be on the
width of the irradiated region from (-R to R).

According to the angle of OBG which is equal to «, so:

sin(a) = OT—G ....(6)

In triangle OAG; 0G = W siné ... (7)
The angle ABL, CBF and OBF are equal to ( 2a ), 6 and « respectively, so OBC angle is
(a- 0) and in triangle OBC;
OC = OB sin(a—86) .....(8)
OF =Wtan#B .....(9)
CF=0F-0C ....(10)
The height of scattering point (BC) can be calculated by:
BC = OB cos(a —0) ...(11)
From figure (1) and equations. (6and7), the angle (o) can be calculated through the
equation:
a= arcsing ...(12)
Obviously, the scattering angle is obtain by the following:
B =180 — 2«

3. Results and discussion

Figure (2) shows the relation between the angle of incidence () and the angle of scattering
(B) and notes that the angle of scattering decreases with increasing the angle of incidence,
i.e. the angle between the incident and scattered electrons (2«) increases linearly in the
scanning voltage (V=2 kV) and then moves away from the linearity in the voltages (V. =
4 and 6 kV) as a result of the increase in the repulsion force impacted on the electron
approaching the sample surface as shown in Figure (3).
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Figure (2): The relation between the incident angle (0) and scattering angle (B).
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Figure (3): The relation between the incident angle (0) and the angle (2a).

The increase in the incident angle of electron means that the path of the electron will move
away from the axis (y) and rebound from the reflection point on the surface equal to the
spherical voltage from the vertical height of reflection point (BC) that decreases with the
increase in the angle of incidence (0) as shown in figure (4).

0.8 4

06 4

0.4 4

Verticl Hight of Reflection Point BC (mm)

0.2 4

0

05 08 0.7 0.8

Incident angle @

0 0.1 0.2 03 0.4

09 1

Figure (7): The relation between the impact factor (BC) and incident angle (0).

Finally, the trajectory of electron can be drawn from knowing its starting point (O,WD),
its scattering point B (OC,BC), and its collision point (of the upper surface) with the walls

of the vacuum chamber (AL,WD), as shown in Figure (5).
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Figure (6): The trajectories of scattered electrons for V=4 kV and different incident angles.

We notice from the figure (5) that the greatest collision distance with the upper surface is
at the largest angle of incidence (6=1.1°%) and is equal to (6.0553 mm) while in the scanning
voltage (4 kV) the imaged region has radius equal to (18.9061 mm) as shown in figure (6).
At the scanning voltage (6 kV), it becomes clear that the area of the imaged region is large
with a radius equal to ( 43.6254 mm) at the angle of incidence (6=0.9°) figure (7), while
the path of the electron at the angle of incidence (6=1.1°) shows that the electron has
dispersed at an angle of (B= 87.84°) and appeared as a refracted ray and not reflected
because it scattered from the last point on the circumference of the equipotential surface,
and therefore, with the effect of the force towards the positive axis (x), it did not go
upwards, but went to collide with the non-irradiated region of the insulating, and this is
evident from the small increasing in the photographed region at the top of the vacuum
chamber of device, as shown in figures (7 and 8).
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Figure (8): The trajectory of scattered electron for Vsc=6 kV and incident angle (0=1.1°).

For a specific scanning potential, the electrons scattering points at different incident angles
along the scan line between + R and -R represent a line of equipotential surface, with a
radius of r, as a result of the effect of surface potential energy (by the trapped charge 0.3
nC) on the scanning potential of electron as shown in figure (9).
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Figure (9): The equipotential surface resulting from the line connected between scattering
points of electrons with different scanning potentials Vgc

The obtained results of this work showed that the scattering angle (B) was inversely
proportional to the incidence angle (0) as the angle between the incident and scattered
electron (2c.) increased with the increase in the angle of incidence. It was also found that
the vertical height of the scattering point is inversely proportional to the angle of incidence
of the electron.
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Abstract

Transparent conducting thin films of fluorine doped tin oxide (FTO) have been
deposited successfully by simple and cost effective chemical spray pyrolysis (SP)
technique onto quartz substrate at different fluorine doping (0, 5, 10, 15, 20%) at substrate
temperature (450°C). The transmittance value of 50% for the undoped films is found to
increase to 70% for 20% of fluorine doping (at 890 nm). The increase in the transmittance
spectra of the SnO,: F thin films due to the decreasing in the film thickness because of the
growth rate is decreased with increase fluorine content in the films and, the color of the
undoped tin oxide thin film is milky white that turned colorless when the doping
concentration increased to (20%). The optical band gap are found to be (3.5, 3.57, 3.65,
3.7, 3.75) eV for fluorine doping concentration (0, 5, 10, 15, 20%), respectively.
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1. Introduction

Transparent conducting oxide (TCO) thin films such as zinc oxide, indium oxide, tin
oxide, indium tin oxide and cadmium oxide have attracted considerable attention because
of their low resistivity and high optical transmittance [1]. Due to their optical and electrical
properties, TCOs are used for photovoltaic solar cells, phototransistors, liquid crystal
displays, optical heaters, gas sensors, transparent electrodes and other optoelectronic
devices [2, 3]. Among these TCOs, SnO, films are inexpensive, chemically stable in acidic
and basic solutions, thermally stable in oxidizing environments at high temperatures and
also mechanically strong, which are important attributes for the fabrication and operation
of solar cells [4, 5]. SnO, has a tetragonal structure, similar to the rutile structure with the
wide energy gap of E= 3.6 — 4.0 eV and behaves as an n-type semiconductor [6, 7].
Antimony (Sb), arsenic (As), phosphorus (P), indium (In), molybdenum (Mo), fluorine (F)
and chlorine (Cl) have been selected as doping elements for SnO, films [8, 9]. SnO, thin
films are produced by different techniques such as thermal evaporation, sputtering, spray
pyrolysis, sol-gel and hydrothermal [10, 11]. Among these, spray pyrolysis is well suited
for the preparation of doped tin oxide thin films because of its simple and inexpensive
experimental arrangement, ease of adding various doping materials, reproducibility, high
growth rate and mass production capability for uniform large area coatings [1, 12].
The aim of this work is to investigate the effect of Fluorine incorporation on the optical
properties of SnO, thin films produced by (SP) technique.
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2. Experimental part

Fluorine doped tin oxide (FTO) films were prepared on quartz substrate (2.5 x 2.5 cm?)
at a substrate temperature (450°C) for different fluorine doping (0, 0.05, 0.1, 0.15) by a
homemade spray pyrolysis technique under ambient atmosphere. The experimental setup
and other details have been reported elsewhere. The spray solution prepared from tin
tetrachloride penthydrate (SnCl,.5H,0) dissolved in distilled water at (0.1 M)
concentration and ammonium fluoride (NH,F) was added into the solution for fluorine
doping. The deposition parameters were the same for the series of Sn0,: F films. The
optical measurements of the SnO,:F thin films are calculated from the transmittance and
absorbance spectrum at normal incidence over the range (300 — 900 nm), using UV-VIS
spectrophotometer type (SHIMADZU) (UV-1600/1700 series).

3. Results and discussion
3.1 Transmittance (T)

The UV-visible transmittance spectra of SnO,: F thin films as a function of wavelength
for different fluorine doping have been shown in Fig. 1. It is seen that the transmittance of
the SnO,: F films increases with increasing fluorine doping in the films, and the average
transmittance in the visible region (at 550 nm) has been found (40%, 47%, 52%, 59%,
61%) for the fluorine doping (0, 5, 10, 15, 20%) respectively. The transmittance value of
50% for the undoped films is found to increase to 70% for 20% of fluorine doping (at 890
nm). The increase in the transmittance spectra of the SnO,: F due to the decreasing in the
film thickness because of the growth rate is decreased with increase fluorine content in the
films and, the color of the undoped tin oxide thin film is milky white that turned colorless
When the doping concentration increased to (20%), which is in a good agreement with the
report [2]. The increase of transmittance of SnO,:F thin films with increasing fluorine
doping concentration is caused by the decrease of surface roughness that leads to the
decrease of optical scattering in the films.
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Fig. 1 Transmittance spectra of Sn0,: F thin films deposited at different fluorine doping

3.2 Absorbance (A)

The absorbance spectra of SnO,:F thin films as a function of wavelength deposited on
quartz substrate at different fluorine doping concentrations are shown in Fig. 2. In the high
energy spectral range, where the film is strongly absorbent, and the absorbance of SnO,:F
films decreases with increasing fluorine content.
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Fig. 2 Absorbance spectra of SnO,:F thin films deposited at different fluorine doping

3.3 Reflectance (R)

Reflectance spectra of SnO2:F thin films are shown in Fig. 3. It is determined that the
average reflection value of pure SnO2 films is about (20%) and this value remarkably
decreases with fluorine incorporation. That decrease of reflectance results from the surface
roughness, grain boundaries and morphology of the fluorine doped films, as these
properties affect the intensity of the reflected light. Because of this information, it can be
said that the pure SnO2 films which have highest average reflection value, lowest
transmittance value and highest roughness as compared with others.
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Fig. 3 Reflectance spectra of SnO,:F thin films deposited at different fluorine doping

3.4. Absorption Coefficient ()
The absorption coefficient (a ) has been calculated from equation (1) [13, 14, 15].
2.303 4
a= (1)

t
This coefficient depends on the incident photon energy (hv), the energy gap of
semiconductor and the type of the electronic transitions. Fig. 4 shows the change of the
absorption coefficient of the SnO,:F thin films for different fluorine doping as a function of
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wavelength. It is observed that the absorption coefficient (o) decreases gradually with
increasing fluorine doping concentration, the value absorption coefficient is greater than
(10*cm™1) which indicates the strong possibility of direct electronic transitions.
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Fig. 4 Absorbance Coefficient of SnO,:F thin film deposited at different fluorine doping

3.5 Absorption Index (Extinction coefficient) (K)
The extinction coefficient (K,) is calculated by equation (2) [13, 14, 15].
K=2 @)
Fig. 5 shows the extinction coefficient versus wavelength plotted for different fluorine
doping concentration. This behavior agrees with the behavior of absorption coefficient
which has a direct relation with (K,) as in equation (2). The extinction coefficient
decreases with increasing fluorine doping.

3.6. Optical Conductivity (6optica)
The optical conductivity of SnO,:F thin films prepared at different fluorine doping

concentration (0 - 20) % has been calculated using equation (3) [16]:
C
Ooptical = % 3)

Fig. 6 shows the optical conductivity of SnO,:F thin films as a function of wavelength for
different fluorine doping. It is observed that the optical conductivity decreases with
increasing fluorine doping concentrate in the films and the optical conductivity (Gopticar)
depends directly on the absorption coefficient as shown in equation (3). We can see that
the optical conductivity increases with increasing the energy; this suggests that the increase
in optical conductivity is due to electron exited by photon energy which leads to the
increase in the concentration of charge carriers.
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Fig. 5 Extinction coefficient of SnO,:F thin films deposited at different fluorine doping
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Fig. 6 Optical Conductivity of SnO,:F thin films deposited at different fluorine doping

3.7 Refractive Index (n)
The refractive index (n) of SnO2:F thin films for different fluorine doping are
determined from equation (4) [17] as shown in Fig. 7.

1.

_ 4R\ _ 2] 72 _R+1

n= [((R—1)2) K ] R—1 (4)

All films show similar behavior in refractive index. There is a little decrease in refractive

index value with increasing fluorine doping concentration. It is concluded that the
reflection index highly depend on the production technique, surface roughness, grain
boundaries and morphologies of the produced films, and these properties are changed with
Fluorine doping concentration.
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Fig. 7 Refractive index of SnO,:F thin films for different fluorine doping

3.8 Real and Imaginary Part of Dielectric Constant (g;), (€,)
An absorbing medium is characterized by a complex dielectric constant. The real and
imaginary part of dielectric constant of SnO,:F thin films prepared at different fluorine
doped (0, 0.05, 0.1, 0.15, 0.2) by spray pyrolysis technique on quartz substrate at substrate
temperature (450°C) have been calculated using equations (5), (6) [18].

g =n?>-—K? (5, & =2nkK (6)
The real and imaginary parts of dielectric constant as a function of wavelength of SnO,:F
thin films deposited at different fluorine doping are shown in Figs. 8, 9 respectively. It is
found that the real and imaginary parts of dielectric constant of SnO,:F thin films decreases
with increase fluorine doping concentration. The real parts of dielectric constant of SnO,:F
thin films decreases with increasing wavelength while the imaginary part of dielectric
constant increases with increasing wavelength in the visible region spectra.
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Fig. 8 Real part of dielectric constant of SnO,:F thin films for different fluorine doping
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Fig. 9 imaginary part of dielectric constant of SnO,:F thin films at different fluorine doping

3.9 Optical Band Gap (E,)

The optical band gap (Eg) of the SnO,:F thin films is calculated from the allowed direct
transition given by ahy = A(hy — E;)* where (hy) is the photon energy, (Eg) the bandgap
and (A) the edge parameter. The value of (x) is (1/2) for direct allowed transitions and (2)
for indirect allowed transition. The films prepared in the present study have direct allowed
transitions. The optical band gap is determined by extrapolating of the linear part of the
curve (ahy)? which intercepts the energy axis, E, are found to be (3.5, 3.57, 3.65, 3.7,
3.75) eV for fluorine doping concentration (0, 5%, 10%, 15%, 20%), respectively. As
shown in Fig. 10, the optical band gap is increase with increasing fluorine doping
concentration in the films. This result is in a good agreement with the report [2].

3.10 Urbach Energies (Ey)

It is well-known fact that semiconductors represent band tails due to the deformation and
high carrier concentration. Defects in structure lead to local electric fields that affect the
band tails, and band tiling is a result of impurity, disorder or any other defects. The
absorption coefficient (o) in the low Energy range follows the well-known exponential

low, that is the Urbach tail expressed by a(v) = aoexp(?) where (a,) is constant and Ey

denotes an energy which is constant for weakly dependent on temperature and is often
interpreted as the width of the tail of localized states in the bandgap [19, 20, 21]. Ey values
are estimated from the slope of the linear relationship (Ina) against (hy) using above
equation.

Fig. 11 shows Urbach plots of the SnO,:F thin films. The values of E obtained from the
inverse of the slope of (Ina) versus (hy) are given in Table 1. Urbach energy of SnO,:F thin
films increases with increasing fluorine doping concentration in the films.
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Table 1 Optical properties of SnO, :F thin films
. ! ! Transmittance
0,
Doping % (Eu) (meV) (Ey) (eV) (at 550 nm) %
0 360 35 40
5 342 3.57 47
10 278 3.65 52
15 231 3.7 59
20 199 3.75 61
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Fig 11 Urbach plots of Sn0,: F thin films for different fluorine doping
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4. Conclusions

Fluorine doped tin oxide (FTO) films were successfully prepared on quartz substrate at a
substrate temperature equal to 450°C by a homemade spray pyrolysis technique. The
average transmittance in the visible region (at 550 nm) has been found (40, 47, 52, 59,
61%) for the fluorine doping (0, 5, 10, 15, 20%) respectively. The increase in the
transmittance spectra of the SnO,: F due to the decreasing in the film thickness because of
the growth rate is decreased with increase fluorine content in the films and, the color of the
undoped tin oxide thin film is milky white that turned colorless When the doping
concentration increased to (20%). The optical band gap is increase with increasing fluorine
doping concentration in the films and, Urbach energy of SnO,:F thin films decreases with
increasing fluorine doping concentration in the films.
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Abstract

In this work, a novel relation between the bulge luminosity (Lbulge), and spiral arm
pitch angles (P) has been found. We measured the spiral arm pitch angles of a sample of 40
spiral galaxies by using a 2D Fast Fourier Transform decomposition technique (2DFFT) on
Spitzer/IRAC 3.6-um images. We selected a sample of nearly face-on spiral galaxies and
used IRAF's ELLIPSE routine to determine the ellipticity and major-axis position angle in
order to deproject the images to face-on, and apply a 2DFFT, we determined the spiral arm
pitch angles.
The measurements of the bulge luminosity are based on a 2-dimensional (bulge-bar-disk)
decomposition program by using Spitzer/IRAC 3.6 um images. The bulge luminosity was
determined for a sample of 40 spiral galaxies by applying the two-dimensional
multicomponent decomposition method.
Keywords: spiral galaxies, pitch angle, bulge luminosity, classical bulges.
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Introduction
A black hole is a region of space-time where gravity is so strong that nothing, not even
light, can escape from it (Wald 1984).
Black holes can be divided into three types: supermassive black holes (SMBHs),
intermediate masses black holes (IMBHs), and stellar masses black holes, (Gebhardt &
Rich 2005). The normal black holes are thought to be the endpoint of stellar evolution for
the most massive stars (Valeri & Igor 1998). Supermassive black holes are joint at the
middle of all or most of galaxies (Mogorrian et al., 1998; Ferrarese & Merritt, 2000)
Supermassive black holes are joint at the middle of all or most of galaxies, where observed
that with the resolution of the Hubble Space Telescope (HST) with its high sensitivities to
observe the centers of spiral galaxies. Also, the central masses of spiral galaxies are in the
range of thousands to billions of the masses of our sun (Kormendy & Richstone 1995;
Richstone et al. 1998; Kormendy & Gebhardt 2001).
Since the last decades, the researches of galaxies of galaxies have led to the detection that
there are many tight relationships locally between the SMBHs masses and the global
features of the components of the hosts of spiral galaxies. This suggests an interesting join
between galaxy formation and SMBH growth (Yuexing 2007). As a result, astronomers
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think that the energy emitted by growing SMBHs play significant role in shaping the
characteristics of the host's structure of galaxies (Benson 2010; Fabian 2012).

There is growing guide which points out that relationships between the mass of the SMBH
and almost or all the possible parameters of the host galaxy bulges. This suggests that
SMBHs play an important role in galaxy formation. Most galaxy bulges contain a central
SMBH whose mass strongly correlates with stellar velocity dispersion (c*) within the
effective radius (r, Mgy-0*); (Ferrarese & Merritt 2000; Gebhardt et al. 2000a; Tremaine et
al. 2002) with the bulge luminosity or spheroid luminosity of the galaxy (Lpu, M-Lpy;
Kormendy & Richstone 1995; Magorrian et al. 1998; Marconi & Hunt 2003- hereafter,
MHO03; Héring & Rix 2004; Giiltekin et al. 2009), with the bulge mass (My,;) (Magorrian et
al. 1998, MHO03, Héring & Rix 2004, hereafter HR04), and circular velocity (Ferrarese
2002), with the galaxy light concentration (Graham et al. 2001), the dark matter halo
(Ferrarese 2002), with the effective radius (Marconi & Hunt 2003), the Sersic index
(Graham & Driver 2001, 2007), with the gravitational binding energy and gravitational
potential (Aller & Richstone 2007), combination of bulge velocity dispersion, effective
radius and/or intensity (Aller & Richstone 2007), with the radio core length (Cao & Jiang
2002), and the inner core radius (Lauer et al. 2007).

As mentioned above, all scaling laws have led previous authors to the conclusion that
SMBH, growth and bulge formation regulate each other (Ho 2004; Benedetto et al. 2013).
That means that mass of the SMBH is somehow tied to the structural parameters of the rest
of the galaxy.

In this work, using more sophisticated techniques of measuring the bulge luminosity such
as two-dimensional image decompositions (e.g., McLure & Dunlop 2001; Wandel 2002,
Hiiring & Rix 2004, Hu 2009, Sani 2011), produces a new tighter correlation between
spiral arm pitch angles and the bulge luminosities of their host galaxies. The structure of
this work is as follows: in Section 2, I briefly describe the sample. Section 3 is an analysis
and discussion of the results. The conclusions are given in Section 4.

Sample

In this work, a sample of 40 Spitzer/IRAS (3.6um) spiral galaxies were selected (see Table
1) The bulge luminosity estimates in this work are based on a two-dimensional (bulge - bar
- disk) decomposition program which more accurately models the Spitzer/IRAC 3.6 pum
images (Laurikainen et al. 2005).

The sample consisted of Hubble types ranging from Sa to Sc for which it is possible to
measure pitch angle for each galaxy.

For this study, we measured the spiral arm pitch angles (P) of a sample of nearly face-on
spiral galaxies by first using IRAF to determine the ellipticity and major-axis position
angle in order to deproject the galaxy images to face-on by assuming that spiral galaxy
disks are essentially circular. Then a two-dimensional Fast Fourier Transform (2DFFT)
was applied to the deprojected images in order to measure the spiral arm pitch angles
(Davis et al. 2012 & Treuthardt et al. 2012). This method removes a great deal of the
uncertainty present in the measurement of the pitch angles of spiral galaxies (Davis et al.
2012).

We obtained spiral arm pitch angles of 18 spiral galaxies from the literature that were
derived using B and K band images (Seigar et al. 2006, Davis et al. 2012). Spiral arm pitch
angle has been shown to be independent of the wavelength at which it is measured (Seigar
et al. 2006a); so, a different band of images were used to determine P for our sample of
spiral galaxies. The remaining 22 spiral arm pitch angles were measured by applying a
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two-dimensional fast Fourier transformation (Schrdder et al. 1994) to Spitzer/IRAC 3.6um
images, assuming logarithmic spirals.

In this study, a consistent sample of 40 spiral galaxies are considered, which consisted of
14 non-barred galaxies and 26 barred galaxies, 17 AGN-host galaxies and 23 non-AGN
galaxies, and 16 galaxies with classical bulges and 24 galaxies with pseudobulges.

Bulge Luminosity

In this section we present a mid-infrared study of the scaling relations between SMBH
masses and the structural parameters of the host spheroids in the galaxies that are
represented by bulge Iluminosity (L), based on two-dimensional disk-bulge-bar
decompositions of Spitzer/IRAC 3.6 um images of 40 galaxies with Mgy.
Although, there are problems in determining the bulge luminosity of spiral galaxies, as a
result of the difficulty in getting the values precise for bulge—disk decomposition, we used
2D bulge-disk decompositions of Spitzer/IRAC 3.6 um images of 40 galaxies, where there
is a minimum in the bright foreground from interplanetary dust. In addition, we used
SExtractor (Bertin & Arnouts 1996) to mask out the pixels from foreground stars or bright
neighbors, background galaxies, and possible irregularly shaped regions such as dust lanes
across the galaxy. In this work, we preferred to avoid compilations of Ly, values from
various authors using different methods, as these involve a range of morphologies different
from spiral galaxies in the Mgy - Louge relation.
The interesting thing about this study is that the bulge luminosity is based on a large
number of pseudobulges, exceeding the number of pseudobulges used in most research
(i.e. 5 in Hu 2009 or 9 in Sani 2011). The poor statistics of pseudobulges in other studies
prevent reaching a firm conclusion about the nature of their relation with each component
of the galaxy. This means that the sample in this work is one of the largest samples used
thus far to study Mgy-host galaxy scaling relations compared with previous works.
Here we studied the relations between bulge luminosity (L), and spiral arm pitch angle
(P) listed in Table (1).

Measurement of the bulge luminosity (Lpu)

The measurement of the bulge luminosity is based on a two-dimensional (bulge- bar-
disk) decomposition program to model Spitzer/IRAC 3.6 um images (Laurikainen 2005).
The bulge luminosity was determined for a sample of 40 spiral galaxies by applying the
two-dimensional multicomponent decomposition method. In this method, an exponential
function was used to describe the disc:

14(r) = log exp[-(r/hr)]
where 1,4 is the central surface density of the disc, hr is the radial scalength of the disc, and
r is disc radius. The bulge is described by a Sersic function:

where I, is the central surface density of the bulge, hb is the scale parameter of the bulge,
and B=1/n with n=sérsic index. The half-light radius (effective radius), r., of the bulge was
obtained by converting h:

re = (by)" hy
where the value of b, is a proportionality constant defined such that I'(2n) = 2y(2n,b,). T
and y are the complete and incomplete gamma functions, respectively. We use the
approximation b, = 2.17n, — 0.355 (David 2010), where n, is the bulge Sersic index.
The bars and ovals are estimated using a Ferrers or a Sersic function.

-29 -




‘ Hecademic J. for Engineering and Science ooukad§ dmuidd . g myml afll adad
ISSN: 2708-7956, vol. 4, No. 2, 2022 2022 ddud 2 aall 4 Alaall

where I,y i the central surface brightness of the bar, ay,, is the bar major axis, and nbar is
the exponent of the bar model defining the shape of the bar radial profile.

The orientation parameters were estimated using Spitzer/IRAC 3.6 pm images of 40
galaxies with Mgy estimates. These images were used to measure the minor-to-major axis
ratios (q = b/a), effective radii, the radial profiles of the isophotal major-axis position
angles (¢) and the estimated inclinations of the disk using the mean values in the outer
parts of the disks (Laurikainen 2005).

First, foreground stars were removed and all point sources from the Spitzer 3.6 um images
were masked out by using SExtractor (Bertin & Arnouts 1996), next, the surface brightness
profiles were derived using the ELLIPSE routine in IRAF' (Jedrzejewski 1987,
Laurikainen 2005). To change surface brightness units to mag arcsec?, the following
formula was used:

Where S3.6pum is the flux value of the 3.6 um band in units of MJy sr—1, ZP3.6um is the
IRAC zero magnitude flux density in Jy and is 280.9 (Reach et al. 2005).

Apparent magnitude was converted to absolute magnitude using luminosity distance and
absorption in the galaxies according to the NED? database.

Measuring spiral arm pitch angle
Previous studies described logarithmic spirals in polar coordinates (Lin & Shu 1964;
Kennicutt 1981; Elmegreen & Elmegreen 2004; Seigar & James 1998a, b, 2002; Seigar et
al. 2006; Vallée 2002 ). This is a special kind of spiral curve that describes the arm in disk
galaxies:

r=r ee tan(¢p)
where r is radius, 0 is central angle, 1y is initial radius when 6 = 0, and pitch angle is -90 <
® <90.
Because the spiral arm pitch angle has been shown to be independent of the wavelength at
which it is measured, multi-band images were used to determine it for our sample of spiral
galaxies (Seigar et al. 2006a).
Spiral arm pitch angles were measured using a two-dimensional fast Fourier transform
(2DFFT) decomposition with logarithmic spirals of Spitzer/IRAC 3.6 pm images of 63
galaxies, with inclinations of 30° <i < 60°. The 2DFFT program analyzes images of spiral
galaxies and categorizes their pitch angles and number of arms. The two-dimensional fast
Fourier transform decomposition program is fully described by I. Puerari in Schréder et al.
(1994).
The amplitude of each Fourier component is given by:

where r and 0 are polar coordinates, I(In r, 0) is the intensity at position (In r, 6), m
represents the number of arms or modes, and p is the variable associated with the pitch
angle P defined by tan(P) =—m/pmax.

IRAF was used to determine the ellipticity values and major-axis position angle in order to
deproject the 3.6 um galaxy images to fully face-on by assuming circular outer isophotes.
ELLIPSE in IRAF was used to derive inclination angle (a); (Hubble 1926; Jedrzejewski
1987), which is defined by:

lIRAF is distributed by the National Optical Astronomy Observatories, which is operated by the Associated
Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science
Foundation

2 http://nedwww.ipac.caltech.edu/
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o = cos™(b/a)
where (a) is the semi-major axis and (b) is the semi-minor axis. Where the value 0°
describes a face-on galaxy and 90° describes an edge-on galaxy,
A two-dimensional fast Fourier Transform (Schroder et al. 1994) was then applied to the
deprojected 3.6 pm images. Assuming logarithmic spirals, the spiral arm pitch angles were
measured by applying the relationship between SMBH and P discovered by Seigar et al.
(2008).

Results and Discussion

By analyzing the sample of 40 spiral galaxies and plotting the L,y — P correlation, we
conclude that there is a new correlation between Ly, and P. In Table 2, we list the
parameters of the best-fitting lines shown for this diagram.

Figures 1-3 illustrate the relations in L-spiral arm pitch angle (we assigned a particular
marker to these galaxies according to their morphological bulge type: i.e. bulge and
pseudobulge galaxies. In Fig. 1 we note that both pseudobulges and bulges are located
between the fitting lines. The best-fitting lines are shown for this diagram:

Pearson's linear correlation coefficient for a correlation between SMBH and Ly, is 0.82 for
both classical bulges and pseudobulges. This means a strong correlation exists between
spiral arm pitch angle and bulge luminosity in late-type galaxies.

Figure 1 shows the correlation of the pitch angle with bulge luminosity distribution for the
sample of galaxies described as “bulge” in Table 2, where the scatter looks somewhat large
in the Ly,-P relation.

Based on the conclusions of Ferrarese (2002 [F02]), Ho (2004), and Ferrarese et al. (2006
[F06]), the Ly -P relation supports the notion of regulated formation mechanisms and co-
evolution for the galaxy’s bulge luminosity (the smallest structures in a galaxy) and the
pitch angle of a galaxy's spiral arms (the largest structures in a galaxy).

During the decomposition process, the bulge luminosity was measured. For this figure, we
have recomputed these values, especially for pseudobulges with n < 2, to get more accurate
results.

Kormendy & Fisher (2008) pointed out that bulges have steep brightness profiles for bulge
light in spiral galaxies that often dilute the contrast with the spiral structure, and that bulge
light especially affects discernibly of the spiral structure very strongly at smaller galaxy
radii. Note, the spiral structure depends little on radius which is essentially a property of
the pseudobulge galaxy.

15— | —
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Figure (1): Bulge luminosity (L3.6) as a function of spiral arm pitch angle.
The solid line is the fit to all spiral galaxies.
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The fundamental L, — P scaling relation of spiral galaxies was examined while taking into
account the nature of the bulge (classical or pseudobulge). Figure 2 illustrates the relations
in Lyy-P, where the classical bulges and pseudobulges have prominent correlations. The
best- ﬁttlng lines are shown for this diagram:

Pearson's linear correlation coefficient for the correlation between SMBH and L, are 0.87,
and 0.78 for classical bulges and pseudobulges respectively. We note that Pearson's linear
correlation coefficient values for classical bulges and pseudobulges of spiral galaxies are
shown to have a strong correlation. These results have a significance of 99.6%, a 3c.
Figure 2 also demonstrates that there is a statistically significant correlation between the
luminosity of the bulge and the spiral arm pitch angle: galaxies with high bulge luminosity
have smaller pitch angles. The correlation looks somewhat better for pseudobulges with n
< 2. In addition, pseudobulges with small pitch angles follow the same scaling relations as
classical bulges, while those with large pitch angles deviate from the scaling relations of
classical bulges.

The pitch angle-bulge luminosity relation (non-barred, AGN, and non-AGN galaxies;
Figure (3) shows the same behavior. There is a SIgnlflcant correlation between the pitch
angle and the luminosity of the bulge for all of them.

T T T
120 Fit to Bulges Galaxies Bulges Galaxies. .

.. Fitto iges Galaxies [ P Galaxies |

|
CTL
105/ "fﬂaﬁ_\ ,:
N I - ]

100 :— e VIKHI‘ ‘{ —:

o

10 20 30 40
Pich Angle (degree)

Bulge Luminosity (solar luminosity)

Figure (2): bulge luminosity (Ls¢) as a function of spiral arm pitch angle. The linear
regression are shown as long dash and dash dot dot dot, respectively, for pseudobulges, and
bulges galaxies.

Figure 3 shows a plot of SMBH masses calculated from the (Lp,-P) relation, for non-
barred, non-AGN, and AGN galaxies. Pearson's linear correlation coefficient for a
correlation between Ly, and P was found to be 0.78, 0.83, and 0.79 for non-barred, non-
AGN, and AGN galaxies respectively.

Most of the AGNs are host to low-mass black holes (BHs) (Wandel 2000, Greene & Ho
2006, Hu 2008), so the slope of the Ly,—P relation in the AGNs is somewhat low when
compared to non-barred, non-AGN galaxies. Pearson's linear correlation coefficient values
for all types of galaxies are noted to have the significance level at which the null
hypothesis of zero correlation is disproved, is 3c.

The best-fitting lines are shown in this diagram:
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Figure (3): bulge luminosity (Ls¢) as a function of spiral arm pitch angle. The linear
regression are shown as long dash, dash dot dot dot, dash dot and dashed, respectively, for,

non-barred, Non-AGN, and AGN galaxies.

Conclusions

Based on this work, the following conclusions can be made:

1- The scaling relations were studied between the bulge luminosity (Ly,), and spiral arm
pitch angles. The bulge Sérsic index (n) and effective radius (Re) were determined based
on a 2D decomposition of 3.6 um Spitzer/IRAC images of 40 spiral galaxies, and
dispersion velocity values obtained from Hyperleda which were used to estimate the bulge
luminosity.

2- The relations between bulge luminosity (L), and spiral arm pitch angle (P) were
investigated using 2D decomposition of Spitzer/IRAC images at 3.6 um, and the best-
fitting linear regressions are:

3- The results of this study indicate that secular evaluation for the pseudobulges and minor
mergers for the classical bulges of spiral galaxies played an important role in growing
supermassive black hole masses in center of spiral galaxies.

4- A mid-infrared (MIR) view of the Mgy scaling relations was used based on a 2D
decomposition of Spitzer/IRAC images at 3.6 um. The high performance of Spitzer/IRAC
provided images of advanced quality in the MIR for the 40 spiral galaxies analyzed here.
IRAC sensitivity permitted the clear identification of morphological features for spiral
galaxies. Bulge luminosity and that of the bulge structure parameters was determined using
two-dimensional bulge-disk decompositions of Spitzer/IRAC 3.6 um images, with high
accuracy. A new relation was found to exist between the spiral arm pitch angles and the
bulge luminosities of disk galaxies.

Table 1. Columns: (1) galaxy name. (2) Hubble type taken from the Hyper-Leda catalogue. (3)

Spiral arm pitch angle (P). Most of (P) taken from Berrier et al. (2013), and Davis et al. (2012).

The spiral arm pitch angle given for M31, MW, and NGC 4945 are taken from Braun (1991),
Levine et al. (2006) and Burg et al. (1986) respectively. (4) Bulge luminosity.

Name ) Leda Type ¥ P (deg) © Lguge(Lo) ¥
Circinus Sh 26.7 9.81

1C 2560 SBb 16.3 10.7
NGC 224 Sh 8.5+1.3 10.9
NGC 613 Shc 23.68+1.77¢ 10.5
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NGC 1022 SBa 19.83+3.6) 10.2
NGC 1068 Sb 17.3+2.27% 10.9
NGC 1097 SBb 16.7+2.62)% 10.8
NGC 1300 Shc 12.7+1.8 10.6
NGC 1350 Sab 20.57+5.38' 10.2
NGC 1353 Sb 36.6+5.41 9.62
NGC 1357 Sab 16.16+3.48C 10.9
NGC 1365 Sb 15.4+2 4% 10.7
NGC 1398 SBab 6.2+ 11.2
NGC 1433 SBab 25.82+3.79' 9.76
NGC 1566 SABb 21.31+4.78% 10.2
NGC 1672 Sb 18.22+14.07% 10.2
NGC 1808 Sa 23.65+7.77X 10.5
NGC 2442 Shc 14.95+4 21 10.6
NGC 3031 Sab 15.4+8.6 10.9
NGC 3227 SABa 12.949 10.4
NGC 3368 SABa 14+1.4 10.8
NGC 3511 SABc 28.21+2.27X 9.81
NGC 3521 SABb 21.86+6.34 10.5
NGC 3673 Sb 19.34+4.38X 10.7
NGC 3783 SBab 22.73+2 58X 0.84
NGC 3887 Shc 24.4+2.6 10.3
NGC 4030 Shc 19.8+3.2% 10.6
NGC 4151 SABa 11.8+1.8 10.7
NGC 4258 SABb 7.7+4.2 10.9
NGC 4462 SBab 17.2+45.421 10.7
NGC 4594 Sa 6.1 11.3
NGC 4699 SABb 6.242.2 11.4
NGC 5054 Shc 25.57+3.731 10.4
NGC 5055 Shc 14.9+6.9 10.5
NGC 6300 SBb 24.3+3.8)X 0.82
NGC 6902 SBab 13.7142.3™ 10.9
NGC 7213 Sa 7.05+0.28' 11.2
NGC 7531 SABb 18.31+9.09X 10

NGC 7582 SBab 14.7+7.44% 11

NGC 7727 SABa 15.94+6.39X 11.5

Table 2: Linear correlation coefficient and linear regression coefficients of bulge luminosity as
a function of the spiral arm pitch angle, [log(Lgy) = o — BP]

Types of galaxies A i} No. of correlation

galaxies coefficient
All galaxies 11.56 £ 0.81 | 0.056 + 0.015 40 0.87
Pseudobulge galaxies 116+04 0.044 + 0.01 25 0.78
Classical Bulge galaxies | 11.26 £0.25 | 0.048 £ 0.013 16 0.78
Non-Barred galaxies 11.53+0.7 0.056 + 0.01 14 0.83
AGN galaxies 1149+ 0.4 | 0.055+ 0.008 18 0.79
Non-AGN galaxies 11.67+£0.5 0.06 + 0.009 23 0.83
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Abstract:

In this work, we have studied new correlations between velocity dispersion of the bulge
and bulge luminosity, using 40 images of spiral galaxies.
This paper is based on two dimensions, bulge-disc-bar decompositions of images of 40
spiral galaxies at 3.6um from Spitzer/IRAC with velocity dispersion values. Our estimates
of velocity dispersions from the literature. We identified the bulges of spiral galaxies into
classical bulges and pseudo-bulges by using model decomposition, and compare their
characteristics with velocity dispersions. Using these data, we analysed the behaviour of
the coefficients and the intrinsic dispersion. In this work, novel correlations had been
submitted in thls work as far as authors know. Throughout this paper, we use
Hy=70kms 'M pc”', Qm=0.3 and QA=0.7.
Keywords: gaIaX|es classical bulges — pseudo-bulges, photometry — infrared.
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Introduction
During the last ten years, researches of galaxies drove to the detection that there are many
tight relationships locally among the center of galaxies and the global features of their
hosts. Accordingly, astronomers think that the energy emitted play significant functions in
forming the characteristic of the components of the host galaxies [1, 2, 3].
There is growing proof that point out those correlations among the center of galaxies and
almost the possible parameters of the host galaxies. The mass of the central (SMBH) of
galaxy relates with bulge velocity dispersion (6*) [4, 5, 6], with luminosity of the bulge of
the galaxy (Low) [7, 8, 9, 10, 11], with the staller mass of bulge (Mpug) [8, 10], with
rotation velocity [12], with effective radius of the bulge [9], the Sersic index [13, 14], with
the integration of effective radius of the bulge and dispersion velocity [15], and spiral arm
pitch angles [16].
In this work, the sample galaxies are divided into those classical bulges and those
pseudobulges based on the value of Sérsic indices (ny) and the ratio of bulge-to-total (B/T)
luminosities. Two methods were used for this classification: first, classical bulges have n,>
2 whereas, pseudobulges have n, < 2 [17]. Second, the value (B/T) of classical bulge is
(0.4), and the value (B/T) of pseudobulge is (0.162[7, 17]. The morphological Hubble types
of spiral galaxies have taken from HYPERLEDA".

*http://leda.univ-lyon1.fr/
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In this paper, using sophisticated techniques of measuring the bulge luminosity on a two
dimensions, decomposition of images of 40 spiral galaxies at band 3.6 pm from
Spitzer/IRAC and stellar velocity dispersions, produces an even tighter relationship among
the luminosity of bulges and the parameters of the bulges (stellar velocity dispersions) for
(classical bulges, pseudobulges, barred, non-barred, AGN, and non-AGN).

Methods
The bulge luminosity Measurement (Lipyge)-
The magnitudes of the luminosity of bulges are using a program of 2D (bulge - bar - disk)
decomposition from Spitzer/IRAC at 3.6 um band [18]. The luminosity of bulge
determined for 40 images of spiral galaxies based on 2D decomposition technique. In this
technique, the exponential function applied to characterize the galactic disc:
Ta(r) = log exp[-(r/hy)]
where 1,4 is the density of central surface of the disc, h, is the radial disc scale length, and r
is radius of the disc. The exponential function applied to characterize the bulge that
described by a Sersic function:
Ip () = Iop exp[—(rp/hp)P]
where 1, is the density of central region of the bulge, h, is the parameter of scale of the
bulge, and f=1/n, where (n) is the index of sérsic parameter. The half-light radius (r.), for
the bulge was gotten by using h,
re = (bn)" hy
where: b, is a constant of proportionality, that is I'(2n) = 2y(2n,b,), and y and I" are the
incomplete and complete gamma functions. In this work, used the approach b, ~ 2.17n, —
0.355 [19], where ny is Sersic index for the bulge.
The bars are measured using a Sersic function:
Ibar(rbar) = IObar(1 - (rbar/abar)z)nbar-l-osi Ibar < @par
=0 » Tbar = @par
where Ioyer iS the center of region brightness for the b, ay, is the major axis of bar, and npq,
is the indicator of the bar model.
First, front stars have been removed and all the sources of point from the images using
SExtractor programme [20], next, applying the ELLIPSE routine in IRAF?, the profiles of
surface brightness were derived [18, 21]. To change the units of surface brightness to mag
arcsec”, the next formula was applied:
S3.6um X 2.35x 107>

M3eum = —2.5 X logqg 7P,
.6um

Where S; g,m is the measurement of flux of the 3.6 pm by units of MJy st ZP;5 6, 18 the
IRAC zero magnitude flux density in Jy and the value is 280.9 [22, 23].
Apparent magnitude (msem) Was transformed to absolute magnitude (Mjeum) Was
transform applying luminosity distance of the galaxies based on the (NED) database.
The resultant 3.6 pm magnitude of each object is listed in column 3 of Table (1) Absolute
magnitudes were measured applying the standard relation:
M3.6|.1m= M3 s5ym — 5 IOg d+5 .. (1)

Where (d) is the luminosity distance in parsecs. The luminosity of bulge of the galaxy was
estimated using a relation:

log (Lasum/Lo) = 0.4(-Magun + 3.24) ... (2)

2 IRAF is distributed by the National Optical Astronomy Observatories, which is operated by the Associated
Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science
Foundation
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Measurement bulge velocity dispersion:

In this work, dispersion velocity were gotten in spiral galaxies from the literature, and
applying the relation for circular velocity (V) and dispersion velocity (¢*) [12].
The relationship of V.~ o« is one of the best common methods applied to measure The
velocity of the stellar surrounding component (bulge) [2, 12]. This is found by estimating
the rotation velocity in the disk of galaxy. This relation derive from the observation that
rotation velocity relate with the dispersion velocity.
The rotation velocity (V.) of spiral galaxies were transformed to velocity dispersion (c«)
applying the relation [12]:

logV. = (0.84 + 0.09) logo + (0.55+ 0.19) ... (3)
Results and discussion
By analyzing the sample of 40 images of galaxies and studying of the Ly — o*
correlation, we concluded there is a novel correlations between Ly, and ¢*. In Table (2),
we list the parameters shown for the best-fitting lines for these diagrams.
According to the NED database, we used luminosity distance of the spiral galaxies to
convert the apparent magnitude to absolute magnitude.
The bulge luminosity was calculated using the magnitudes obtained with the two-
dimensional decomposition at 3.6 um and applying the standard relation:
log L3,6/L® = 04(_M36 + 324‘)
where (3.24) is the value of absolute magnitude of the Sun at 3.6um band [23]. An
uncertainty of +0.2 dex was assumed for the bulge luminosities [24].
To determine the bulge luminosity — dispersion velosity relations, we used the following
form: Ly,,; =x +f(logx — x-). The fitting results of Ly, — 6* correlations are presented in
Table (2).
Figure (1) explains the relationship in (Lyug- 0*) (we appointed special These galaxies'
marker based on their morphological type of the bulge - i.e. galaxies have classical bulges
and pseudobulges in Figure (1) was found that both classical bulges and pseudobulges are
existing among the fitting line. The best-fitting line is displayed for this figure:
logyo L3¢ = (0.01 + 0.01)0 * +(9.07 + 0.35)

Pearson's linear relation coefficient for a relation for L,y and dispersion velocity is 0.74
for classicalbulges and pseudobulges. That implies, a good relationship exists among bulge
luminosity and the dispersion velocity in spiral galaxies. Figure (1) illustrates the relation
of bulge luminosity with the dispersion velocity division for the sample of spiral galaxies
characterized the bulges in Table (2), we noted the scatter looks somewhat not large in the
Lypy-o* relation.
In this work, we presented a study of the scaling relations for parameters of the host in the
spiral galaxies, which are shown by bulge luminosity (Lpug), using 2D- disk - bulge-bar
decompostions at 3.6 pm band of 40 galaxies.
The good about this work is that the bulge luminosity is used a big number of
pseudobulges overriding the number of pseudobulges applied in most of the researches as
far as authors know [25, 26]. That means that a sample in this study is the largest samples
used so far to study Lyug- o* relations compared with previous works.
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Fig 1: Bulge luminosity (L) versus the dispersion velocity (6¢*). The line is the fit to galaxies

The fundamental Lgyq — o* scaling relationships of galaxies was studied taking into
calculation the nature of the bulge (classic or pseudo-bulges). Figure (2) clarifies the
relationships in Lyy-0*, and the classicalbulges and pseudobulges have distinguished
relations. This diagram shows the best-suited lines:

logi9 L3¢ = (8.81+ 0.4) + (0.012 + 0.001)0 * pseudobulges

logo L3¢ = (9.6 £ 0.25) — (0.008 + 0.0013)0 * classical bulges

12.5

[ = Fitf0 classical buiges
-= Fitio pseudobuiges
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Fig. 2: Bulge luminosity (L) as a function of the linear regressions for pseudobulges, and
bulges galaxies respectively

Figure (2) presents the Lyug versus o* divison for the galaxies represented as
classicalbulge and pseudobulge in Table (2), we found the large scatter in the Lyyge- o*
relation was noted by us and many authors for another correlations [25, 26].

Pearson's linear coefficient was found for correlations for L; and o* are 0.77 and 0.78.
We find that Pearson's linear correlation coefficient value for the two kinds of galaxies
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shows a moderate correlation. Attention has been drawn by a number of researchers [14,
25, 27, 28, 29] to the coexistence of pseudobulges and c*.
Also, the figure above shows that 12 out of 23 pseudobulges galaxies are consistent with
the relationship for classic bulges, and the others are inconsistent with the linear regression
for this correlation.
Obviously, in these kind of structures for spiral galaxies appears to be better correlated
with the small classical bulge [26, 28, 29, 30]. Multiple studies confirmed that
classicalbulges and pseudo-bulges can coexist in the same galaxy [7, 31, 32, 33, 34, 35].
The two-dimensional bulge-disk decompositions [18] of Spitzer/IRAC 3.6 um is very
important to identify the type of the central bulge [18, 28, 36], whether, classical bulge or
pseudobulges or both of them.
These outlier galaxies would then have (6*) which corresponds to their original Ly, but a
lower current Lyyg. This could illustrate why they are outliers in the L,,-c* correlation.
The bulge luminosity — dispersion relations (barred, and non-barred galaxies) (Figure (3)
explain the behaviour are the same. Pearson's linear coefficient for a relation for Ly, and
o* are 0.77, and 0.781 for barred and non-barred, galaxies, respectively. There is a
significant correlation between the luminosity of bulge and dispersion velocity for all of
them. This diagram shows the best suited lines:
logi9 L3¢ = (8.95+ 0.5) + (0.012 + 0.002)0 * barred galaxies
logo L3¢ = (9.6 £ 0.25) — (0.01 £ 0.001)0 * Non — barred galaxies
Figure (4) displays a plot of (L,y-c*) relation, for AGN, and non-AGN galaxies,
respectively. Pearson's linear coefficient for a relation for L, and c* are 0.74, and 0.76 for
AGN, and non-AGN galaxies. The best fitting lines for this diagram are:
logi9L3z6 =(9.114+0.7) + (0.010 + 0.001)0 * AGN galaxies
logqo Lz = (9.6 £ 0.25) — (0.01 + 0.001)0 * Non — AGN galaxies
As most of the AGNs have low-mass black holes (BHs) [25, 27]. A comparison to non-
barred, non-AGNs, it is very low in the AGNs in the slope of the Ly,—oc* relationship for
all types of galaxies, Pearson's linear correlation coefficient values were noted to have the
degree of significance at Which is disproved at 3c by the null hypothesis of zero
correlation.

12
=———Fitfo Barred Galaxies
Qg 11.5 [——FtioNon-Barred Galaxes ,_}4
3 *
2 11 ¢
=y N
3 105 -
£ u
E
3 10 F _
F) - . +p Barred Galaxies
2 95 - P+ Non-Barred Galaxies
9 ......... IS T T T TN T T N——
50 100 150 200 250 300

DispersionVelosity (o)

Fig. 3: Bulge luminosity (L) versus the linear regressions for barred, and non-barred galaxies
respectively.
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Fig. 4: Bulge luminosity (L) versus the linear regressions for Non-AGN, and AGN galaxies
respectively.

Table (1): Estimated Galaxy Parameters. Columns: (1) names of galaxy. (2) Hubble type of
spiral galaxy (3) Stellar Velocity dispersion, references: [11, 12, 25, 26, 27, 37, 38, 39, 40, 41,
42,43, 44, 45, 46,47, 48, 49, 50, 51, 52, 53, 54,55, 56]; (*) dispersion velocity estimated from V
— o+ relation. (4) Bulge luminosity. (5), B-Barred galaxy; nB - Non-Barred galaxy. (6) AGN
and non-AGN. (7), C — classicalbulge; P — pseudo-bulge.

Name Leda Type o* (km/sec) | Lguge(Lo) B ornB AGN or CorP

1) (2) 3) (4) ©) AGN (6) @)
Circinus Sh 75 9.81 nB nAGN P
IC 2560 SBb 137 10.7 B AGN P
NGC 224 Sh 160+8 10.9 nB AGN P
NGC 613 She 125.3+18.9 10.5 B AGN P
NGC 1022 SBa 99 10.2 B nAGN P
NGC 1068 Sh 15147 10.9 nB AGN P
NGC 1097 SBb 150 10.8 B AGN P
NGC 1300 Sbe 145422 10.6 B nAGN P
NGC 1350 Sab 120.91+2.08* 10.2 B nAGN P
NGC 1353 Sb 83 9.62 B nAGN P
NGC 1357 Sab 121+14 10.9 nB nAGN P
NGC 1365 Sb 151+20 10.7 B nAGN P
NGC 1398 SBab 216420 11.2 B nAGN C
NGC 1433 SBab 8449 9.76 B nAGN C
NGC 1566 SABDb 100410 10.2 B AGN P
NGC 1672 Sh 130.842.09* 10.2 B AGN C
NGC 1808 Sa 148 10.5 B AGN P
NGC 2442 Sbe 140.74+2.18* 10.6 B AGN P
NGC 3031 Sab 14347 10.9 nB AGN C
NGC 3227 SABa 128+13 10.4 B AGN C
NGC 3368 SABa 122+(28,24) 10.8 B nAGN P
NGC 3511 SABc 93.56+2.04* 9.81 B nAGN P
NGC 3521 SABb 130.547.1 10.5 B nAGN C
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NGC 3673 Sb 117.45+2.07* 10.7 B nAGN Cc
NGC 3783 SBab 9510 9.84 B AGN C
NGC 3887 Sbc 102.01+2.05* 10.3 B nAGN p
NGC 4030 Sbc 122.43+2.1* 10.6 nB nAGN p
NGC 4151 SABa 1568 10.7 B AGN C
NGC 4258 SABDb 146+15 10.9 B AGN p
NGC 4462 SBab 1468 10.7 nB nAGN C
NGC 4594 Sa 240£12 11.3 nB AGN p
NGC 4699 SABb 215£10 114 B nAGN Cc
NGC 5054 Sbc 104.48+2.05* 104 nB nAGN C
NGC 5055 Sbc 10145 10.5 nB nAGN p
NGC 6300 SBb 9445 9.82 B AGN P
NGC 6902 SBab 145.86+2.1* 10.9 B nAGN Cc
NGC 7213 Sa 185420 11.2 nB AGN C
NGC 7531 SABDb 108.7+5.6 10 B nAGN C
NGC 7582 SBab 13720 11 B AGN Cc
NGC 7727 SABa 181+10 11.5 B nAGN C

Table (2): coefficients of linear correlation and linear regression of bulge luminosity
and of the dispersion velosity, [log(Lgy) = a — o*]

Types of galaxies o No. of galaxies | correlation

coefficient
All galaxies 11.56 + 0.81 0.056 £ 0.015 41 0.87
Pseudobulges galaxies 116+04 0.044 + 0.010 25 0.78
Classical Bulges galaxies | 11.26 +0.25 0.048 + 0.013 16 0.78
Barred galaxies 11.53+0.70 0.056 + 0.010 14 0.83
Non-Barred galaxies 1153+ 0.70 0.056 £ 0.010 14 0.83
AGN galaxies 11.49+0.40 0.055 £ 0.008 18 0.79
Non-AGN galaxies 11.67 £ 0.50 0.06 + 0.009 23 0.83

Conclusions

In this work, novel correlations had been submitted in this work as far as authors know.
We found new relations observed in the local Universe for the bulge luminosity and the
stellar dispersion velocity of the host bulges. The analysis of this result is based a
programme of two dimensions decomposition of 3.6 um band from Spitzer/IRAC of 40
images of galaxies.
The relationships between bulge luminosity (Lg,), and the dispersion velocity (c*) were
investigated using 2D decomposition of Spitzer/IRAC galaxies at 3.6 um, and the best-
fitting lines regressions were:
logyo L3 = (9.07 + 0.35) — (0.011 + 0.001)0 *
logo L3¢ = (8.81 £ 0.4) — (0.012 + 0.01)0 * (pseudobulges)
logqo L3¢ = (9.60 £+ 0.25) — (0.008 + 0.001)0 * (classical bulges)
logqo L3¢ = (8.95 1+ 0.5) — (0.012 + 0.002)0 * (Barred)
logo L3¢ = (9.6 £ 0.25) — (0.01 £ 0.001)0 * (Non — Barred)
logyo Lz = (9.11 + 0.7) — (0.010 + 0.001)0 * (AGN)
logyo L3 = (9.6 + 0.25) — (0.01 + 0.001) * (Non — AGN)
In this work, the results support the finding of the previous studies that indicated secular
evaluation for the pseudobulges of spiral galaxies and minor mergers for the classical
bulges played an important function in studying the universe.
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Abstract:

In this paper, we presented more information about the co-evolution of supermassive
black holes and their hosts. This work divided into many sections: first, a short history of
black holes, Second, Supermassive black holes and their hosts which contain: Bulge
luminosity (Lguge), Spiral arm pitches angle (P), and Rotation velocity (Vo).
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A short history of black holes

Black Hole is a region of space-time where gravity is so strong that nothing, not even
light, can escape from it (Wald 1984). The astonishing idea of that even light could not
escape from a celestial object was first hypothesized in 1783 by John Michell. An amateur
British astronomer wrote a letter to the Royal Society in 1783 which stated: “If the semi-
diameter of a sphere of the same density as the Sun were to exceed that of the Sun in the
proportion of 500 to 1, a body falling from an infinite height towards it would have
acquired at its surface greater velocity than that of light, and consequently supposing light
to be attracted by the same force in proportion to its vis inertiae, with other bodies, all light
emitted from such a body would be made to return towards it by its own proper gravity”
(Michell 1784).
In 1796, thirteen years after Michell’s letter, the mathematician Pierre-Simon Laplace
pointed out the same idea (Thorne 1994), which he referred to as a dark stars. At the time,
the hypothesis was not widely accepted because it was not understood that light, as a wave,
could be influenced by gravity (Laplace 1796).
Both scientists Mitchell and Laplace, understood the concept of escape velocity, which is
the speed essential to escape an object's gravity. For escape velocity to exceed the speed of
light, the mass of the parent body (in this case the dark star) has to be above a certain limit.
Under these circumstances, light could not escape from the star's gravity (Michell 1784 &
Laplace 1796). In 1916, Albert Einstein who was one of the most brilliant scientists in
physics published his research on the General Theory of Relativity. The theory of General
Relativity was expressed mathematically in a set of 10 extremely complex, coupled,
nonlinear partial differential field equations. From these field equations, the idea of black
holes could be derived. Einstein’s equations showed that mass curves space and time and
that gravity is a result of that curvature i.e., by bending space, mass (or gravity) influences
the path a light ray travels (Einstein 1915). Furthermore, from Einstein’s earlier work on
Special Relativity, it was already known that the speed of light was a constant, as well as a
universal speed limit.
In 1916, Karl Schwarzschild, a German physicist introduced the modern concept of the
black hole. He discovered a mathematical solution to Einstein's field equations that
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described the gravitational field of a point mass; this solution described the space and time
around any spherical mass including the distance which known as the Schwarzschild
Radius (rs). This radius described the distance from the center of a sphere at which light
cannot escape, where the mass of a black hole is entirely inside its Schwarzschild radius
(Schwarzschild 1916).

In 1930, Subrahmanyan Chandrasekhar, an Indian physicist used special relativity and
Fermi-Dirac statistics to derive the mass limit of a white dwarf (1.4 solar masses). Below
this mass limit, a stellar remnant’s gravitational collapse would be prevented by the Pauli
exclusion principle. In other words, the electrons become degenerate, and the inward
gravitational pull is balanced by outward electron degeneracy pressure. A white dwarf with
a mass greater than this limit is unable to support itself against its own gravitational pull
and crunches into a neutron star (Chandrasekhar 1931), an object that is supported by
neutron degeneracy pressure. Later, in 1939, Robert Oppenheimer and his colleagues
predicted that neutron stars have an upper mass limit of approximately three solar masses
(the Tolman—Oppenheimer—Volkoff limit). Above this limit, gravity overcomes neutron
degeneracy, and the object would collapse into black holes (Oppenheimer 1939). In 1968,
the American physicist John Archibald Wheeler used the term “black hole” (Hooft 2009).
By the 1960s, the concept of black holes had generated great interest among physicists,
astronomers, and the other people as well.

Astronomers observed many types of black holes which can be classified into three groups:
stellar mass black holes, intermediate mass black holes (IMBHSs) and supermassive black
holes (SMBHs) (Gebhardt & Rich 2005). The distinction between normal black holes and
SMBHE is that normal black holes are believed to be the end point of stellar evolution for
the most massive stars. The possible end products of stellar evolution are white dwarfs,
neutron stars (usually observed as pulsars), and black holes. Stars that have masses greater
than around 5 times the mass of the Sun may end up as a black hole (Valeri & Igor 1998).
A SMBH is the largest type of black hole. They are typically found in the centers of
galaxies, with masses in the range ~10° to 10°Mo.

Supermassive black holes (SMBHs) are common at the center of all or most of
galaxies (Mogorrian et al., 1998; Ferrarese & Merritt, 2000) as observed at high
sensitivities and resolution with the Hubble Space Telescope (HST). In addition, their
masses are in the range of hundreds of thousands to billions of solar masses (Kormendy &
Richstone 1995; Richstone et al. 1998; Kormendy & Gebhardt 2001).

Over the last decade, studies of galaxies have led to the discovery that there are many
strong or tight correlations locally between the masses of the SMBHs and the global
properties of the spheroid components of their hosts. This suggests an intriguing link
between galaxy formation and SMBH growth (Yuexing 2007). As a result, astrophysicists
believe that the energy released by growing SMBHs play important role in shaping the
properties of the structure of their host galaxies (Benson 2010; Fabian 2012).

There is increasing evidence which indicates that relationships between the mass of the
SMBH and almost or all the possible parameters of the host galaxy bulges. This suggests
that SMBHSs play an important role in galaxy formation. Most galaxy bulges contain a
central SBH whose mass strongly correlates with stellar velocity dispersion(c+) within the
effective radius (re) ( Mgu-o+); (Ferrarese & Merritt 2000; Gebhardt et al. 2000a; Tremaine
et al. 2002) with the bulge luminosity or spheroid luminosity of the galaxy (Lyu) (M-Lagyige;
Kormendy & Richstone 1995; Magorrian et al. 1998; Marconi & Hunt 2003- hereafter,
MHO03;Héring & Rix 2004; Gultekin et al. 2009), with the bulge mass (Mpge) (Magorrian
et al. 1998, MHO03, Héring & Rix 2004, hereafter HR04), and circular velocity (Ferrarese
2002), with the galaxy light concentration (Graham et al. 2001), the dark matter halo
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(Ferrarese 2002), with the effective radius (Marconi & Hunt 2003), the Sersic index
(Graham & Driver 2001, 2007), with the gravitational binding energy and gravitational
potential (Aller & Richstone 2007), combination of bulge velocity dispersion, effective
radius and/ or intensity (Aller & Richstone 2007), with the radio core length (Cao & Jiang
2002), and the inner core radius (Lauer et al. 2007).

As mentioned above, all scaling laws have led previous authors to the conclusion that
SMBH, growth and bulge formation regulate each other (Hu 2009; Bettoni D. 1997). That
means that mass of the SMBH is somehow tied to the structural parameters of the rest of
the galaxy.

Using more sophisticated techniques of measuring the bulge luminosity such as two-
dimensional image decompositions (e.g., McLure & Dunlop 2001; Wandel 2002, Hiiring
& Rix 2004, Hu 2009, Sani 2011), produces an even tighter correlation between SMBH
mass and the host galaxy bulge parameters.

Kormendy & Richstone (1995) pointed out that the estimated central quiescent galaxy
black hole masses of eight galaxies have a tight correlation with their host galaxy bulge
luminosities. Magorrian et al. (1998) used the determinations for a BH sample of 32
nearby galaxies and suggested that the supermassive black hole mass, Mgy, is proportional
to the bulge mass Mg, and luminosity of the host galaxy bulge, such that on average
Mo/ Mpuige = 0.006, with a rather large scatter about £0.5 dex. Based on collections of My,
values from various studies, Kormendy (2000) and H (2009) found a lower mean ratio of
Mon/ Mpuige = 0.0015-0.002, with a large scatter. These correlations imply that the processes
which drive the more intimately linked with galaxy evolution and processes which drive
SMBH growth (Erwin 2011).

The correlations between the mass of supermassive black holes (SMBHSs) and properties of
their host galaxies helped to understand the mechanism of nuclear energy by the formation
and evolution of BHs (e.g., Rees1984; Tremaine et al. 2002).

Two strong correlations which can be used to estimate the SMBH mass are as following:
First, the SMBH correlation with the bulge velocity dispersion. Gebhardt et al. (2000b,
GO00) and Ferrarese & Merritt (2000) investigated a significantly tighter correlation of Mgy
with the bulge velocity dispersion o+, with some disagreement concerning the slope of this
relation. (Ferrarese 2000, Gebhardt 2000;Tremane et al. 2002). Second the correlation with
spiral arm pitch angle (Seigar et al. 2008), which has a lower intrinsic scatter, compared
with other correlations.

Supermassive Black Holes and Their Hosts

1. Bulge luminosity (Lgyige)

The previous works to determine the bulge luminosity by Marconi & Hunt 2003, Gultekin
et al. 2009, Hu 2009 and Sani 2011 attempted to compensate for the different methods and
analysis techniques employed by several bands (V, K, 3.6um), like using the program
GALFIT, and BUDDA. All of which arrive at different values for the slope of the classical
bulges and pseudobulges galaxies Mgy —Lpuge COrrelation.

Marconi & Hunt (2003, hereafter MHO3) measure the bulge properties of 37 near-infrared
galaxies by a two-dimensional bulge/disk decomposition program GALFIT (Peng et al.)
2002). They obtain tight Mys-Lyuge and Myy-Mq relations, where My is the bulge dynamical
mass. Using more sophisticated techniques of measuring the bulge luminosity or
dynamical modelingof the host galaxy, such as two-dimensional image decompositions
(e.g., McLure & Dunlop 2001; Wandel 2002, Haring & Rix 2004, Hu 2009, Sani 2011),
produces a tighter correlation between SMBHs and the host galaxy. Sani et al. (2011)
investigated a new relations between SMBH masses and luminosity, bulge mass, effective
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radius, velocity dispersion of the host galaxies, based on Spitzer/ IRAC 3.6 um images of
35 spiral galaxies.

2. Spiral arm pitch angle (P)

The previous works have found that central SMBH mass is strongly related with spiral arm
pitch angle of its host (Seigar et al. 2008, Davis et al. 2012, Berrier et al. 2013). Pitch angle
is the angle between a line tangent to the arm in a spiral galaxy at a given radius and a line
tangent to a circle at the same radius. The degree of twist of the spiral arms is a
characterization of the pitch angle, where the galaxies with small and large pitch angles
have tightly wound spiral arms and open arms respectively (Kennicutt 1981; Ma 2001,
Savchenko & Reshetnikov 2011). The measurement of spiral arm pitch angle gives a
measure of how tightly the spiral arms of a galaxy are wound. Since the creation of a
morphological classification scheme of galaxies by Hubble (1926), authors have competed
to investigate the wide correlation of the spiral and morphological type of the observed
galaxies (e.g. Kennicutt 1981).

There are a variety of methods for measuring the pitch angle, some of them is based
directly on the search for the angle between the tangents to the spiral arm and to the
circumference centered at the galaxy nucleus. Also, some other methods are based on a
Fourier analysis of the point's distribution in the spiral arms of a galaxy ( Athanassoula
2005).

In these methods, the common feature is that they all require determining the orientation
of galactic disks in space, which are described by the position angle and the inclination.
For simplicity, the spiral galaxies are assumed as infinitely thin disks (i.e. a spiral galaxy is
described as an oblate spheroid where the mathematics and result for the oblate spheroid is
very similar), so the inclination angle (i) can be estimated by using the standard
formulation for described by (Hubble 1926).

Although it is clear that an inclination angle derived by this equation is not exact enough,
most researchers use it in their research (Ma 2001).

For this study we measured spiral arm pitch angle of a sample of nearly face-on spiral
galaxies and used IRAF to determine the ellipticity and major-axis position angle in order
to deproject the images to face-on by assuming that spiral galaxy disks are essentially
circular. Then two-dimensional Fast Fourier Transform (2DFFT) was then applied to the
deprojected images in order to measure the spiral arm pitch angles (Davis 2012 &
Treuthardt 2012).

This method is in removes a great deal of the uncertainty present in the measurement of the
pitch angles of spiral galaxies (Davis 2012).

Seigar et al. (2008) discovered a significant correlation between how tightly wound a spiral
arm is and the SMBH mass in the nuclei of disk galaxies. This correlation provides a
simplistic and relatively quick method to estimate SMBH mass by calculating spiral pitch
angle of nearby galaxies (Davis et al. 2012; Berrier 2013).

Seigar et al. (2006a,b) and Davis et al. (2012) have concluded in their research that pitch
angle does not depend measurably on the image's band, where they found consistency
between B-band and NIR-band in the measurements of pitch angles by using 2D fast
Fourier transform (2DFFT) analysis with logarithmic spirals.

3. Rotation velocity (Vo)

In 1981 and 2011, Kennicutt and Savchenko published two papers in which the relation
between the spiral arm pitch angles, and its maximum rotation velocity were studied. They
found a tight correlation between the spiral arm pitch angles and maximum rotation
velocity.
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Although, there is only a weak correlation between the pitch angles and the arm structures
and with the bulge-to-disk ratio (Roberts 1976), a few researchers (as Kennicutt 1981,
Savchenko 2011) have pointed out that a good correlation exists between the maximum
rotation velocity and the pitch angle of the spiral arm, suggesting that the form of spiral
pattern is principally set by kinematic parameters (Verschuur et al.1988).
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Abstract

Titanium alloys have been used in biomedical applications because of their
biocompatibility and mechanical properties. However, it has a possible toxic effect
resulting from released vanadium and aluminum. The (HAP) coated Ti-6Al-4V alloy
prevented releasing of undesirable vanadium and aluminum. The aim of this paper is to
investigate the structural and mechanical properties of Ti-6Al-4V alloy by coating with
(HAp). This coating was prepared by Radio Frequency Plasma Sputtering (RF) method.
The thin film of HAp was improved the structural, composition, roughness and hardness
were characterized by X-ray diffraction (XRD), Field Emission- Scan Electron Microscope
(FE-SEM), atomic force microscope (AFM) and Vickers hardness respectively. The HAp
films were crystalline structure. AFM showed different roughness of Ti-6Al-4V when
uncoating and as-deposited HAp thin film.
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Introduction

The pure (cpTi) titanium and its alloys (such as Ti-6Al-4V) have been utilized for load
bearing implants in dentistry, osteosynthesis and orthopedics due to their excellent
biocompatibility, lightweight, high-strength, corrosion resistance and relatively low
density[1]. These properties are not high enough to promote direct growth of the bone
tissue or reduced the healing period and also Ti-6Al-4V alloy has a possible toxic effect
resulting from released vanadium and aluminum [2]. A modification of metal surface has
been employed to controlling tissue—titanium interactions; reduce the time for bone
fixation and to prevent releasing of undesirable ions from the alloy [3]. These problems
can be solved by using coating layers from bioinert materials as bioceramic HAp. Where,
these materials are major inorganic component of human bone matrix and have a crystal
structure identical to human bone and teeth minerals [4]. The coated thin films do not
release ions into surrounding tissue of the body as do metallic biomaterials so that the
coating layers on metallic biomaterials to prevent metallic ion release from orthopedic
implants made of Ti6AI4V [5].
Many techniques, such as sol gel [6], Plasma electrolytic oxidation (PEO) [7],
Electrophoretic deposition (EPD) [8], dip coating process[9], lon Beam Assisted
deposition (IBAD) [10], pulsed laser deposition (PLD) [11], plasma spray[12] and RF
plasma magnetron sputtering can be used to deposit HA coatings. RF sputtering has
several useful applications such as high RF sputtering rates of metals and insulators at low
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pressures and provision of a DC bias on the substrate surface; RF could also be used to
sputter insulators, semiconductors, and metal [13]. This technique can produce thin,
uniform, dense coatings that are homogeneous in composition and structure [14].

Materials and Methods

Ti-6Al-4V samples used in this project were acquired from WG (William Gregor Ltd,
London, United Kingdom). Circular (Ti-6Al-4V) samples are cut from rod with 30mm
diameter and 3 mm thickness. All samples were abraded successively using SiC grinding
paper with different grits started from 80 grit, and continued by 120, 230, 400, 600,800,
1000 and 1200 grit to obtain flat and scratch free surface and then polishing with diamond
suspension start (1, 3, 6, 9, 15 um) for a smooth and mirror polished surface. A grinding
and polishing machine model: metaserv 250, buehler was utilized and then cleaned
ultrasonically and washed with acetone and deionized water.
RF sputtering was utilized to prepare thin film of HAp on Ti6Al4V alloy by using high
purity (99.99%) HA, target, a base pressure was evacuated to (1x10®° mbar) by a
combination of rotary and turbomolecular pump, then the argon gas (Ar) was passed till
the pressure reached (1x10° mbar), and then the target was cleaned by pre-sputtering
(with 30 W RF power) for 15 min. Ar (99.99%) was supplied as reactive gas at a flow ratio
of 10 sccm. The distance between the substrate and the target was maintained at 80 mm for
all deposition experiments with a RF power 200 W for 1 h duration. During the sputtering
process, the temperature rose to approximately 80 because of self-heating.
Various techniques for surface analysis, structure examination and properties evaluation
are used to investigate modified surface such as XRD analysis was carried out within the
20-60° range using a (PANalytical X’Pert PRO MRD PW3040, Almelo, Netherlands) with
a Cu Ko radiation (\= 1.541 A) to identify the phases developed of specimens of Ti6AI4V
alloy. FESEM was performed using a (Leo-Supra 50VP, Carl Zeiss, Germany) equipped
with an energy dispersive X-ray (EDX) system.. Element distribution in the surface of
treated and untreated samples is evaluated using EDX mapping. The surface roughness of
the film was measured by using atomic force microscope (AFM) (Dimension Edge,
Bruker) in the Tapping operation mode and a NanoDrive dimension edge-apping, image-
processing software.

Result:

Figure (1) shows the X-ray diffraction patterns of uncoated Ti-6Al-4V alloy. It is
observed in the figurel that the lines of Ti-6Al-4V are 100, 002, 110, 101 and 102 at 26
values 35.46°, 38.27°, 39.98°, 40.7° and 53.24°, respectively which belong to o and B
phases of Ti-6Al-4V.

The coated thin films of HAp appear lines of the XRD with the following Miller indices
(hkl): (002), (100), (101), (110) and (102), they belong to the Ti-6Al-4V alloy and (313)
belong to the HA, phase which proved the data reported for hexagonal Cas(P0,);0H
substrate as indicated in Figure (2). This result proved that the crystalline of HA, layer
became better.

Figures (3) and (4) display Field Emission Scanning Electron Microscope (FESEM)
images of uncoated Ti-6Al-4V alloy and the coated with hydroxyapatite by radio
frequency plasma deposition RF for 1h, respectively. The substrate sample in Figure (3)
shows many scratches and smooth surface due to its grinding and polishing. The HA, thin
film was formed on whole surface of substrate. HA, thin film was found to be the
crystalline structure as indicated in Figure 4.
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Figure 2: X-ray diffraction pattern of HA coated Ti-6Al-4V alloy.
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Figure 3: FESEM images of the untreated Ti-6Al-4V substrate
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Figure 4: FESEM images of the HAP nanostructure deposied. on Ti-6Al-4V substrate
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Field-emission scanning electron microscope images of cross-sectional structure were used
to measure the average layer thickness of HA, on Ti-6Al-4V alloy was 257.4 as indicated
in Figure 5.
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Figure 5: FESEM cross-section of the HAP nanostructure deposited on Ti-6Al-4V

Surface morphology plays an important role in biocompatibility materials. In order
to study the influence of the surface properties on apatite layer formation and hardness
properties, samples of uncoated Ti-6Al-4V and HAp coated Ti-6Al-4V were used to
characterize the change in the surface properties. A surface roughness of the samples after
RF plasma treatment was conducted using atomic force microscope AFM.

The uncoated Ti-6Al-4V specimen in Figure 6 shows many scratches and smooth
surface due to its grinding and polishing with low roughness. It was 6.54 nm. The surface
topography of HAp coatings on Ti-6Al-4V alloy is shown in Figure (7). The surface
topography of the thin film was rough and showed layer with longitudinal grooves over the
whole surface. The HAp layer coated alloy had the crystalline phase resulted harder layer.
The roughness values increased with HAp coated Ti-6Al-4V alloy where they were 6.54
nm and 146 nm, respectively as indicted in Table (1).

Table 1: Morphological characteristics from AFM images for Ti-6Al-4V substrate
And HAP coated Ti-6Al-4V alloy

Ti-6Al-4V substrate 6.54
HAp coated Ti-6Al-4V alloy 146

-55 -




‘ Hcadoemic J. for Engineering and Science ekl 19 Gt heaield - iig_ny=l <l aa)
ISSN: 2708-7956, vol. 4, No. 2, 2022 2022 ddud 2 aall 4 Alaall

o]
S

K 2= 18.7nm R |22z 562.6nm
‘ 5 S S Ee = -

)'é =

I0_0 Hejrk+ Saneor 50 unl 00 Heinht Sensar 5.0 um

(a) (b) 5626 nm

-21.6nm
Figure 6: AFM images of Ti-6Al-4V substrates (a) 2D and (b) 3D
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Figure 4.13: AFM images of HAP nanostructure on Ti-6Al-4V substrate with S5pmx5um
scanning area (a) 2D and (b) 3D

Conclusions:
The present study concludes that coating of Ti-6Al-4V alloy with HAp has crystalline
phase. The surface topography of uncoated Ti-6Al-4V and the coated thin films of HAp are
significantly difference in surface roughness. The coating of HAp on Ti-6Al-4V alloy is
good method to form excellent hardness layer and prevent releasing of undesirable ions
from the alloy.
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