Applied Mathematics, 2015, 6, 440-446 00:0 Scientific
Published Online February 2015 in SciRes. http://www.scirp.org/journal/am ”:Q’ 53?%2?329
http://dx.doi.org/10.4236/am.2015.62041 ¢

Temperature Fluctuations in Photoionized
Nebulae in Case of Oxygen and Nitrogen
Abundances

S. Belay Goshul, Derck P. Smits?

1Department of Physics, Dire-Dawa University, Dire-Dawa, Ethiopia
2Department of Mathematics, Astronomy and Computing Science, UniSA, Pretoria, South Africa
Email: belaysitotaw@gmail.com, Smitsdp@unisa.ac.za

Received 5 February 2015; accepted 24 February 2015; published 27 February 2015

Copyright © 2015 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Open Access

Abstract

We present the dependence of electron temperature fluctuations of O+ and H* by the chemical
abundances of oxygen and nitrogen. Models assume that hydrogen density is uniform in one case
and non uniform in the second case, which vary with the distance from the central star. The abun-
dances of oxygen and nitrogen change by scale factor 5 and 1/5. Our analysis suggests that tem-
perature fluctuations are consistent with photoionization. Using the cloudy photoionization code,
we found a reasonable close agreement of the computed value with the one that was done before
this work. Our simulation also shows that how change of abundances affects temperature fluctua-
tions and its value is less than 0.01.
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1. Introduction

Accurate abundances of heavy metals are essential for solving astrophysical problems, including stellar and ga-
lactic chemical evolution. This was tested by different authors like [1]. The problem of the existence of temper-
ature fluctuations in H Il regions was first noted by [2], suggested that those measured in ionized gaseous nebu-
lae depend on the ionization radiation field, hydrogen density and elemental abundances.

The gas temperature obtained from the observed O[l1I] line ratio is greater than the one from the Balmer
discontinuity [3]. Different authors like [4] [5] tried to estimate the value of temperature fluctuations t* on pho-
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toionization in H Il region. These values in H Il region varying from 0.02 to 0.09 were found and yielded sig-
nificant effects on element abundances.

The abundance determination in H I1 region and the planetary nebula have positive impacts of temperature
fluctuations given by [2]. The abundances of H, He, C, O, N, Ne, S, and Ar are included to determine the tem-
perature fluctuations of electron by changing the abundances of oxygen and nitrogen elements by scale factor 5
and 0.2. These are the most important elements which have a great impact on cooling.

Cloudy is an impressive code offering a vast amount of possibilities to model wide variety of objects. The
contents of physics and the basic numerical framework of the codes are explained in the documents given by [6]
with the version of C10.00 to explain all the phenomena.

In this paper, we will try to analyze the effect of hydrogen density and chemical abundances on temperature
structure of electrons and its temperature fluctuations of both hydrogen and oxygen ions. In §2, we present the
problem formulation of temperature fluctuations. In 83 we describe the models and present our calculations. In
84 we present the results and finally we present the conclusion.

2. Formulation of the Problem

Temperature in homogeneities on the emission lines, based on statistical approximation introduced by [2], which
quantifies the brightness increase or decrease of each line in terms of the departure of the temperature from the
average temperature Ty and is given by

~ jv nZTdv

[, nzdv @

0

For homogeneous metalicity nebulae characterized by small temperature in homogeneities, n, is the electron
density, T is the electron temperature, and V is the volume over which the integration is carried out. The rms
amplitude t of the temperature in homogeneities is defined as

[on2(T ~T,)"dv

t* =
Ty |, nédv

O]

We simplified the expression presented by [2], in which t* depends on the density of ionic species considered
while in the above equation. We implicitly consider only ionized H (by setting n, =n, =n?).

The nature of temperature fluctuations is one of the important question in nebular astrophysics. CLOUDY
predicts that they should be very small because of the abundance of cooling function of temperature, while some
observations indicate a very large value of t* [7]. Density fluctuations could be a source of temperature fluctua-
tions, due to increased collisional deexcitation in zones of higher density, but photoionization models including
such density fluctuations also fail to return large enough values of t? [1] and [8].

3. Model Parameters

We consider two different models for this photoionized region in H 1l regions. The first one correspond to a
dense nebulae ionized by a star that is very hot and its temperature is T, = 75,000 K and its density n(H) = 10°*
cm 2. The second correspond to a more diluted nebulae ionized by a hot star. We assumed the density of the gas
in neutral medium within the galaxy is that of power law decrease in the gas density with the distance from the

center given by
n=n, [LJ 3)
r0

where n, is the gas density at r = r, and r, is the scale length describing the rate of decay of this with radius. We
have chosen hydrogen density, n(H) = 10° cm 2, change by o =-0.5, and T, = 10° K. The stars are assumed
to radiate as a blackbody. The inner radius of the nebulae is chosen to be 10 cm for the former case and 5 x
10" cm for the latter one. In both cases we assume that the total number of H Lyman continuum photons emit-
ted by the star, Q(H) = 10* photons per second and the filling factor is unit.

An additional set of a nebular parameters is the chemical composition of gas, usually taken to be 10°, 776,
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437,182, 110, 75, and 36 atoms of He, C, O, N, Ne, S, and Ar, respectively per 10° H atoms is shown in Table
1. This is taken from the average composition of elements are taken from [9], whereas the chemical composition
of Arand S are taken from the solar composition given by [10]. The most important of these abundances are that
of C, O, which we assume that these elements as the principal coolant [11] and [12]. This model is constructed
with different values of oxygen and nitrogen. To investigate the temperature fluctuations of electron, we vary
the total abundances of both oxygen and nitrogen by scale factor 5 and 1/5 to test separately. When the abun-
dance of oxygen vary by scale factor 5 and 1/5 in H 11 region helps to estimate temperature of electron and very
useful for obtaining estimates of abundance gradients in spiral galaxies and of oxygen abundances of star-
forming regions in the distant universe [13]. The parameters are given in Table 2 and Table 3.

4. Result and Discussion

We can easily observe from the result given in Table 4 and Table 5, variations of temperature with inhomoge-
neities abundances of O and N. This result of this paper strongly suggests that abundances change produce tem-
perature fluctuations. When the abundances of O rises by scale factor 5, the magnitude of its temperature is

Table 1. Elemental abundances used in the nebular model.

H He (0] C© N Ne S Ar
10° 10° 437 776 182 110 18 16
0.00 -1.00 -3.36 -3.11 -3.74 -3.96 -4.75 —-4.79

Table 2. First model parameters.

Q(H) T n(H) R, O (abundance) N (abundance)
phst . om3 cm increase scale by 5 increase scale by 5
i . s 2188 912
10 75.000K 10 1o log (O/H) =266 log (N/H) = -3.04
100,000 K 10° 5 x 10 log(O/H)=-2.66 log(N/H)=-3.04

Table 3. Second model parameters.

Q(H) T n(H) R, O (abundance by N (abundance by
phst - om3 cm scale factor of 1/5) scale factor 1/5)
© . " 689 145.6
10 100,000 K 10 5x10 log (O/H) =—4.06 log (N/H) =—4.439
75,000 K 10° 10% log(O/H)=-4.06 log(N/H)=-4.439

Table 4. Elemental abundances used in the model and the result obtained.

T, =75000K, n(H)=10'cm™, Q(H)=10* phs* and R=10" cm

Abundances T(0") T(H) t*(H") t*(0")
log (O/H) =-3.66 9760 K 9340 K 0.0083 0.006
log (O/H) =-2.66 7430 K 6860 K 0.01 0.007
log (O/H) =-4.06 11,200 K 10,900 K 0.0036 0.004
log(N/H)=-3.74 9760 K 9340 K 0.0083 0.006
log ( N/H) =-4.4 9850 K 9410 K 0.01 0.007
log ( N/H) =-3.04 9410 K 9050 K 0.005 0.0032
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lower than the normal abundances given by [9]. Whereas the abundances decreases by scale factor 1/5, its peak
temperature greater than the normal one. Similarly, when the abundances increases, t* ~ 0.007 whereas t* ~
0.004 when the O abundances decrease by scale factor 1/5. This result shows that there is slight variation with
the result obtained by [3] for uniform density distribution. This shows that when the abundances increases, its
temperature fluctuations increases. In similar way T(O™), the rise of the abundances and temperature of ionized
O are in the contrary. When it increases by scale factor its temperature is 7430 K and drops by 1/5, its tempera-
ture rises to 11,200 K.

When the abundances of O is increased by a scale factor 5, the temperature of H (T(H")) is decreased by
26.5% and its temperature fluctuation t*(0*") is slightly increased by 0.001. But it drops by scale factor 1/5,
temperature of H rises to 10 900 K and its fluctuation is t*(H") = 0.004.

Similarly, when the abundance of nitrogen increases by scale factor 5, its temperature of T(O"") decreases by
3.7%. This is much smaller than the previous one. Its temperature fluctuation t(H") of H and O when the abun-
dances of N increases by scale factor 5 are 0.05 and 0.0032 respectively. But when the abundance of nitrogen
drops by scale factor 1/5, its temperature is slightly greater than the normal abundances given by [9].

In the first model, we have more diluted nebulae ionized by a hot star. We have chosen hydrogen density
n(H) = 10" cm®, change by @ =-0.5, and T, = 75,000 K. The result is shown in Figure 1 describes the

Table 5. Elemental abundances used in the this model and the result obtained.

T,=100,000 K, n(H)=10°cm®, @=-05, Q(H)=10* phs* and R=10" cm

Abundances T(0%) T(H) t*(H") t*(0™)
|0g(O/H) =-3.66 9476 K 8950 K 0.013 0.008
|0g(O/H) =-2.66 7550 K 5270 K 0.043 0.003
|0g(O/H) =-4.06 11,100 K 10,800 K 0.006 0.003
|0g(N/H):—3.74 9470 K 8950 K 0.001 0.008
|Og(N/H):—4.4 9710 K 9210 K 0.02 0.007
|Og(N/H)=—3.04 8490 K 7830 K 0.0013 0.009
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Figure 1. Temperature structure for the first model. Green broken line is the abundances of oxygen increase by scale factor

5, whereas black dot line is the abundances decrease by scale factor 1/5 and red broken line is for the normal abundances
given by [9], T, =75,000 K, and n(H) = 10%, = —0.5.
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temperature of electrons drops when the abundances of the most cooling elements increase by scale factor 5. The
higher the abundances of oxygen elements, its peak temperature drops faster than the other two cases. Similarly
the abundances of nitrogen shown in Figure 2 increase by the scale factor 5, its variation of temperature fluctua-
tion is significant relative to oxygen abundances. But this does not mean that, nitrogen abundances have not im-
pacts on changing the temperature. At a distance around 0.145 pc, the variations of temperature are high relative
to other points.

In the second model, we have more diluted nebulae ionized by a hot star and we have chosen hydrogen den-
sity n(H) = 10° cm™, change by @ =-0.5, and T, = 10°> K. The result shown in Figure 3 and Figure 4
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Figure 2. Temperature structure for the first model. Green broken line is the abundances of nitrogen decrease by scale

factor 1/5, whereas black dot line is the abundances increase by scale factor 5 and red broken line is for the normal
abundances given by [9] T, = 75,000 K, and n(H) = 10%, a = —0.5.
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Figure 3. Temperature structure for the second model. Green broken line is the abundances of oxygen increase by

scale factor 5, whereas black dot line is the abundances decrease by scale factor 1/5 and red broken line is for the
normal abundances given by [9], T, = 100,000 K, and n(H) = 10*.
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Figure 4. Temperature structure for the first model. Green broken line is the abundances of oxygen increase by scale factor
5, whereas black dot line is the abundances decrease by scale factor 1/5 and red broken line is for the normal abundances
given by [9], T. =100,000 K, and n(H) = 10*.

describe the temperature of electron is greatest when the abundances of both O and N are smallest. Since these

elements are the main cooling agents, its temperature structure shows that through the processes temperature
drops in both cases. Temperature fluctuations of O and N are smaller in this model.

5. Conclusion

In this paper we present a study of temperature fluctuation on two different cases, for uniform and non uniform
hydrogen density at two different temperatures of 75,000 and 100,000 K. This was done by in homogeneities on
the emission lines, based on statistical approximation introduced by [11], which quantities the brightness in-
crease or decrease of each line in terms of the departure of the temperature from the average temperature T, de-
scribed by Equation (1). The main results are based on the analysis of chemical abundances of oxygen and ni-
trogen on different mechanism to test such change. Temperature fluctuations are obtained from the photoioniza-
tion models generated by the spectral synthesis code CLOUDY (C10.00), calculated using the recombination
theory for hydrogenic ions. Accurate t* values have been obtained by comparing the O** abundances derived
from recombination lines with those derived from collisionally excited lines. It is clear from the result that tem-
perature variations t* < 0.01 value as described in [14]. The main causes of temperature fluctuations are chemi-
cal inhomogeneities of heavy metals, density variations and temperature of central stars.
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