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Abstract

Aims. The paper is devoted to the influence of hydrodynamic turbulence in the gaseous medium of active galaxies on the profile of the [CII] 158 μm emission line.

Methods. From a sample of galaxies with observed profiles of the [CII] 158 μm line, we selected galaxies with a measured full width half maximum. The calculated rotational velocities of the disk galaxies in our selection proved to be clearly greater than 200 km s−1, even without taking dark mass into account. We assumed that the observed widths of the [CII] 158 μm line are due to turbulent eddies in the Kolmogorov cascade process of turbulent energy transfer, and we calculated the corresponding rates of transfer of this energy. In this process, turbulent energy dissipates, thereby heating the medium and causing excitation and subsequent luminescence in the [CII] 158 μm line.

Results. The calculated rates of turbulent energy transfer – (k(1039 − 1044 erg s−1), with a coefficient k = 0.01 − 0.1) – are of the same order of magnitude as the observed luminosities in the [CII] 158 μm line (approximately a few 1037 − 1042 erg s−1). Moreover, a clear close connection exists between these quantities. The behavior of this dependence differs for starburst and active galactic nuclei galaxies, a difference that is probably due to varying kinematic conditions in the medium. To test the possibility of generating the maximum turbulent velocity of about 200 km s−1, we constructed the same dependence for a maximum velocity of 600 km s−1. In such cases, the dependence between the luminosity of the [CII] 158 μm line and the turbulent energy transfer rate remains unchanged.
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1. Introduction
Infrared lines of atoms and ions as well as molecular bands in the spectra of active galaxies have been repeatedly observed and interpreted within the framework of the standard theory of emission lines produced in a medium with appropriate excitation sources. A relationship between the observed fluxes in a given line and the kinematic parameters of the medium can be revealed through theoretical concepts that link these quantities. For example, the widths of observed lines can be associated with the kinematic conditions of the medium and, more specifically, with the presence of turbulence in the radiating region or the velocity gradient of the rotational and/or directed flow. In the region of stellar chromospheres, the classical Wilson-Bappu effect is well known (Wilson & Vainu Bappu 1957), which relates the widths of the emission lines (Ca II, Mg II) to the luminosities of the source star. An attempt to explain this effect by comparing the luminosity of emission lines with the energies of turbulent motions in the chromospheres of stars is given in Gurzadian (1991). In that work, the product of the density of the medium by the square of the velocity was used as a measure to estimate the turbulent energy without any mention or reference to the true redistribution of turbulent energy among vortices of different scales in the medium, which leads to the possibility of radiation of the corresponding lines. It should be noted that the issue of turbulent energy dissipation, which is relevant to both energy balance in the interstellar medium (ISM) and chemical kinetics, has been repeatedly discussed in the literature. In the case of galactic molecular clouds, much attention has been paid to comparisons with observations (see Lesaffre et al. (2020), Godard et al. (2009) and references therein). In the case of active galaxies, observations have not yet reached the required spatial resolution of about sub-parsec scale, but some considerations about the law of turbulent energy dissipation can already be made on the basis of existing observations. In the following we consider only hydrodynamical turbulence excited in the ISM of active galaxies. Here we have in mind the Kolmogorov spectrum of the cascade redistribution of energy between turbulent vortices, which dissipates in the vortices of the smallest scale. In this paper, we use the following relation from theory Marov & Kolesnichenko (2013) to try to establish similar dependencies based on observational data from Samsonyan (2022) in the radiating gas of active starburst (SB) and active galactic nuclei (AGN) galaxies:
[image: Mathematical equation: $$ \begin{aligned} u_t^3 \sim \varepsilon \cdot l_{AG} . \end{aligned} $$](1)
In equation (1), ut is the maximal characteristic velocity of turbulent eddies, lAG is the maximal characteristic size of the eddy, and the value ε is the turbulent energy dissipation averaged over the ensemble of possible realizations of the medium’s turbulent flow (per unit gas mass per unit time, in units of square centimeters per cubic second). At the same time, ε characterizes the rate of transfer of the kinetic energy of the chaotic motion along the hierarchy of vortices in the cascade process.
2. Observational data on the width of the 158 μm [CII] emission line
The sample under consideration comprises 379 extragalactic sources for which [CII] 158 μm line profiles are detailed in Samsonyan et al. (2016). The sample covers a redshift range from z = −0.000605 to z = 0.192243. The far-infrared [CII] 158 μm line spectra were obtained using the PACS instrument on the Herschel Space Observatory. This instrument obtains spectra simultaneously at 25 positions using square apertures called “spaxels”, each 9.4″ wide. For the analysis, we used a profile from the spaxel that is most closely aligned with previous Spitzer infrared spectropraph (IRS) observations, which were used to enable the AGN and SB galaxy classifications. Given that the majority of the sources in the sample are unresolved on these scales, the observations generally capture the global properties of the galaxies, focusing on the circumnuclear regions that dominate the emission. The projected size of a single spaxel at the distance of the sources ranges from a few hundred parsecs to over 20 kiloparsecs. The instrumental full width half maximum (FWHM) for the [CII] line was determined empirically. For the Herschel PACS, the instrumental FWHM for the [CII] line was determined to be 236 (km s−1) based on observations of the 30 Doradus HII region, and the final FWHMs listed in the studies are intrinsic widths, corrected for this instrumental resolution. The errors on these FWHM values are noted to be negligible. All [CII] profiles from the Gaussian fits are illustrated in the CASSIS archive (https://cassis.sirtf.com/herschel). The luminosities of the [CII] line were derived from the fluxes shown in these profiles, with the final luminosity values published in Samsonyan (2022). We present the observed L(CII) luminosities and the calculated turbulent energies (see Sect. 4) transferred down in the cascade processes in Table A.1.
Figure 1 and Figure 2 present the [CII] line profiles and the velocity values. More details about the profile fitting can be found in Samsonyan et al. (2016). The fit by PACSman (Lebouteiller et al. 2012) produces the FWHM and uncertainty of the observed Gaussian profile (solid line), which is fit to the data points (broken line and error bars), as well as the line flux and equivalent width. An assumed instrumental width (FWHM-th; dashed line) may be input to yield the intrinsic width (broadening) after removing this instrumental component from the observed profile. The instrumental FWHM used for all sources is 236 km s−1, a value determined empirically from observations of 30 Doradus. Therefore, the intrinsic widths given in Table 1 of Samsonyan et al. (2016), and in our Table A.1, are determined as FWHMintrinsic2 = FWHMobserved2 − 2362. All profiles used in this paper and their observed FWHM are illustrated in CASSIS and are available at https://cassis.sirtf.com/herschel.
	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Herschel PACS observation for NGC3393. Line broadening due to velocities up to 170 km s−1.



	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Herschel PACS observation for NGC7603. Line broadening due to velocities up to 400 km s−1.



The line profiles were broadened due to the superposition of many factors. The largest contribution to the widths is from the rotation of the disk of the galaxy because of the largest values of their velocities, although galactic outflows are also known Guillard et al. (2015).
It was necessary to apply a correction for the angle of inclination of the galactic disk to the line of sight, which was done using known formulas, assuming that galactic disk itself is resolved (Hubble 1926; Jacobs et al. 2009; Whittle 1992).
[image: Mathematical equation: $$ \begin{aligned} \cos i = \sqrt{\frac{\left(\frac{b}{a}\right)^2 - q_0^2}{1 - q_0^2}}. \end{aligned} $$](2)
Here, i is the inclination angle, (i = 0 for a galaxy seen face-on) a and b are the diameters of the projected ellipse, q0 = 0.2 is a good first approximation that is independent of the morphological type. After that, we obtained the real velocities by applying the correction
[image: Mathematical equation: $$ \begin{aligned} u_{\text{rot}}^{r} = \frac{u_{\text{rot}}^{v}}{\sin i}, \quad u_{\text{rot}}^{r} \text{-} \text{ real,} u_{\text{rot}}^{v} \text{-} \text{ visible}. \end{aligned} $$](3)
Rotation velocities were estimated using the approximate formula
[image: Mathematical equation: $$ \begin{aligned} u^2 = \frac{GM}{R}, \end{aligned} $$](4)
where u, M, and R are the rotational speed, mass, and radius of the galaxy. Estimates based on reasonable values of the masses and radii of radiating media give rotational speed ranges of more than 200 km s−1. Indeed, for M = 1011 M⊙, R = 1 − 10 kpc, u = 655 − 207 km s−1, and for M = 5 ⋅ 1010 − 5 ⋅ 1011 M⊙, R = 1 − 10 kpc, u = 464 − 464 km s−1. It is clear that the presence of dark matter will only increase the values of the velocity estimates (Zotos & Caranicolas 2013). Thus, by selecting galaxies with observed linewidths corresponding to values less than 200 km s−1 (in our case), whose observed linewidths of the 158 μm [CII] line are broadened by reasons other than disk rotation (i.e., turbulence and velocity gradients of flows, which should also be turbulent because of large Reynolds numbers; see below), we obtained our sample with vrot < 200 km s−1. We chose values below 200 km s−1 in order to exclude rotational values, that is to include galaxies with linewidths broadened only by turbulence and small velocity gradients. Later, we also consider all galaxies (with all measured velocities).
In local star-forming galaxies, Croxall et al. (2017) have shown that 60–80% of the [CII] emission originates from neutral gas (HI clouds). In other words, because the size of the region emitting in the 158 μm [CII] line depends on the presence of CII ions, that is, on the ionization structure of the emitting medium, calculations of the corresponding structures become an important part of the quantitative description of turbulent media. The ionization structure of the nebula can be modeled (for example, by means of the Cloudy photoionization code), given the observational data in the Hα and Hβ lines and the concentration of the nebula. This will be presented in the forthcoming work.
3. Results and discussion: The amount of energy transferred in the cascade process of turbulent motions
The ISM of active galaxies, which is responsible for the radiation of emission lines, is in a complex kinematic state that is the result of a superposition of many flows caused by such phenomena as stellar and galactic winds, supernova remnants, and merging, all in the presence of a large number of turbulent eddies of different spatial scales. As is known, turbulence in a gaseous medium is associated with the emergence and development of a large number of vortex motions of various scales at certain velocities exceeding laminar values (Marov & Kolesnichenko 2013). For incompressible flows (ρ = const.; in the subsonic case, the approximation of incompressibility is good), in the Navier-Stokes equation,
[image: Mathematical equation: $$ \begin{aligned} \frac{\partial \mathbf u }{\partial t} + (\mathbf u \cdot \nabla )\mathbf u - \nu \nabla ^2 \mathbf u = -\frac{1}{\rho } \nabla P. \end{aligned} $$](5)
At any spatial scale, l, the advection term (u ⋅ ∇)u should be compared with the dissipation term ν∇2u to estimate their relative importance. The ratio of these terms gives the Reynolds number. The advection term can be approximated as [image: Mathematical equation: $ (\mathbf{u} \cdot \nabla)\mathbf{u} \approx \frac{u^2}{l} $], and the dissipation term can be approximated as [image: Mathematical equation: $ \nu \nabla^2 \mathbf{u} \approx \frac{\nu u}{l^2} $]. Thus, the Reynolds number is given by
[image: Mathematical equation: $$ \begin{aligned} \text{ Re} = \frac{u \cdot l}{\nu }. \end{aligned} $$](6)
Here ν is the kinematic viscosity for the density of the ISM, calculated for a concentration nH ∼ 100 cm−3, that is, for the density ρ ∼ 10−22 g cm−3, which gives ν = 3.5 ⋅ 1017 cm2 s−1 (Kaye & Laby 1995). Apart from this ν, an alternative estimate of kinematic viscosity under astrophysical conditions can also be made as follows (Lesaffre et al. 2020):
[image: Mathematical equation: $$ \begin{aligned} \nu \sim c_s \cdot \lambda _{\text{MFP}}, \end{aligned} $$](7)
where [image: Mathematical equation: $ \lambda_{\text{MFP}} \sim \frac{1}{\sigma \cdot n} = 1.8 \cdot 10^{12} \, \text{ cm} $] is the mean free path for elastic (i.e., with conservation of energy and momentum) collisions of neutral hydrogen atoms and with the cross section σ ∼ 5.7 ⋅ 10−15 cm2 (Spitzer 1978), nH ∼ 100 cm−3, and cs ∼ 1 km s−1 at a temperature of T ∼ 100 K is the adiabatic speed of sound (Lesaffre et al. 2020). Thus, approximately, we again have ν ∼ 1.8 ⋅ 1017 cm2 s−1.
When the velocity of the moving medium exceeds the critical value given by the Reynolds threshold number, as is known, the flow becomes turbulent. Assuming that the characteristic size and characteristic velocity have the observed values l = lAG = 1021 cm and u = u(CII) ∼ 107 cm s−1 (Samsonyan 2022), we obtained the Reynolds number Re ∼ 1010, which is much greater than 104 (a threshold value for the incompressible flow to become completely turbulent). As already noted, all estimates and formulas regarding the cascade transfer of turbulent energy are applicable only to an incompressible flow, but numerical studies have shown that they can also be used for a compressible medium (Hattori et al. 1986).
Thus, in this case, the flow is undoubtedly turbulent (Marov & Kolesnichenko 2013). The transfer of kinetic energy on the characteristic scale lAG at the characteristic velocity ut in turbulent flows is given on average by a relation similar to (1) (in this case, multiplied by the density, in units of ergs per cubic centimeter per second. Marov & Kolesnichenko 2013; Godard et al. 2009). In Eq. (8) ut = urotr; that is, ut is equal to the real velocity. Also in Eq. (8), as mentioned above, lAG = 1021 cm, ut = 100 km s−1, and ρ = 10−22 g cm−3, which are typical for AG, so we obtain the given value of ϵ as
[image: Mathematical equation: $$ \begin{aligned} \varepsilon \sim 0.5 \cdot \rho \cdot u_t^3 / l_{\text{AG}}. \end{aligned} $$](8)
This is about 8 ⋅ 10−23 erg cm−3 s−1.
The Kolmogorov scaling of turbulence processes postulates that the cascade energy transfer does not depend on the scale (Marov & Kolesnichenko 2013). This holds true in our Galaxy on scales between 0.01 and 1000 pc (Godard et al. 2009). On the other hand, in a highly compressible ISM, changes in the transmission rate are possible at different scales, but these deviations should not differ much from law (1), as mentioned above. We show that the same holds true for the medium of active galaxies that emit in the strongest lines, such as the [CII] 158 μm line.
The data suggest that the line broadening in our sample is related to the turbulent velocity (and also to flows with a velocity gradient, because they are turbulent due to a high Reynolds number), and the excitation of the medium is carried out by the turbulent energy injected by means of vortices of the maximum size lAG. This energy is further transferred in a cascade process and dissipated in the vortices of the smallest size, lmin, eventually turning into heat that excites atoms, ions, and molecules. This is determined, as mentioned above, by the mean free path of hydrogen atoms, with the cross section for elastic collisions σHH = 5.7 ⋅ 10−15 cm2. For comparison, the H2–H2 elastic collision cross section is σH2H2 ∼ 3 ⋅ 10−15 cm2 (Monchick & Schaefer 1980). At concentrations typical of the ISM in active galaxies, 100 cm−3 (Jaskot & Oey 2013), the dimensions of these vortices are lmin ∼ λMFP ∼ 1012 cm, that is, about 0.1 AU. As is mentioned above, the emission of [CII] comes from neutral HI clouds of kiloparsec scale, where on a small scale, the energy of turbulence is able to dissipate. That is, it is exactly at these small-scale eddies that excited atoms, ions, and molecules finally radiate energy, which may be observed, for example, in the [CII] 158 μm line. One can also estimate the dissipation time of the entire injected energy: tdiss = lAG/ut ∼ 106 − 107 years.
4. The luminosity of the active galaxies in the [CII] 158 μm line
We compare the observed luminosities with the total amount of turbulent energy transferred in cascade processes (reported in the Table A.1),
[image: Mathematical equation: $$ \begin{aligned} {E}_{\text{turb}} = k{\epsilon } \cdot \rho \cdot \frac{4}{3} \pi \cdot l_{\text{AG}}^3. \end{aligned} $$](9)
where Eturb is amount of turbulent energy.
The observed luminosities of our galaxies in the [CII] 158 μm line are on the order of L ∼ 104 − 109 L⊙ = 4 ⋅ 1037 − 4 ⋅ 1042 erg s−1 Samsonyan (2022) and references therein). One may set k = 0.01–0.1 to account for various collisionally excited lines (e.g., low-lying fine-structure states of the ground energetic level) of different atoms, ions, and molecules in CII zone. For example, with n = 100 cm−3, lAG = 1 kpc, and ut ≈ 107 cm s−1, we obtained Eturb ≈ 1041 erg s−1, which is close to the observed values.
According to observations, the turbulent velocity dispersion of the molecular gas in active galaxies may be about 120 < σturb < 330 km s−1 (Guillard et al. 2015; Liang et al. 2024). By adjusting the parameters of the density, velocity, and sizes within appropriate limits, we obtained values close to the observed luminosities. Thus, the upper level of the total amount of turbulent energy for all such galaxies is close to that emitted in the [CII] 158 μm line (see Figs. 3, 4), or more precisely, it is several times greater, since possible radiation also occurs in other lines of other atoms, ions, or molecules. As one can see, there is a tendency for the observed luminosity in the line under consideration to increase with an increase in the amount of turbulent energy transferred in the cascade process.
	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Observed [CII] 158 μm luminosities (erg s−1) versus calculated turbulent energy rates (erg s−1) for galaxies with CII sizes of 1 kpc and concentration nH = 100 cm−3.



	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Same as Fig. 3, but for all galaxies in the sample.



Also noticeable in such diagrams (see Fig. 4) are the different behaviors of the SB and AGN galaxies, which is not surprising since it has been repeatedly reported that different degrees of excitation of various atoms, ions, and molecules depend on the conditions of the ISM, which are different in SB and AGN galaxies (Izumi et al. 2016). They are known as SB- and AGN-dominated galaxies, and the precise reasons for the observed difference are difficult to determine, though we may cautiously suggest a physical basis for the distinction. Turbulent motion, which likely dominates in SB galaxies, offers more degrees of freedom for energy dissipation compared to the more ordered motion associated with a velocity gradient, which may be more typical for AGN. Disentangling these effects will require extensive modeling efforts, including detailed ionization calculations that account for various ionization sources, the presence of dust, differences in the chemical abundances of elements and molecules, and the influence of magnetic fields. Furthermore, observations with a spatial resolution of parsecs or less are necessary to empirically distinguish between turbulent motion and flows with distinct velocity gradients.
Figure 5 displays the dependence of the observed luminosity of the 158 μm [CII] line on the degree of turbulent energy injection. In connection with Fig. 5, the following important circumstances should also be emphasized: A key feature of this plot is the distinct behavior of SB galaxies compared to AGN galaxies. This difference can be interpreted through the lens of classical turbulence theory (Kolmogorov cascade). Since the [CII] fine-structure line is excited by collisions with electrons, protons, hydrogen atoms, and molecules, theory implies that higher turbulence velocities should lead to increased energy dissipation and, consequently, higher emission in cooling lines such as [CII]. The SB galaxies are characterized by intense star formation, which drives high isotropic turbulence via supernova explosions and stellar winds. This results in high turbulence velocities (u) and a larger energy dissipation rate (u3/r), thereby increasing the energy available to excite the [CII] line. Conversely, AGN galaxies are dominated by central accretion activity, which induces shear flows rather than isotropic turbulence. Despite the presence of strong velocity gradients, shear flows in AGN may possess lower effective turbulence velocities or utilize different dissipation mechanisms, resulting in lower u3/r values compared to SB environments. The observed trends reveal interesting nuances. The shallower slope in SB galaxies suggests a nonlinear or less direct correlation between turbulent energy and emission, likely because other physical parameters–such as gas density, radiation field strength, or geometry–dominate the regulation of luminosity (Herrera-Camus et al. 2018). In contrast, the steeper slope in AGN indicates a more direct proportionality between turbulence energy input and [CII] luminosity, suggesting that confounding factors are less dominant. However, SB galaxies display a higher absolute luminosity despite this flatter slope. This points to supplementary heating mechanisms in SB regions (e.g., cosmic rays, UV radiation from massive stars, or shocks unrelated to turbulence) that augment [CII] emission beyond predictions based on turbulence alone. These results demonstrate that the enhancement of [CII] emission in large-scale turbulent, collisional environments is a critical factor for interpretation. (See also Herrera-Camus et al. 2015, 2018; Kaufman et al. 1999; Appleton et al. 2013; Fadda et al. 2023).
	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Luminosities of L(CII) versus E(turb) for different types of galaxies. Here, the different behavior of SB and AGN galaxies is evident. SB galaxies have a greater potential for dissipating turbulent energy, and therefore, the calculated luminosities tend to dominate those of AGN. The shallower slope in SB galaxies suggests a nonlinear or less direct correlation between turbulent energy and emission, likely because other physical parameters – such as gas density, radiation field strength, or geometry – dominate the regulation of luminosity. The slope of the dependence for AGN, on the other hand, is steeper, indicating a more direct proportionality between turbulence energy input and [CII] luminosity, suggesting that confounding factors are less dominant.



Regarding the problem of the magnitude of turbulent velocity being on the order of the 600 km s−1, which we attribute in this work to the observed velocities, one can say that according to observations, typical turbulent velocity dispersions in SB molecular gas are 25–150 km s−1, and the highest values are observed in cases of high-velocity dispersion-disk SB galaxies with z ∼ 2, which also correlate with star formation rates (Green et al. 2010). The greater turbulence velocities in our sample may be driven by supernovae (Lacki 2013). To avoid misunderstandings, we also compared the results for galaxy samples with an upper velocity limit of 600 km s−1 (Fig. 5). It can be seen that the same trend is observed, that is, an increase in luminosity in the [CII] line occurs with an increase in the amount of turbulent energy transferred in the cascade process. Therefore, we think that all observed velocities are a combination of rotation, outflowing gas, and turbulence (Guillard et al. 2015) and that it is exactly the turbulence that is responsible for dissipation. Thus, excitation of turbulence with velocities of the order of rotation velocity should be inevitable because of differential rotation causing, for example, Kelvin-Helmholtz instability.
5. Conclusion
This paper is devoted to the influence of turbulent motions in the radiating medium of active galaxies on the widths of spectral lines. We considered the possibility of the redistribution of the turbulent energy of the ISM of active galaxies, excited by the activity of the nucleus (in the case of AGN) and by supernovae and stellar winds (in the case of SB galaxies), according to Kolmogorov’s theory. Turbulence in this environment is confirmed by the large value of the Reynolds number, about 1010. The medium is excited by large vortices, the scale of which is comparable to the characteristic size of the system. Further, the energy of these vortices is transformed into vortices of smaller scales, including down to vortices corresponding to the energy dissipation in vortices of the smallest size, with radii on the order of the mean free path of particles of the medium (about 1012 cm at the typical concentration of the ISM of active galaxies of about 100 cm−3). The energy is then radiated away. Quantitatively, this measure is determined by the cube of the velocity divided by the size of the radiating medium, which is supported by observations of galaxies in the CII 158 μm line. Moreover, the luminosity of galaxies in this line (about 1040 − 1042 erg s−1) is proportional to the amount of turbulent energy transferred in the Kolmogorov cascade process down to smaller vortices (Ėturb ≈ k(1040−1045) erg s−1 for such galaxies, where k is less than 1). Turbulence can be generated by many sources and even by a combination of them, but in this case of high turbulent speeds, it is most likely generated by the expansion of superbubbles and supernovae flows. AGN-driven galactic flows may also contribute (Norman & Ferrara 1996; Korpi et al. 1999; Dib et al. 2006; Joung & Mac Low 2006; Joung et al. 2009) because such flows all have a velocity gradient and should broaden the line profiles.
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Appendix A:  [C II] luminosities and turbulent energies
Table A.1. 
Observed L(CII) luminosities and calculated turbulent energies transferred down in the cascade processes.
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	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Luminosities of L(CII) versus E(turb) for different types of galaxies. Here, the different behavior of SB and AGN galaxies is evident. SB galaxies have a greater potential for dissipating turbulent energy, and therefore, the calculated luminosities tend to dominate those of AGN. The shallower slope in SB galaxies suggests a nonlinear or less direct correlation between turbulent energy and emission, likely because other physical parameters – such as gas density, radiation field strength, or geometry – dominate the regulation of luminosity. The slope of the dependence for AGN, on the other hand, is steeper, indicating a more direct proportionality between turbulence energy input and [CII] luminosity, suggesting that confounding factors are less dominant.
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	No
	APJS order(a)
	Object Name
	ut(b)
	LCII × 1042(c)
	Eturb × 1045(d)
	|
	No
	APJS order(a)
	Object Name
	ut(b)
	LCII × 1042(c)
	Eturb × 1045(d)



	
	
	
	km s−1
	erg s−1
	erg s−1
	|
	
	
	
	km s−1
	erg s−1
	erg s−1





	1
	1
	Mrk0334
	249
	0.3
	0.66818
	|
	80
	108
	IRAS 06035-7102
	236
	1.52
	5.35301



	2
	2
	NGC0023
	386
	0.35
	2.18597
	|
	81
	109
	IRASF06076-2139
	142
	0.19
	0.00747



	3
	3
	NGC34 / mkn938
	364
	0.26
	0.09772
	|
	82
	110
	UGC03410b
	112
	0.06
	0.05118



	4
	4
	MCG-02-01-051/2
	197
	0.67
	0.65597
	|
	83
	111
	UGC03410a
	182
	0.21
	0.22448



	5
	5
	IRAS 00188-0856
	310
	0.7
	69.756
	|
	84
	112
	Mkn 3
	332
	0.05
	0.49805



	6
	6
	IRAS00199-7426
	269
	1.79
	10.04884
	|
	85
	113
	NGC2146-nuc
	143
	0.02
	0.01379



	7
	7
	Haro 11
	157
	0.26
	0.21809
	|
	86
	114
	IRAS 06206-6315
	385
	0.82
	51.0548



	8
	9
	E12-G21
	333
	0.53
	2.60417
	|
	87
	117
	ESO255-IG007b
	220
	0.35
	2.92711



	9
	11
	NGC0232a
	449
	0.65
	2.47663
	|
	88
	118
	ESO557-G002b
	157
	0.01
	0.12938



	10
	12
	NGC0232b/ NGC 0232 E
	499
	0.03
	0.59418
	|
	89
	119
	ESO557-G002a
	67
	0.19
	0.01504



	11
	13
	NGC253
	67
	0
	0.00004
	|
	90
	121
	NGC2273
	276
	0.03
	0.09651



	12
	17
	NGC0317B
	399
	0.27
	0.96645
	|
	91
	122
	UGC03608
	149
	0.37
	0.11437



	13
	20
	3C31
	699
	0.02
	2.5765
	|
	92
	123
	IRASF06592-6313
	299
	0.14
	0.74099



	14
	22
	MCG-03-04-014
	347
	1.56
	3.3377
	|
	93
	124
	IRASF07027-6011a
	161
	0.22
	0.13262



	15
	25
	CGCG436-030
	220
	0.96
	1.19924
	|
	94
	126
	NGC2342a
	247
	0.18
	0.55064



	16
	26
	ESO353-G020
	396
	0.37
	3.42614
	|
	95
	127
	IRAS07251-0248
	331
	0.96
	22.90905



	17
	27
	ngc625-1-1
	100
	0
	0.00016
	|
	96
	128
	NGC2388a
	203
	0.28
	0.16501



	18
	28
	ESO297-G011b
	140
	0.21
	0.03728
	|
	97
	129
	MCG+02-20-003
	209
	0.22
	0.35033



	19
	30
	IRASF01364-1042
	384
	0.36
	4.83637
	|
	98
	130
	Mrk0009
	100
	0.15
	0.02252



	20
	32
	NGC0695
	181
	1.46
	0.27637
	|
	99
	132
	Mrk0622
	148
	0.05
	0.02608



	21
	33
	UGC01385
	49
	0.18
	0.00328
	|
	100
	134
	IRAS 08311-2459
	244
	2.71
	19.25673



	22
	34
	Mrk 1014
	226
	0.96
	19.68594
	|
	101
	136
	he 2-10
	60
	0.01
	0.00004



	23
	35
	NGC0788
	152
	0.01
	0.04841
	|
	102
	137
	IRAS08355-4944
	91
	0.82
	0.01006



	24
	37
	NGC0838c/NGC0835
	345
	0.19
	0.5685
	|
	103
	138
	NGC2623
	344
	0.21
	0.44928



	25
	38
	NGC0838a
	205
	0.37
	0.12726
	|
	104
	139
	ESO432-IG006b
	325
	0.01
	2.07707



	26
	39
	NGC0838b/NGC 0838 S
	173
	0.17
	0.14452
	|
	105
	143
	Mrk0018
	236
	0.07
	0.21474



	27
	40
	NGC0828
	425
	0.8
	1.27851
	|
	106
	144
	IRAS09022-3615
	343
	0.68
	6.0048



	28
	42
	Mrk0590
	218
	0.05
	0.18812
	|
	107
	146
	MCG-01-24-012
	268
	0.03
	0.04052



	29
	43
	NGC0877b/NGC0876
	118
	0.02
	0.05782
	|
	108
	147
	Mrk0705
	285
	0.09
	0.10071



	30
	44
	NGC0877a
	100
	0.07
	0.0199
	|
	109
	149
	UGC5101
	498
	0.92
	21.40844



	31
	45
	MCG+05-06-36b
	246
	0.02
	1.44682
	|
	110
	150
	IC0563
	225
	0.24
	0.90882



	32
	46
	MCG+05-06-36a
	523
	0.76
	17.75462
	|
	111
	152
	NGC3079
	452
	0.06
	0.44975



	33
	47
	UGC01845
	400
	0.37
	1.98688
	|
	112
	153
	Mrk25
	100
	0.02
	0.00273



	34
	48
	NGC0958
	250
	0.12
	0.99292
	|
	113
	154
	NGC3110a
	280
	0.45
	0.83898



	35
	49
	IC1816
	125
	0.04
	0.02575
	|
	114
	155
	3C236
	491
	0.15
	93.05196



	36
	50
	NGC0973
	300
	0.04
	1.59529
	|
	115
	157
	IRASF10173+0828
	294
	0.08
	8.26239



	37
	51
	NGC0992
	240
	0.33
	0.45956
	|
	116
	159
	NGC3227
	290
	0
	0.11416



	38
	52
	NGC1068
	200
	0
	0.00344
	|
	117
	160
	IRAS 10378+1109
	373
	0.76
	97.36312



	39
	53
	ngc1068-1
	204
	0.02
	0.00365
	|
	118
	161
	ESO264-G036
	271
	0.28
	1.17193



	40
	54
	ngc1068-1
	204
	0.02
	0.00365
	|
	119
	162
	Haro 3
	100
	0.01
	0.00233



	41
	55
	NGC1056
	187
	0.04
	0.02652
	|
	120
	163
	NGC3393
	171
	0.03
	0.06561



	42
	56
	NGC1056
	68
	0.02
	0.00128
	|
	121
	165
	ESO264-G057
	142
	0.17
	0.09372



	43
	57
	UGC02238
	342
	0.78
	2.8448
	|
	122
	166
	IRAS 10565+2448
	139
	1.18
	0.04579



	44
	60
	ngc 1140-1
	100
	0.01
	0.00297
	|
	123
	167
	NGC3489
	152
	0
	0.00246



	45
	61
	Mrk1066
	202
	0.13
	0.2338
	|
	124
	169
	NGC3516
	86
	0.01
	0.00955



	46
	62
	NGC1222
	67
	0.1
	0.00055
	|
	125
	172
	CGCG011-076
	198
	0.38
	0.44756



	47
	63
	UGC02608
	260
	0.44
	1.64474
	|
	126
	173
	IC2810a
	229
	0.17
	2.81135



	48
	65
	NGC1275
	280
	0.02
	0.28793
	|
	127
	174
	ESO319-G022
	171
	0.06
	0.14867



	49
	66
	NGC1275
	287
	0.05
	0.30858
	|
	128
	177
	NGC3690
	151
	0.2
	0.01038



	50
	67
	IRASF03217+4022
	349
	0.33
	2.88705
	|
	129
	179
	NGC 3783
	59
	0.01
	0.00324



	51
	68
	Mrk0609
	100
	0.57
	0.01118
	|
	130
	180
	UM 448
	145
	0.22
	0.07727



	52
	69
	NGC1365
	289
	0.01
	0.03266
	|
	131
	182
	UM 461
	120
	0
	0.00529



	53
	70
	NGC1386
	142
	0
	0.00799
	|
	132
	183
	NGC3982
	79
	0.01
	0.00036



	54
	74
	CGCG465-012b
	134
	0.03
	0.13048
	|
	133
	186
	NGC 4051
	66
	0
	0.00051



	55
	75
	CGCG465-012a
	100
	0.38
	0.00723
	|
	134
	187
	NGC4051
	50
	0
	0.00022



	56
	80
	UGC02982
	285
	0.61
	1.262
	|
	135
	189
	UGC07064
	100
	0.11
	0.01253



	57
	82
	ESO420-G013
	57
	0.19
	0.00015
	|
	136
	191
	IRAS 12071-0444
	251
	1.21
	16.64883



	58
	83
	NGC1572
	366
	0.33
	4.35063
	|
	137
	192
	NGC 4151
	196
	0
	0.0043



	59
	84
	IRAS04271+3849
	369
	0.35
	3.04332
	|
	138
	193
	NGC4150
	149
	0
	0.00309



	60
	85
	3C120
	289
	0.12
	3.08422
	|
	139
	195
	ESO267-G030b
	200
	0.2
	0.48723



	61
	86
	NGC1614
	245
	0.05
	0.49004
	|
	140
	196
	NGC4194
	194
	0.19
	0.06302



	62
	87
	UGC03094
	339
	0.75
	5.05533
	|
	141
	197
	ESO267-G030a
	355
	0.47
	1.62765



	63
	89
	MCG-05-12-006
	198
	0.13
	0.34979
	|
	142
	198
	IRAS12116-5615
	67
	0.54
	0.00118



	64
	90
	NGC1808
	267
	0.03
	0.01976
	|
	143
	200
	IRASF12224-0624
	208
	0.03
	0.68392



	65
	91
	NGC1808
	267
	0.03
	0.01976
	|
	144
	201
	NGC4388
	208
	0.02
	0.04446



	66
	92
	NGC1797
	256
	0.23
	0.4504
	|
	145
	203
	ngc4418-1
	93
	0
	0.00441



	67
	93
	CGCG468-002b
	360
	0.06
	1.39543
	|
	146
	204
	NGC4418
	109
	0
	0.00711



	68
	94
	CGCG468-002a
	202
	0.14
	0.27321
	|
	147
	205
	NGC7314
	100
	0
	0.00374



	69
	95
	IRAS05083+2441
	262
	0.61
	1.43371
	|
	148
	206
	NGC4941
	156
	0
	0.00733



	70
	96
	Ark120
	297
	0.08
	0.71548
	|
	149
	209
	NGC4507
	287
	0.05
	0.10994



	71
	97
	VIIZw31
	113
	1.16
	0.05756
	|
	150
	210
	NGC 4593
	247
	0.01
	0.15483



	72
	98
	IRAS05129+5128
	133
	0.62
	0.14384
	|
	151
	211
	TOLOLO1238-364
	100
	0.05
	0.00327



	73
	99
	IRAS05189-2524
	181
	0.24
	0.33091
	|
	152
	213
	PG1244+026
	100
	0.03
	0.0577



	74
	100
	IRASF05187-1017
	348
	0.01
	4.45213
	|
	153
	215
	Mkn 231
	153
	0.62
	0.25552



	75
	103
	MCG+08-11-002
	458
	0.49
	3.14055
	|
	154
	219
	ESO507-G070
	500
	0.44
	10.50837



	76
	104
	NGC1961
	280
	0.04
	0.37872
	|
	155
	220
	NGC4459
	362
	0
	0.03889



	77
	105
	UGC03351
	276
	0.33
	1.03734
	|
	156
	221
	ESO323-G077
	400
	0.2
	0.23592



	78
	106
	IRAS05442+1732
	249
	0.44
	0.8033
	|
	157
	222
	IRAS13052-5711
	399
	0.3
	2.45625



	79
	107
	2MASXJ05580206-3820043
	100
	0.01
	0.09229
	|
	158
	223
	IC0860
	218
	0.02
	0.23338



	159
	224
	IRAS 13120-5453
	340
	1.36
	0.54358
	|
	214
	314
	IRAS18090+0130a
	408
	0.98
	2.16181



	160
	227
	Arp193
	391
	0.9
	4.49832
	|
	215
	315
	NGC6621
	299
	0.38
	2.34634



	161
	228
	NGC5104
	495
	0.33
	7.89868
	|
	216
	319
	IRAS F18293-3413
	287
	0.03
	1.04178



	162
	230
	Cen A
	122
	0
	0.00004
	|
	217
	320
	NGC6670Ab
	249
	0.05
	2.72381



	163
	231
	NGC5135
	57
	0.03
	0.0057
	|
	218
	321
	NGC6670Aa
	121
	0.42
	0.3168



	164
	232
	ESO 173-G015
	183
	0
	0.13079
	|
	219
	322
	F18325-5926
	450
	0.01
	1.93544



	165
	234
	IC4280
	231
	0.25
	0.15003
	|
	220
	323
	ESO103-G035
	123
	0
	0.05869



	166
	235
	M-6-30-15
	106
	0
	0.01291
	|
	221
	324
	IC4734
	201
	0.17
	0.28603



	167
	236
	IRAS13342+3932
	375
	2.25
	46.24114
	|
	222
	326
	NGC6701
	100
	0.11
	0.02679



	168
	240
	NGC5257a
	215
	0.25
	0.77398
	|
	223
	327
	ESO140-G043
	151
	0.03
	0.13902



	169
	241
	NGC5257b
	261
	0.22
	1.81668
	|
	224
	328
	1H1836-786
	289
	0.15
	14.79268



	170
	242
	Mkn273
	496
	1.03
	22.02774
	|
	225
	329
	NGC6786b
	180
	0.04
	0.27003



	171
	243
	IRAS 13451+1232
	470
	0.8
	81.54393
	|
	226
	332
	ESO141-G055
	100
	0.1
	0.01953



	172
	244
	UGC08739
	330
	0.18
	2.08726
	|
	227
	336
	ESO339-G011
	350
	0.28
	2.39964



	173
	245
	IC4329A
	450
	0.03
	4.85505
	|
	228
	338
	NGC6860
	301
	0.03
	0.66695



	174
	246
	ESO221-IG010
	146
	0.13
	0.03907
	|
	229
	339
	IRAS 20087-0308
	555
	2.42
	31.46071



	175
	249
	NGC5347
	100
	0
	0.00607
	|
	230
	340
	IRAS 20100-4156
	216
	2.06
	18.87918



	176
	251
	NGC5394
	100
	0.1
	0.01023
	|
	231
	341
	NGC6907a
	270
	0.12
	0.27308



	177
	254
	OQ208
	474
	0.47
	32.81328
	|
	232
	342
	MCG+04-48-002a
	309
	0.43
	1.14131



	178
	255
	Circinus Galaxy
	156
	0
	0.00073
	|
	233
	343
	NGC6926a
	97
	0.12
	0.0723



	179
	256
	NGC 5506
	241
	0.02
	0.10417
	|
	234
	344
	IRAS20351+2521
	232
	0.8
	1.04357



	180
	258
	NGC5548
	100
	0.03
	0.0029
	|
	235
	345
	MRK509
	399
	0.4
	3.86239



	181
	260
	pg1426+015
	287
	0.13
	14.57689
	|
	236
	347
	IC5063-1
	396
	0.04
	0.11565



	182
	261
	NGC5653
	120
	0.17
	0.00356
	|
	237
	349
	IRAS20551-4250
	177
	0.86
	0.78918



	183
	265
	NGC5728
	351
	0.04
	0.45527
	|
	238
	350
	ESO286-G035
	250
	0.43
	0.99655



	184
	266
	NGC5734a
	105
	0.02
	0.01821
	|
	239
	351
	IRAS21101+5810
	194
	0.23
	1.42725



	185
	267
	NGC5734b/NGC5734S
	141
	0.17
	0.10489
	|
	240
	353
	NGC7130
	100
	0.25
	0.00696



	186
	268
	3C305
	802
	0.21
	88.41163
	|
	241
	354
	NGC7172
	199
	0.03
	0.09079



	187
	269
	VV340b
	100
	0.27
	0.05513
	|
	242
	355
	FSC22017+0319
	95
	0.41
	0.0768



	188
	270
	VV340a
	264
	1.08
	4.38238
	|
	243
	357
	ESO467-G027
	287
	0.27
	1.29115



	189
	272
	NGC5793
	401
	0.12
	1.60943
	|
	244
	359
	ESO602-G025
	393
	0.61
	5.56291



	190
	273
	NGC5813
	227
	0
	0.03718
	|
	245
	360
	NGC4435
	402
	0
	0.10607



	191
	274
	IRAS15001+1433
	378
	1.92
	175.31016
	|
	246
	361
	UGC12138
	100
	0.05
	0.06905



	192
	275
	NGC5846
	449
	0
	0.02865
	|
	247
	362
	UGC12150
	399
	0.39
	3.29296



	193
	278
	ESO099-G004
	279
	0.94
	3.41372
	|
	248
	363
	ESO239-IG002
	295
	0.32
	0.65936



	194
	279
	IRAS15250+3609
	239
	0.37
	0.7766
	|
	249
	365
	NGC 7469
	200
	0.52
	0.18662



	195
	280
	NGC5936
	100
	0.17
	0.01235
	|
	250
	366
	Zw453.062
	248
	0.4
	1.42161



	196
	282
	NGC5990
	214
	0.17
	0.09439
	|
	251
	369
	IRAS23128-5919
	178
	0.26
	1.68279



	197
	286
	IRAS16052+5334
	636
	3.26
	278.88977
	|
	252
	370
	IC5298
	252
	0.33
	1.12962



	198
	289
	Mrk0876
	384
	0.67
	23.79003
	|
	253
	371
	NGC7591
	323
	0.14
	1.01813



	199
	290
	IRASF16164-0746
	374
	0.11
	3.93423
	|
	254
	373
	NGC7582
	313
	0.07
	0.17463



	200
	291
	Mrk0883
	296
	0.28
	0.73521
	|
	255
	374
	NGC7582
	307
	0.04
	0.16477



	201
	292
	CGCG052-037
	198
	0.58
	0.58754
	|
	256
	375
	NGC7603
	398
	0.17
	4.72748



	202
	294
	NGC6156
	146
	0.07
	0.04524
	|
	257
	378
	IRAS 23230-6926
	285
	1.27
	20.56043



	203
	297
	ESO453-G005
	53
	0.15
	0.00633
	|
	258
	379
	NGC7674
	197
	0.36
	0.12648



	204
	298
	NGC6240
	561
	1.92
	16.98672
	|
	259
	380
	IRAS 23253-5415
	410
	1.79
	153.77257



	205
	299
	IRASF16516-0948
	215
	0.57
	0.76406
	|
	260
	381
	NGC7679a
	106
	0.44
	0.00715



	206
	300
	NGC6286b/6285
	300
	0.2
	1.67787
	|
	261
	383
	IRAS23365+3604
	174
	0.8
	0.76615



	207
	301
	NGC6286a
	286
	0.48
	1.78871
	|
	262
	384
	MCG -01-60-022
	299
	0.47
	2.33985



	208
	308
	IRAS17208-0014
	480
	1.75
	10.09743
	|
	263
	385
	IRAS23436+5257
	185
	0.26
	0.73686



	209
	309
	ESO138-G027
	46
	0.36
	0.00224
	|
	264
	386
	NGC7752b
	115
	0.08
	0.06713



	210
	310
	UGC11041
	341
	0.35
	0.94596
	|
	265
	387
	NGC7752a
	235
	0.03
	0.23376



	211
	311
	CGCG141-034
	450
	0.25
	4.8734
	|
	266
	388
	CGCG381-051
	196
	0.13
	1.38791



	212
	312
	IRAS17578-0400
	214
	0.21
	0.37915
	|
	267
	389
	NGC7771c
	272
	0.06
	0.1603



	213
	313
	IRAS18090+0130b
	252
	0.14
	1.2793
	|
	268
	390
	Mrk331
	334
	0.62
	1.26047





      

      
Notes. (a) Numbering of the objects as in https://cassis.sirtf.com/herschel and Samsonyan et al. (2016)(b) CII velocities obtained from Herschel PACS profiles (c) Observed values of luminosities calculated from line fluxes from profiles Samsonyan et al. (2016)(d) Calculated rates of turbulent energy.
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