On Some Properties of the Halo of Disk-Shaped Galaxies
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Abstract. This paper presents the results of a statistical analysis of a sample of 101 spiral galaxies with known halo and disk physical parameters. A correlation analysis between the halo and disk parameters was conducted, and a number of empirical relationships were found, along with corresponding graphs and histograms. In particular, an empirical relationship was obtained between the dispersion of particle velocities in the halo and its mass, as well as the total stellar mass. Furthermore, a relationship was found between the total stellar mass and the mass of the dark matter halo. We classify galactic halos into three classes based on the ratio of the halo mass to the total stellar mass.
INTRODUCTION
The halo of disk galaxies is spherical and extends beyond the visible part of the galaxy. It consists primarily of tenuous hot gas, stars, and dark matter, which makes up the bulk of the galaxy's mass. It should be noted that the dark matter (DM) halo extends throughout the galaxy, extending far beyond its visible components. The mass of the DM halo significantly exceeds the mass of other galactic components. Its existence is proposed to explain the gravitational potential that determines the dynamics of bodies within galaxies. The nature of the DM halo is an important area of ​​research in modern cosmology, particularly its connection to the formation and evolution of galaxies [1-3].
García-Díaz et al. studied the properties and data from the 3.6μm S4G Spitzer Survey of disk galaxies [4,5]. They estimated the halo mass to total stellar mass ratio (Mh/M*) inside the optical disk and compared it with the total stellar mass (M*). It turned out that, on average, the amount of DM in the optical disk is ~4% of its total halo mass. The metallicity distribution of giant stars as a function of the altitude above the galactic plane (z) in the range 5<z≤15 kpc can be described by a three-humped Gaussian model with peaks at [Fe/H]∼-0.6 ± 0.1, -1.2 ± 0.3 and -2.0 ± 0.2, which corresponds to a ratio of 19%, 74% and 7%, respectively. [α/Fe] is needed to associate these three peaks with the components of the thick disk, inner halo, and outer halo of the Galaxy [6,7]. The metallicity distribution of these giant stars, consistent with the three-component Gaussian model, shows an increasing proportion of inner halo components and a decreasing proportion of thick disk components with increasing distance from the galactic plane. In particular, edge-on galaxies were modeled [8,9]. They obtained estimates of the parameters of stellar disks, dark halos, and bulges. The lower limit of the dark-to-light mass ratio of galaxies is of the order of unity within their stellar disks. They found that dark halos predominate by mass in galaxies with very thin stellar disks. Spiral galaxies are known to be highly diverse and differ from each other not only in their appearance but also in their internal physical characteristics. A number of spiral galaxy catalogs exist that collect key parameters, such as radial and tangential velocities, stellar magnitudes, redshifts, stellar masses, etc. [10-20]. It should be noted that, to date, no catalog has been compiled that would contain parameters related solely to their disks and halos. Based on this, we have compiled a consolidated catalog of 101 disk galaxies, which contains the physical parameters of their halos and disks [21, (appendix)]. The selection was carried out in such a way as to cover as many physical parameters of both the galactic halo and disk as possible. Observational data were obtained from various sources. For example, data such as the total stellar mass of the galaxy, the optical radius of the halo and galaxy, the dispersion of particle velocities in the halo, and the ratio of the halo mass to the total mass of the galaxies were obtained from [4, 5]. Data related to the dark-mass halos were obtained from a study studying the surface density of the dark-mass halos [22]. Data regarding the disks of spiral galaxies were found in studies that used photometry of disk galaxies to determine the disk mass distribution model [23]. In addition, a variety of sources was studied in search of physical parameters of the halo. For example, measurements of X-ray emission from the galactic halo for 110 XMM-Newton survey lines are presented. The temperature is uniform at around 0.63-2.22×106 K, and the intrinsic surface brightness varies from ~0.5-7×10-12 erg/cm2 s deg-2. Also, all CGM-MASS galaxies have diffuse X-ray emission from hot gas detected above the background, extending out to ~(30-100) kpc from the galactic center. The ratio of radiative cooling to free-fall times of hot gas far exceeds the critical value of ~10 throughout the halos of all CGM-MASS galaxies, indicating inefficient gas cooling and precipitation in the CGM. Thus, the hot CGM in massive spiral galaxies is most likely in a hydrostatic state, where feedback material mixes with the CGM rather than escaping from the halo or falling back onto the disk. Measured temperatures, luminosities, and spatial distributions of the gas can be used to constrain models of the dominant halo heating sources [24, 25]. A strong correlation was also found between Hα and UV radiation; the scale height in Hα is ~0.74. This may indicate a multiphase nature of diffuse ionized gas and dust in galactic halos. Scale heights in non-planar Hα ejections correlate well with the surface density of star formation rates in galaxies [26]. An estimate of the halo mass, possible correlations associated with it, and the statistical error in the estimate are presented in [27–33].
RESULTS OF QUANTITATIVE ANALYSIS
The catalog we compiled contains the following data [20]: 1. Galaxy name (galaxy designation). 2. Galaxy coordinates. 3. Galaxy morphological type according to the Vaucouleurs classification. 4. Distance to the galaxy. 5. Total stellar mass of the galaxy M*. 6. Halo optical radius Rh. 7. Halo particle velocity dispersion Vh. 8. Halo mass to total stellar mass ratio Mh/M*. 9. Effective disk radius Rd. 10. Disk surface brightness SBd. 11. Disk angular velocity Vd. 12. Dark matter halo surface density μDM. 13. Dark matter halo Newtonian acceleration log gDM. 14. Dark matter halo mass within the optical radius log MDM. Analysis of this catalog shows that distances to galaxies range from 3 to 65 Mpc. The total stellar mass of galaxies varies in the range of (2.41×107 ÷ 1.68×1011) Mcs. The halo radius extends from 1.023 kpc to 49.132 kpc. The HI velocity dispersion in the halo varies from 43.565 to 635.412 km/s. However, the halo mass to total stellar mass ratio varies in an even wider range: from 0.129 to 67.232. The disk radii can be from 0.6 to 10.71 kpc. In addition, the disk plane rotation velocities vary from 34.5 km/s to 293.6 km/s. The halo surface density of dark matter occupies the range from log μ ~1.46 to log μ ~3.0 Mcs/pc2. The average Newtonian acceleration of a DM halo is log g ~ -8.3 cm/s2. The average DM halo mass is also log Mh ~ 10.33 MSol. The catalog contains barless spiral galaxies (62%), transitional spiral galaxies (24%), and spiral galaxies with very pronounced bars (14%). It should be noted that low-mass halos are most common in this catalog. The histogram (Fig. 1) shows that 49 galaxies have a halo mass to total stellar mass ratio of Mh\M* = 0-3, while the remaining galaxies have Mh\M* = 4-10. Several galaxies also have very high halo masses, Mh\M* ~ 100.
[image: ]
FIGURE 1. Quantitative estimate of the halo mass to total stellar mass ratio.
HALO CLASSIFICATION BY MASS
Based on the above results, we decided to classify halos by their mass. The histogram in Fig. 1 shows that   moderately massive, semi-massive, massive, and supermassive (see Table 1).
TABLE 1. Halo Classification
	CLASS NAMES
	NUMBER OF GALAXIES
	Mh/M∗
	AVERAGE HALO OUTER RADIUS (kpc)
	MOST CHARACTERISTIC GALAXY TYPE

	I Low-mass 
	19
	≤1
	30
	SO, SAB

	II-Moderately massive 
	16
	1÷2
	50
	SAB

	III-Semi-massive 
	14
	2÷3
	45
	SA

	IV-Massive 
	9
	3÷6
	15
	SA, SB

	V-Supermassive 
	11
	6 <
	10
	SB


 
In our catalog, 28% of disk galaxies have low-mass halos, 23% moderately massive, 20% semi-massive, 13% massive, and 16% supermassive. The first class includes halos with masses less than or approximately equal to the total stellar mass in the galaxy (Mh/M*≤1). These galaxies also include lenticular galaxies and barless galaxies with varying degrees of spiral arm-twisting. The next class (moderately massive) has halos for which Mh/M*=1÷2 and an average outer halo radius of approximately 50 kpc. In the third class (Table 2), the halo mass is correspondingly greater than the total mass of the stars by a factor of 2 or more. These galaxies most often include galaxies with pronounced bars. The table also shows that semi-massive halos are found in the SB, Sa, Sb, Sc, and Sm morphological types (Table 2.1). Furthermore, the average outer radius of semi-massive halos varies around 45 kpc. In the following classes (massive and supermassive), the halo radius varies from 15 kpc to 10 kpc, indicating that denser rather than more voluminous halos are found among massive galaxies. Massive halos are also more common in galaxies without bars and twisted spiral arms.
STATISTICAL ANALYSIS RESULTS
We have conducted a statistical analysis of the observed disk and halo parameters of spiral galaxies. Correlation coefficients are presented as empirical relationships between various disk and halo parameters (Table 2).
TABLE 2. Correlation coefficients between various disk and halo parameters
	corr. coeff
	Rh
	Rd
	Vh
	Mh
	lgMdm

	M*
	0,82
	0,67
	0,85
	0,79
	0,70

	Mh
	 0,74
	 
	0,82
	 
	 

	Vh
	0,79
	 
	 
	 
	 0,72

	M_GC
	0,66
	 
	 
	 
	 


 
An empirical relationship was found between the total stellar mass and the disk radius, with a correlation coefficient of cc = 0.72. This relationship is linear (Fig. 2), and the corresponding formula is (1)

                                               (1)
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	FIGURE 2. Relationship between disk radius and total stellar mass


A relationship was also found between the total stellar mass and the halo radius, with a correlation coefficient of cc = 0.82. This relationship (2) also has a linear form (Fig. 3), where the halo radius increases with increasing total stellar mass (apparently due to an influx of gas and clouds into the halo):
                                           (2)

	

	FIGURE 3. Relationship between halo radius and total stellar mass



A linear relationship (3) was also obtained between the halo mass and the velocity dispersion of particles in the halo (Fig. 4). As the halo mass increases, the velocity dispersion of halo particles also increases, and the correlation is quite good, cc=0.81:
                                            (3)

	

	FIGURE 4. The Relationship between the Halo Mass and the Velocity Dispersion in It



Similarly, to the above, as the mass of stars in galaxies increases, the velocity dispersion of particles in the halo increases (Fig. 5). The correlation coefficient is quite high, cc = 0.85 and the corresponding statistical relationship is (4):
                                             (4) 
	

	FIGURE 5. Relationship between the Total Mass of Stars in a Galaxy and the Velocity Dispersions of Halo Components



Next, we found a relationship (5) between the halo mass and the mass of stars in galaxies (Fig. 6), but the correlation coefficient is cc = 0.79:

                                                   (5)

	

	FIGURE 6. Relationship between the Mass of Shared Stars in a Galaxy and the Halo Mass



The following relationship was obtained between the mass of shared stars and the halo mass of the dark matter. The graph shows that increasing the mass of shared stars affects the halo mass of the dark matter (Fig. 7). The correlation coefficient is cc = 0.7 and the empirical formula is (6)
                                          (6)
	

	FIGURE 7. Relationship between the Total Mass of Stars in a Galaxy and the Halo Mass of the Dark Matter



We also obtained a relationship between the halo radius and the particle velocity dispersion within it. It was previously found [32] that the outer halo of the Galaxy rotates counterclockwise (relative to the disk component) at a velocity of approximately 80 km/s, with velocity dispersions in a spherical coordinate system originating at the center of the Galaxy being (178, 149, 127) km/s. The inner halo barely rotates and has velocity dispersions slightly smaller: (160, 102, and 83) km/s. From the graph we constructed in Fig. 8, we can also conclude that the velocity is lower near the center of the Galaxy than in its vicinity. In this case, the correlation coefficient was cc = 0.78 and the corresponding relationship took the form (7):
                                            (7)
	

	FIGURE 8. Relationship between the Halo Radius and the Velocity Dispersion of Halo Components



Next, we found the relationship (8) between the DM halo mass and the velocity dispersion of particles in the halo with a correlation coefficient of cc = 0.77. Here, the relationship is exponential (Fig. 9):
       	            	                              (8)

	

	FIGURE 9. Relationship between the DM halo mass and the velocity dispersion of components in the halo

	

	 

	FIGURE 10. Relationship between the halo mass DM and the disk surface density



We also found a logarithmic relationship between the DM halo mass and the disk surface density. From the graph in Fig. 10, it can be seen that the DM halo mass has little effect on the increase in disk surface brightness, with a correlation coefficient of cc = 0.58. In general, this relationship has the form (9):

SBd = 2,10923(±0,32541) Mdm 12,7093671(±0,7548)   		                      (9)

A relationship was also obtained between the logarithm of the globular cluster mass and the halo radius, with a correlation coefficient of cc = 0.66 (Fig. 11). The corresponding empirical relationship is obtained in the form (10)
  		               		(10)

	

	FIGURE 11. Relationship between the halo radius and the mass of globular clusters


CONCLUSION
We briefly summarize our main results:
1. To study the observational halo data, we compiled a consolidated galaxy catalog containing the known halo and disk parameters of spiral galaxies. We also conducted a quantitative and statistical analysis of these parameters. 
2. Thus, we proposed dividing halos into three classes based on their mass: A, B, and C, corresponding to low mass, massive, and supermassive halos (in class A, Mh/M*≤1, in B, 1<Mh/M*<10, and in C, Mh/M*10).
3. Correlation coefficients were calculated in empirical relationships between various disk and halo parameters.
4. Linear empirical relationships were found between the total stellar mass, on the one hand, and the disk and halo radius, on the other. 
5. Relationships were obtained between the dispersion of particle velocities in the halo, the halo mass, and the total mass of stars in the galaxy.
6. A relationship was constructed between the total mass of stars and the mass of the DM halo. According to the authors,
7. A relationship has been constructed between the total mass of stars and the mass of the DM halo. According to the authors of [33], the mass of the DM halo in galaxies is statistically related to their stellar composition, and therefore to the nature of the evolution of the stellar population: for the most evolved galaxies, which have few young stars, the contribution of dark mass is, on average, smaller.
8. A relationship has been obtained between the velocity dispersion of halo components relative to the radius and mass of the DM halo.
9. A relationship has been found between the mass of the DM halo and the surface density of the disk. The main observable property correlating with the mass fraction of the dark halo is the surface density of the disk, not the mass.
10. A logarithmic relationship has also been obtained between the mass of globular clusters and the halo radius.
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Vh (km/s)


0.65917399040000024	4.2756198400000001	0.10789500160000003	16.826700595199984	0.86896097279999995	1.6904399872	3.0269100031999998	1.8535299200000001E-2	0.14689300480000006	5.7279699199999985E-2	13.7088	4.6238101503999962	6.0255899647999973	2.6607300608000011	0.11376299519999998	2.415459999999999E-3	0.53703101440000023	2.99916E-2	1.4354899967999994	1.8155100159999995	10.715199897600003	8.8104800000000053E-2	2.9991600128	1.7619800064	9.705109913600003	0.30478999040000015	12.705700249600003	0.25644899840000002	2.2855999488000016	1.02329E-2	1.4996799487999997	5.6885299200000003E-2	0.11912399360000002	0.20558900480000006	0.19678799360000004	1.5885500416000005	8.5309997055999993	0.69823201280000002	7.7983001600000004E-2	15.275699404800003	2.8641798400000012E-2	1.5523900416	4.9544998912000002	4.9659199487999963	1.0092499967999995	3.572729856	12.531399884800001	4.1020400000000004E-3	0.5470159872	6.9823201279999996	3.0549200895999999	0.37757199360000021	3.1260798975999999	7.0469197823999998	1.21339E-3	8.8307998720000036	9.3540600000000043E-3	5.9979100159999978	5.5847001600000001E-2	10.889300377600003	10.280199782399999	6.3533199359999983	4.1879298047999987	0.19543399680000006	0.5495410176000004	1.247379968	13.001700147199999	6.934250240000002E-2	5.0466099200000024E-2	0.47973299200000002	2.8021486331903986	0.99194380288000039	0.85452841267200053	51.977678138572813	0.85071279237120001	0.64405763512320024	6.3353226366976001	8.3445916998400038E-2	0.92322253516800001	0.52491116346880018	28.0619136	2.8020289511423999	6.1762297139200024	9.8074510041088008	0.36734071150080022	0.10278748484000001	2.3017149277183999	0.23216497559999999	1.8489111158784	4.4207668889600003	25.973644551782389	0.69743759679999973	4.354780338585595	0.50392628183039978	12.966026844569608	1.8750680209408006	32.628238240972848	2.1067285218560001	6.6945222500351962	5.5595345699999972E-2	1.1802481197056005	0.65224684062720018	0.39299005488639999	0.59518016889599956	2.0851655801855999	1.0357346271231993	5.4598398115840014	0.40567279943679996	0.50080683627520017	7.9280879910911999	0.10752131119360002	1.5803330623488001	25.857534932172797	5.8349559398399968	1.7399469944832	3.7799481876479999	11.428636694937603	2.9177810520000017E-2	1.0251079600128001	19.34800907468799	1.7687987318784	25.384920273715192	3.6106222817280003	39.878519048601603	3.884789424E-2	22.774632869888002	6.9145211519999999E-2	6.4417553571840003	0.21244199408640013	25.4700735832064	27.396732420096001	13.621517942784001	7.8063011561471995	0.54428368108799963	0.32367965936640025	2.2228311029760013	40.383280657203159	0.19194004664320005	0.48407082352640013	0.58911211417599985	M*(1010 M sun)

Mh (1010 M sun)


6.5917399039999998	168.26700595200001	19.543400448	8.6896097280000006	16.904399871999985	1.7660400640000005	1.4689300479999996	0.57279699200000023	137.08800000000005	1.874989952	60.255899648000003	26.607300607999999	1.1376299519999995	5.3703101440000003	14.354899968000003	18.155100160000007	107.15199897599997	64.416899072000007	29.991600128000005	30.619600896000001	127.057002496	2.0558900480000002	55.334998016	1.9678799360000001	15.885500416000006	71.945003008000029	85.309997055999972	0.77983001600000046	152.756994048	15.523900416	49.544998912000011	18.28100096	49.659199487999999	35.727298560000001	54.200098816000015	125.313998848	5.470159872	69.823201280000006	30.549200895999988	3.7757199359999998	31.26079897599999	70.469197824000005	33.189400575999997	1.21339E-2	88.307998720000001	59.979100160000002	0.55847001600000024	77.982998527999953	108.893003776	63.533199360000012	41.879298048000003	1.9543399680000004	5.4954101759999983	12.473799680000004	0.50466099200000003	4.7973299200000001	9.69	11.4	10.93	10.01	10.4	9.26	10.360000000000003	9.42	11.19	9.4700000000000006	10.59	10.950000000000003	9.2000000000000011	10	10.18	10.17	10.83	11.01	9.84	10.68	11.12	9.59	10.82	9.44	9.75	10.97	11.13	9.4500000000000028	11.27	10.1	10.81	10.99	10.47	10.370000000000003	10.8	11.01	9.9	10.81	10.89	10.950000000000003	10.62	10.78	11.28	8.1	11.08	10.74	9.5400000000000009	10.79	10.48	10.68	10.98	8.9500000000000028	9.59	10.28	9.7200000000000024	10	M* (1010 M sun)

logMdm (1010 M sun)


12.708	9.6110000000000024	6.57	30.888000000000002	15.557	8.4950000000000028	17.536999999999999	2.4549999999999992	4.7639999999999985	2.1779999999999999	24.830000000000005	12.033000000000001	13.552000000000003	15.269	2.4670000000000001	1.0229999999999995	15.574	3.327	10.603	12.913	46.679000000000002	5.094999999999998	18.943999999999992	6.2290000000000001	22.683	10.583	49.132000000000012	10.218999999999999	13.913	1.3859999999999995	4.7249999999999979	3.161	2.0680000000000001	6.3259999999999978	3.1179999999999999	4.9050000000000002	25.01	5.025999999999998	10.783000000000001	22.521000000000001	1.792	11.897	19.314000000000007	21.308	8.8630000000000049	17.087999999999994	24.077999999999999	0.89100000000000001	7.056	35.397000000000006	10.496	6.0380000000000003	9.5850000000000026	46.892000000000003	0.68300000000000005	34.950999999999993	1.9300000000000004	14.795	1.649	21.497999999999994	20.387	25.479999999999993	21.747999999999994	4.351	4.2080000000000002	5.0639999999999983	45.021000000000001	5.1199999999999983	5.274	5.18	204.27599999999998	122.85299999999998	91.367000000000004	741.88800000000003	93.205000000000013	98.266000000000005	229.024	47.496000000000002	101.146	148.80000000000001	507.32499999999999	216.48500000000001	277.17099999999999	319.33999999999986	99.945000000000007	43.565000000000012	158.95800000000006	61.359000000000002	131.98600000000005	171.10900000000001	389.37	111.38	214.99700000000001	108.44400000000003	325.45800000000003	145.92200000000005	485.16399999999999	144.24199999999999	323.52799999999991	81.312000000000012	169.75899999999999	101.64400000000002	103.893	93.53	166.79599999999999	98.525999999999982	232.35100000000006	75.823999999999998	115.163	334.28099999999989	95.245000000000005	128.78200000000001	446.17200000000008	227.4	155.73699999999999	127.893	343.85700000000008	69.656999999999982	98.305999999999983	358.76599999999991	150.64899999999997	453.26799999999986	141.197	423.69600000000003	51.35	411.48599999999988	53.562000000000012	278.44600000000003	78.745000000000005	635.41199999999981	428.9129999999999	366.34500000000008	293.5979999999999	59.408000000000001	79.021000000000001	178.67	573.505	59.795000000000016	61.38	104.248	Rh (kpc)

Vh (km/s)


9.69	11.4	10.01	10.4	10.360000000000003	9.42	11.19	10.59	10.950000000000003	9.2000000000000011	10	10.18	10.17	10.83	11.12	9.59	9.44	9.75	11.13	9.4500000000000028	11.27	10.1	10.81	10.47	10.370000000000003	11.01	9.9	10.81	10.89	10.950000000000003	10.62	10.78	8.1	11.08	10.74	9.5400000000000009	10.48	10.68	10.98	8.9500000000000028	9.59	10.28	9.7200000000000024	10	204.27599999999998	741.88800000000003	93.205000000000013	98.266000000000005	101.146	148.80000000000001	507.32499999999999	277.17099999999999	319.33999999999986	99.945000000000007	158.95800000000006	131.98600000000005	171.10900000000001	389.37	485.16399999999999	93.53	166.79599999999999	98.525999999999982	232.35100000000006	115.163	334.28099999999989	128.78200000000001	446.17200000000008	227.4	127.893	343.85700000000008	98.305999999999983	358.76599999999991	150.64899999999997	453.26799999999986	141.197	423.69600000000003	51.35	411.48599999999988	278.44600000000003	78.745000000000005	635.41199999999981	366.34500000000008	293.5979999999999	59.408000000000001	79.021000000000001	178.67	61.38	104.248	Mdm (1010 M sun)

Vh (km/s)


10	10.8	9.9700000000000006	9.8800000000000008	10.47	9.3800000000000008	10.43	9.5399999999999991	9.42	11.19	9.4700000000000006	8.99	10.61	9.66	9.1999999999999993	10.43	10.44	10.83	9.84	10.68	11.12	9.59	9.44	9.4499999999999993	8.74	8.1	9.7799999999999994	11.08	10.74	9.5399999999999991	9.68	11.09	10.81	10.199999999999999	9.7899999999999991	9.81	10.49	10.65	11.13	11.16	9.75	9.7200000000000006	10	151.65	20.36	50.21	33.79	28.63	13.83	341.06	34.11	33.79	983.63	308.2	11.4	178.99	15.88	233.79	6.87	31.39	2232.6999999999998	198.08	1573.37	360.44	61.49	113.98	29.71	81.81	19.989999999999998	39.520000000000003	2036.24	1383.02	124.98	90.54	449.6	331.76	11.19	774.16	106.86	571.26	20.18	2425.66	2470.7600000000002	13.09	26.84	233.79	Mdm (1010 M sun)

SBd (Lsun/pc2)


10.959270668297734	3.0951489066912949	13.614000830183519	6.5635192463980907	6.3892716716698894	8.7923755361601916	7.7410721387182404	10.553468720474957	1.0361767298528575	1.8370174197138665	6.9233593965463198	11.820618028515115	3.4663340575313444	8.2495608876746687	1.1542810960292353	5.7917683019007287	1.6249531760129305	7.8356138111500711	9.0547650393402268	6.3677452601007927	4.2761925684550786	10.207591648101277	15.053070533322794	6.7994370812972154	7.5184192277049373	6.9894803877578768	6.1309547328407668	5.2419721145279299	5.2697237316048433	8.4773335938719701	4.8143528576824179	4.0135121678214087	6.3502914128826147	3.0782768543803849	11.525357113074168	3.2112169906922188	3.461679698273159	9.3816174182460834	14.411641648054527	21.476959001975413	1.6995392831253038	5.8522749722570921	1.8975240900702368	25.320587056873162	15.793404552827436	6.0468853687398454	14.465748574430906	4.4859296325269264	22.867448830357397	7.0923708171090674	7.57	6.87	8.14	7.09	7.39	7.14	7.26	7.03	5.46	6	7.31	7.78	5.68	6.21	5.88	6.4700000000000015	6.07	5.99	6.78	7.45	7.41	7.13	7.92	6.48	6.8599999999999985	6.7	7.87	7.6599999999999984	7.26	8.2800000000000011	6.54	7.79	7.79	6.64	8.7800000000000011	6.53	7.01	8.120000000000001	7.79	7.07	6.25	7.63	6.1199999999999983	7.28	7.41	7.54	7.8	7.28	8.3800000000000008	6.58	Rh (kpc)

M_GC (M sun)


12.708	9.6110000000000024	6.57	30.888000000000002	15.557	8.4950000000000028	17.536999999999999	2.4549999999999992	4.7639999999999985	2.1779999999999999	24.830000000000005	12.033000000000001	13.552000000000003	15.269	2.4670000000000001	1.0229999999999995	15.574	3.327	10.603	12.913	46.679000000000002	5.094999999999998	18.943999999999992	6.2290000000000001	22.683	10.583	49.132000000000012	10.218999999999999	13.913	1.3859999999999995	4.7249999999999979	3.161	2.0680000000000001	6.3259999999999978	3.1179999999999999	4.9050000000000002	25.01	5.025999999999998	10.783000000000001	22.521000000000001	1.792	11.897	19.314000000000007	21.308	8.8630000000000049	17.087999999999994	24.077999999999999	0.89100000000000001	7.056	35.397000000000006	10.496	6.0380000000000003	9.5850000000000026	46.892000000000003	0.68300000000000005	34.950999999999993	1.9300000000000004	14.795	1.649	21.497999999999994	20.387	25.479999999999993	21.747999999999994	4.351	4.2080000000000002	5.0639999999999983	45.021000000000001	5.1199999999999983	5.274	5.18	0.65917399040000024	4.2756198400000001	0.10789500160000003	16.826700595199984	0.86896097279999995	1.6904399872	3.0269100031999998	1.8535299200000001E-2	0.14689300480000006	5.7279699199999985E-2	13.7088	4.6238101503999962	6.0255899647999973	2.6607300608000011	0.11376299519999998	2.415459999999999E-3	0.53703101440000023	2.99916E-2	1.4354899967999994	1.8155100159999995	10.715199897600003	8.8104800000000053E-2	2.9991600128	1.7619800064	9.705109913600003	0.30478999040000015	12.705700249600003	0.25644899840000002	2.2855999488000016	1.02329E-2	1.4996799487999997	5.6885299200000003E-2	0.11912399360000002	0.20558900480000006	0.19678799360000004	1.5885500416000005	8.5309997055999993	0.69823201280000002	7.7983001600000004E-2	15.275699404800003	2.8641798400000012E-2	1.5523900416	4.9544998912000002	4.9659199487999963	1.0092499967999995	3.572729856	12.531399884800001	4.1020400000000004E-3	0.5470159872	6.9823201279999996	3.0549200895999999	0.37757199360000021	3.1260798975999999	7.0469197823999998	1.21339E-3	8.8307998720000036	9.3540600000000043E-3	5.9979100159999978	5.5847001600000001E-2	10.889300377600003	10.280199782399999	6.3533199359999983	4.1879298047999987	0.19543399680000006	0.5495410176000004	1.247379968	13.001700147199999	6.934250240000002E-2	5.0466099200000024E-2	0.47973299200000002	Rh(kpc)

M*(1010 M sun)
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