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Abstract

This research aims to determine the nature of the relationships among luminous
infrared galaxies (LIRGs) by using different methods of distance measurement
(distance modulus “dm” and luminosity distance “dl”). We used data from the
following sources: NASA Extragalactic Database (NED) and the HYPERLEDA
database, where this data was used to study the nature of the relationships and the
extent to which they relate to each other. The program (statistica-win-program) was
employed, which helped us know the strength of the association between the
variables. The results of the statistical analysis showed that there was a strong
correlation between dust mass (Maust dm & Maust a1y @and luminous infrared (Lrirdm,
Liram) & (Lerai, Lirar), Where the partial correlation coefficient was equal to (R=0.7)
and the slope was linear. There was also a positive correlation between (Lrirdm,
Lrira)& (Ty) where the partial correlation coefficient was (R=0.4) with a linear slope.
The relationship between (Lir)& (T4) was a positive relation in the modulus distance
case (dm), where its correlation was equal to (R=0.4), but in another case (luminosity
distance), the relation was very weak, and the correlation was (R=0.2). The
relationship between total masses (M;) & (Lrirdm, a1) in both cases of distance (dm) &
(dI) was good, and the partial correlation coefficient was equal to (R=0.4) with a linear
slope. The relationship between (Lir) & (M;) in both cases of distance was also
positive, and the partial correlation coefficient was equal to (R=0.3). There was an
inverse relationship between the ratio fluxes (F100/F60) & (Ty), as well as a very tight
partial correlation coefficient, which was equal to (R=-0.9) with a slope of (-1).

Keywords: luminous infrared galaxies; distance scale; dust extragalactic; infrared
emission; partial correlation.
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1. Introduction

Luminous Infrared Galaxies (LIRGs) are considered as one of the most important
discoveries from extragalactic space, where the luminosity of these galaxies is about 10* L.
They are abundant in the Universe. When compared with other galaxies, such as starburst
galaxies, Seyfert galaxies, and quasars, it was found that the energy emitted by IR radiation is
much greater than all other wavelengths, as the luminosity in them is equivalent to 100 billion
times the luminosity of the sun [1]. The first survey of the sky using IR emission was conducted
by the infrared astronomical satellite (IRAS) in 1983. It completed its mission in 10 months,
during which more than 350000 sources of infrared were observed at wavelengths 12, 25, 60,
and 100 micrometers(um). The mission carried out by IRAS was considered as one of the
successful missions, as this success led to an interest in this type of telescopes and worked to
develop them until reaching the James Webb Telescope, which was launched on December 25,
2021, which was one of the space observatories that surpassed all other telescopes in terms of
accuracy [2].

Several studies focused on luminous infrared galaxies. The researchers (1991) took 90
samples from a luminous infrared galaxy, and they studied mass and its relationship to Lrr.
This led to the conclusion that galaxies with large FIR luminosity are giant ones, whether taken
under the aspect of their total mass, dimension, or blue luminosity. This relatioship increases
with increasing FIR luminosity [3]. In 1996, the scientists found that one of the most important
stages in the formation of quasi-stellar objects and powerful radio galaxies are ultra-luminous
infrared galaxies, and they also enter into the formation of the hearts of elliptical galaxies as an
initial stage [1]. The authors (2005) tested many samples and found a total difference between
luminous infrared galaxies and ultra-luminous infrared galaxies[4]. After comparing the
luminous infrared galaxies (LIRGSs) with other types of distant and local galaxies, the analyzers
(2012) found that there was a vast difference in terms of density between them, as the local
bright infrared galaxies are located in more dense areas than the distant ones [5]. The
researchers (2016), after the morphological classification was conducted for 89 samples of
luminous infrared galaxies, using non-parametric coefficients and comparing them
morphologically as a function of wavelength, found that the morphological trace is directly
proportional to the wavelength of the band from B to H [6]. Al Najm (2020) investigated the
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amount of cold gas (MHI, MH2), dust abundance (Maust), the cold temperature of dust (Tq), and
brightness in far-infrared to CO line radiant energy of the extragalactic sample. His findings
showed that far-infrared emission has a strong association with all parameters, which
demonstrates the existence of a recent star-burst, which is in turn a significant indicator of stellar
evolution activity [7].

2. Data collection for sample observations

The Lyon-Meudon Extragalactic Database (HYPERLEDA) is a database of galaxies.
LEDA originally contained information of more than 60 parameters for about 100,000 galaxies,
and now includes information on over 3 million celestial objects, of which about 1.5 million
are galaxies. We have studied apparent and absolute magnitudes (mote, Mg), the apparent
maximum rotation speed of the gas at the level of 20% (W20%), their apparent diameters dzs,
and their shapes. We also used NASA/IPAC (NED), an online database for astronomers that
collects and links information about extragalactic objects like galaxies, quasars, radio, X-ray,
and infrared sources, etc. This site has helped us get many parameters (for example, the redshift
of galaxies (z), infrared fluxes in different bands at near, medium, and far F12, F25, F60, plus
F100 in unit Jansky (Jy). In this research, 134 galaxies were selected from the literature [8-16],
and the data were collected from NED and HYPERLEDA.These sites have helped us get many
parameters, as seen in Table (1) in which:
Column 1 presents the number of objects, column 2 presents the name of the galaxy, column
3 devotes itself to the morphological classification, column 4 tackles the apparent diameters,
column 5 gives the redshift of galaxies, column 6 presents the inclination, column 7 lists the
apparent maximum rotation speed of the gas at the level of 20%, columns 8, 9, 10 and 11 present
the infrared fluxes in different bands at near, medium, and far F12, F25, F60, plus F100 in unit
Jansky (Jy), respectively, column 12 refers to the apparent magnitude mptc , and column 13
presents the apparent size.

Table 1: The data obtained from NASA/IPAC extragalactic archive (NED), and the Lyon-
Meudon Extragalactic Database website (HYPERLEDA).

Log z
—: I?SI waove | F12 | F25 | Fe0 | F100 | mw | MB
logical
Name of
galaxy e S Jy Jy Jy Jy mag
NO. arcmin
1- NGC 23 sa 119 | 0.01523 | 405 | 4431 | 066 | 129 | 9.03 | 15.66 | 1251 | -21.45
2 NGC5257 | SABb | 1.7 | 0.02267 | 621 | 5346 | 052 | 118 | 81 | 1363 | 13.04 | -21.96
3- NGC5258 SBb | 117 | 0.01523 | 342 | 444 | 025 | 078 394 | 7.27 | 135 | -215
4 NGC877 | SABc | 128 | 001306 | 411 | 4385 | 084 | 141 | 882 | 2556 | 11.82 | -21.93
5. | PGC049264 | SABb | 1.03 | 003304 | 602 | 181 | 029 | 0.79 | 627 | 10.71 | 1599 | -19.86
6- NGC 958 SBC 14 | 001915 | 78 | 6017 | 062 | 094 | 585 | 1508 | 11.86 | -22.6
7- | NGC 3683 SBc | 1.24 | 00057 | 69 | 379 | 119 | 148 1?;'8 293 | 1224 | -2026
8- | uGC1845 Sab 0.9 | 003304 |823| 2051 | 035 0'??8 9'31 1551 | 1432 | -19.44
o- | ucco2082 | sABa | 089 | 001514 | 637 | 4305 | 057 | 0.83 8'139 1682 | 1331 | -20.94
10- | UGC 3351 sab | 1.24 |001486 | 90 | 5082 | 055 | 086 1‘;4 2026 | 13.99 | -20.01
220 | 193
11- | NGC 2369 sa 148 | 001081 | 90 | 5421 07089 | %20 | 133 3831 | 1213 | -2073
12- | NGC 992 SBC 00 | 001378 | 428 | 108 | 056 | 1.76 | 11.4 | 16.72 | 1464 | -19.08
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13- | NGC6090 Sab | 064 | 00203 | 71 | 2317 | 029 | 122 648 | 934 | 13.96 | -21.67
14- | NGC 2388 sb 094 | 001379 | 526 | 4645 | 069 | 1.19 13'7 2564 | 1409 | -19.84
15- MCGO‘E)%Z'ZO' So-a | 095 | 001657 | 757 | 3899 | 026 | 073 | 881 | 128 | 1472 | -1955
16- | NGC3110 | SBb | 1.27 | 001686 | 648 | 4426 | 059 | 113 1%3'6 2227 | 1234 | -21.96
17- | NGC 3256 sbc | 152 | 000935 | 482 | 2713 | 357 12'6 135 Mf 31 1120 | 2159
18- | NGC 3690 sm 138 | 001041 | 436 | 577 3.9 21'5 151' 1252'4 1141 | -22.06
19- | NGC828 sa 146 | 001785 | 448 | 556 | 072 | 107 1%3'4 2283 | 1274 | -217
1.78 | 166
20- | NGC 5135 sab | 138 | 001369 | 248 | 2218 | 063 | 17%| 120 T 3007 | 1247 | 2137
21- | UGC08739 | SBbc | 128 | 001679 | 875 | 174 | 035 | 042 | 579 | 1589 | 1342 | 21
22- | NGC5653 sb 12 | 00119 | 35 | 120 | 063 | 137 13'5 2303 | 1269 | -20.85
23- | NGC 834 Sb 102 | 001532 | 658 | 2582 | 041 | 0.84 | 665 | 1277 | 1314 | -21.03
24- | NGC 5743 Sb 111 | 001374 | 75 | 5715 | 059 | 075 | 521 | 9.78 | 1285 | -21.01
25- | NGC5936 | SBb | 1.07 | 00133 | 193 | 217 | 048 | 147 | 873 | 17.66 | 1282 | -21.14
26- | NGC5990 | SABa | 12 | 001277 | 57.5| 4064 | 0.6165 | 16 | 959 | 1714 | 12.24 | -21.18
27- | NGC 6156 sc 127 | 001089 | 333 | 235 | 1.23 | 271 | 209 | 32 | 1146 | -21.82
28- | NGC 6701 sa 115 | 001323 | 173 | 3148 | 055 | 132 1%0 2005 | 1257 | -21.4
20- | NGC 7469 sa 114 | 001627 | 302 | 3954 | 163 | 5.7 2%'1 4015 | 1248 | -21.77
30- | NGC7591 | SBbc | 121 | 001654 | 66.9 | 390 | 0323 | 1.23 | 7.87 | 1487 | 1286 | -21.28
31- | NGC7679 | S0-a | 1.09 | 001715 | 59.3 | 449 05 | 112 | 7.4 | 1071 | 1302 | -21.35
32- | NGC 7769 sb 126 | 001405 | 732 | 88 052 | 521 4'5’3 1358 | 1155 | -22.42
33- | NGC7817 Sbc | 152 | 001532 | 90 | 434 | 066 | 061 | 519 | 16.78 | 1141 | -2094
34- | NGC7771 sa 14 | 001446 | 667 | 6591 | 099 | 217 189'9 3742 | 123 | 2172
35- | NGC 6621 Sb 133 | 0.02065 | 708 | 4592 | 031 | 1.02 | 7.02 | 1249 | 1261 | -22.27
36- | UGC 2608 SBb | 098 | 002334 |365| 319 | 044 | 145 8'36 1127 | 135 | -21.56
0.76 | 150
37- | UGC03973 sb 113 | 002221 | 367 | 197 | 03062 | %I | P20 | 2363 | 134 | 2184
38- | NGC7674 | SBbc | 1.05 | 002903 | 26.7 | 3443 | 068 1'689 5.36 | 8.146 | 1359 | -21.95
39- NGC520 sa 161 | 000761 | 757 | 2198 | 09 | 322 3(;'8 47.76 | 11.67 | -20.75
40- | NGC660 sa 166 | 000283 | 788 | 3199 | 288 | 7.3 652'5 112"7 1126 | -19.25
41- | NGC 4303 sbc | 1.84 |000522 | 181| 239 | 328 | 49 2%'4 7874 | 1002 | -20.43
42- | NGC1055 SBb | 184 | 000332 | 627 | 87 224 | 2.8 23;'3 6526 | 1084 | -206
43- 1C0860 SBab | 098 | 001291 | 546 | 658 09 | 134 126 1800 | 1414 | -197
42 | NGC1134 Sb 135 | 001214 | 772 | 4508 | 055 | 0.92 | 9.09 | 1643 | 11.75 | -21.19
45- | NGC 3198 sc 181 | 00022 | 778 | 3132 | 071 | 1.08 | 747 | 1852 | 9.94 | -20.79
26- | UGC2982 | SABa | 089 | 00177 | 63.7 | 4266 | 057 | 083 | 838 | 16.86 | 1331 | -20.94
47- | NGC1797 Sbha | 1.08 | 001487 | 534 | 3802 | 033 | 1.35 8'56 1276 | 1384 | -2021
48- | NGC6S14 | SABD | 149 | 000522 | 856 | 1149 | 092 | %>’ | 653 | 1967 | 1035 | -2157
49- | NGC6835 sba | 144 |000541 | 90 | 1901 | 065 | 1.37 116'1 1682 | 122 | -19.77
079 | 8.16
50- | UGCI2150 | Soa | 095 | 00213 | 614 | 479 | o037 | %/ | ®10 lissg | 1443 | 2081
51- | NGC157 | SABb | 157 | 00055 | 61.8 | 3273 | 161 | 217 1;'9 4243 | 104 | 2181
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52- | NGC 4593 sb 183 | 000831 | 34 | 3622 | 025 %gf 3'25 5047 | 1165 | -214
0.74 | 2.66
53- | NGC 7213 sa 168 | 000584 [ 301 | 210 | 06063 | %' | 2% | 8177 | 1081 | 2005
54- | NGC7678 S 131 | 003363 | 43 | 360 | 063 | 116 | 698 | 1484 | 12.05 | -21.21
55- | NGC3393 | SBa | 1.29 | 001164 | 309 | 2431 | 0131 0225 2'125 3378 | 126 | -21.01
56- | NGC4151 | Sab | 146 | 000333 | 42 | 1371 | 1.968 | 487 | 6.46 | 8.88 | 1100 | -173
57- | NGC 5100 sb | 097 | 003191 | 469 | 390 | 021 Oéie 2':6 4605 | 1448 | -21.28
58- | NGC5506 | SABa | 146 | 000608 | 90 | 322 | 148 | 429 | 855 | 887 | 1205 | -202
50- | NGC1614 SBc 11 | 001594 | 418 | 142 | 138 | 75 322'1 37 | 1271 | -214
60- Mrk 796 So-a | 079 | 002156 | 51.2 | 3381 | 0.2026 Oég“ 3';"5 5416 | 149 | -20.02
0.76 | 2.88
61- | NGC 7212 sb 113 | 002663 | 764 | 591 | 0955 | OJ° | #5° | o5 | 1396 | -21.30
62- | NGC1122 | SABb | 1.13 | 001201 | 653 | 4406 | 0.2015 06276 1'29 4937 | 12,06 | -21.63
0.22 | 233
63- | NGC 988 sc 164 | 000504 | 69.1 | 256 | 02274 | %27 | 233 1go75 | 1001 | 2087
64- IC 2810 SBAD | 101 | 003401 | 752 | 439 | 014 | 062 | 51 | 1098 | 146 | -21.29
65- | NGC4418 | SABa | 1.15 | 000709 | 681 | 160 | 099 | 9.67 4:;'8 3194 | 1342 | -19.09
66- | NGCO0034 | S0-a | 1.06 | 001962 | 90 | 514 | 035 | 2.39 12'0 1686 | 13.95 | -2068
67- Mrk 739 Sb 0.85 | 002985 | 374 | 380 | 0.1603 Oéio 1.26 | 2.408 | 1429 | -21.31
68- | Mrkols sed | 101 |oo2411 | 67 | 3758 | 012 |2 %% 11007 | 1384 | 2127
69- | NGC 2623 sb 138 | 001851 | 83 | 95 021 | 181 237"4 2588 | 1306 | -21.86
156 | 102
70- | NGC3256 | sbc | 152 | 000035 |482 | 306 | 357 | 0|19 11153 1100 | 2150
71- | NGC 3690 sm | 138 | 001041 | 436 | 577 3.9 2‘2'1 1&5 1114 | 1141 | -22.06
72- | UGC08387 | Sm 0.0 | 002306 | 614 | 2793 | 025 | 1.42 11'0 2438 | 1424 | -20.85
73 | MOCDZ05 | sa | 109 | 002011 | 558 | 4457 | 02004 | g | 00| 24 | 1399 | 2155
74 VV283 SBb | 076 | 003748 | 331 | 3327 | 03 | 047 | 525 | 806 | 1514 | 2096
75- | NGC4507 | Sab | 114 | 00118 | 325 | 2584 | 0.4566 1'50 431 | 5399 | 1248 | -2098
76- | NGC6240 | S0-a | 1.34 | 002431 | 72 | 6166 | 059 | 3.55 2%'8 2649 | 1326 | -21.92
77- | NGC4194 | SBm | 122 | 000834 | 526 | 1489 | 099 | 451 | 316 | 9.46 | 1258 | -2049
78- | NGC4704 | SBbe 1 |o002715 | 20 | 50 16 0';:'7 1'77 5| 2563 | 1436 | -20.87
0.96 | 1.42
79- | NGC5347 | sab | 121 | 00079 | 453 | 1209 | 03085 | % | M2 | 2644 | 1326 | 1075
80- | NGC 7714 Sb 134 | 000933 | 451 | 2208 | 047 | 288 | 12.7 | 1246 | 1252 | -2051
81- | NGC3049 | SBb | 132 | 000486 | 58 | 2118 | 016 | 044 | 2.95 | 424 | 1302 | -1832
82- | NGC1667 | SABC | 127 | 0.01526 | 39.8 | 3899 | 042 | 071 | 627 | 1492 | 15.77 | -21.81
83- | UGC9944 | Sbc | 114 | 002453 | 796 | 418 | 025 | 06 | 1.34 | 207 | 1382 | -21.43
84- | UGC 6100 SA 0.9 | 002041 |522| 375 | 01453 Oiio Of:f 1498 | 1383 | -21.74
85- | UGC12348 | Sba | 111 | 002538 | 90 | 94 | 01088 | 42 | 9.6 | 1557 | 1468 | -2055
86- | NGCO024 sc 179 | 000185 | 701 | 168 | 027 03"126 1'126 6723 | 113 | -18.02
87- 1120096 So-a | 079 | 00361 | 714 | 4121 | 02545 ng 1‘;'2 1176 | 1465 | -21.38
88- | NGC337 | SBed | 147 | 00055 | 506 | 272 | 0222 | 076 | 9.07 | 2011 | 11.18 | -2023
89- | NGC 0628 sc 2 | 000219 | 198 | 524 | 245 | 1.9 2%8 6564 | 935 | -20.68
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90- | NGCI512 sa 193 | 0.00299 | 683 | 2723 | 0.2237 Oé%?’ 34 | 11 | 916 | -19.66
91- | NGC 2798 sa 138 | 00058 | 849 | 355 | 076 |321 1%'2 2060 | 125 | -19.66
92- | NGC2915 | Shab | 1.26 | 000156 | 622 | 176 | 025 0'33 0'989 166 | 117 | -16.46
93- | NGC5194 | SABb | 214 | 000153 | 326 | 139 | 721 | 956 | 988 2211'2 834 | -21.33
94- | NGC3621 | SBed | 1.98 | 000224 | 67.6 | 293 | 353 | 4.44 22'3 7734 | 906 | -20.08
95- | NGC 3627 sb 201 | 000241 | 675 | 3761 | 482 | 772 6‘;‘3 179 | 909 | -21.21
9%- | UGC3374 | SBbc | 135 | 002046 | 273 | 321 | 041 1'34 3':_30 4235 | 1249 | -22.29
97- | NGC 3094 sba | 1.13 | 000802 | 461 | 2661 | 082 | 2.89 1%8 1389 | 1314 | -19.88
98- | NGC 3190 sa 156 | 000437 | 878 | 271 | 034 | 047 | 316 | 946 | 114 | -2053
99- | NGC6946 | SABc | 206 | 000013 | 183 | 2333 | 1211 | 207 1723 293'6 823 | -209
100- | NGC5713 | SABb | 1.39 | 000628 | 482 | 216 | 147 | 284 2%'6 3728 | 1118 | -21.21
101- | Mrka63 sc 103 | 00508 | 59 | 200 | 05098 1'57 2'28 1924 | 137 | -23.08
102- | NGC 3938 S 173 | 0.00269 | 176 | 115 00 | 123|918 | 275 | 1074 | 2012
103- | Amp220 sm | 104 | 00184 | 57 04837 | 8 | 23| Mo% | 1338 | 2121
019 | 1.49
104- | NGC 418 sc 13 | 001904 | 504 | 2666 | 01207 | %% | 140 | 4281 | 1272 | 218
105 | NGC4236 | SBd | 2.37 0 90 | 182 | 011 | 057 | 398 | 1002 | 902 | -192
106- | NGC 633 SBb | 104 | 001731 | 315 | 2432 | 022 | 072 | 201 | 232 | 1333 | 2095
107- | NGC 4254 Sc 17 | 000803 | 201 | 2838 | 367 | 438 | 253 | 7601 | 1017 | -206
108- | NGC4451 | Sab | 174 | 000653 | 488 | 163 | 01085 | 1.2 1'3?4 6.952 | 1046 | -19.12
100- | NGC4736 | SABc | 189 | 000103 | 318 | 2449 | 507 |63 | '2° | 2069 | 854 | -1967
110 IC 860 SBab | 098 | 001291 | 546 | 658 | 014 | 1.34 1?'6 1866 | 1414 | -197
111- | NGC2339 | Sbc | 138 | 000752 | 526 | 429 | 059 | 24 | 176 | 31.82 | 11.77 | 2067
112- | 1C5179 sbc | 1.01 | 001141 | 622 | 4003 | 118 | 24 1%'3 3729 | 1203 | -21.31
13- | 1C4734 SBbc | 1.12 | 0.01605 | 572 | 361.6 | 038 | 1.33 1‘20 2531 | 1342 | -2073
114- | NGC4679 | SBc | 1.39 | 001549 | 72.4 | 4228 | 0.2479 09221 Zf“ 7008 | 134 | -2046
115- | NGC 4559 sc 202 | 000398 | 648 | 2472 | 035 O'fo 187 | 482 | 96 | -1967
116- | UGC 3608 S 117 | 002165 | 484 | 1871 | 041 | 12 | 805 | 11.33 | 12.97 | -21.95
117- | NGC 1068 Sb 179 | 0.00379 | 347 | 2999 | 39.84 877'5 139$ 2577 3| 947 | -2064
118- | NGC 2342 sc 107 | 001765 | 451 | 4111 | 046 | 1.64 | 7.73 | 16.66 | 12.77 | -21.62
110- N6090 Sab | 064 | 00203 | 71 | 3573 | 026 | 124 | 648 | 941 | 13.96 | -21.67
120- | NGC4725 | SABa | 1.99 | 0.00403 | 454 | 3936 | 032 | 0.2 | 418 | 20.79 | 9.68 | -20.73
121- | Arp193 sm 09 | 002306 | 61.4 | 2793 | 025 1'5’6 11'0 2438 | 1424 | -20.85
122- | NGC453 | SABb | 185 | 000603 | 731 | 342 | 16 | 39 | %07 | 4451 | 1027 | 205
123- | Mrk33l Sa | 093 | 001814 | 437 | 1009 | 052 | 302 | 18 | 2256 | 1429 | -20.23
124- | NGC5195 | Sba | 174 | 000152 | 405 | 239 | 072 | 1.02 152'2 3133 | 1026 | -19.14
125- | NGC6000 | SBbc | 128 | 000732 | 307 | 3087 | 148 |535| 30 | 5404 | 1217 | 2030
126- | NGC 5033 Sc 199 | 000152 | 644 | 4645 | 1.38 | 1.99 | 162 | 5023 | 1008 | -20.76
127- | NGC1433 | Sba | 179 | 000359 | 674 | 184 | 0.2366 06%3 3;‘9 1423 | 1042 | -19.22
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128- | UGC1845 Sab 09 |001514 | 823 | 2051 | 035 | 107 12'3 1551 | 1432 | -19.44
120- | NGCS5055 | Sbc | 207 | 000167 | 549 | 3972 | 535 |636 | S01 | M%) sse | 2080
012 | 098
130- | 1C 4710 sm | 154 |000247 [341| 71 |oawas| %P %% |asm | 12 | a7
131- | NGC4102 | SABb | 1.47 | 000282 | 587 | 3498 | 1.77 | 6.76 4%'8 7029 | 11.62 | -19.67
132- | NGC 7552 sab | 159 | 000536 | 236 | 257 | 3.49 112'9 788'3 1022'9 1106 | -2057
133- | NGC 7793 scd | 202 |000076 | 635 | 1911 | 132 | 167 1&;‘1 5407 | 919 | -18.67
134- | NGC4818 | SABa | 1.63 | 000355 | 859 | 3162 | 096 | 44 2%1 266 | 1126 | -19.01

2. Calculations, statistical analyses, and results
In this section, the following parameters have been determined for the sample of galaxies
considered in this study.

Far infrared luminosity Lrir: In general, the relationship was used to calculate the
logarithm of the far infrared luminosity of galaxies (Lgg) in solar units using the following
formula [3]:

L
Log [%] = 5.5954 + 2LogD + Log[2.58F ¢, + F100] )

o}
Where (Fgg, F190) refer to IRAS flux densities at 60 and 100 micrometers, and D is the

extragalactic distance, where both types of distance include (dm & dl )where this equation was
applied in both cases .

Additionally, the following formula has been used to calculate the logarithm of the total
infrared luminosity Lr at fluxes (12, 25, 60, and 100) [3]:

L
Log [% = 5.5378 + 2logD + log [12.66F,, + 5.00F,s + 2.55Fs, + 1.01F; 0, )

Where D is applied in both cases of extragalactic distances (dm & dl).

Dust temperature Ty: Is one of the important characteristics of galaxies, it is directly related
to the rate of star formation and plays a vital role in the thermodynamics of interstellar clouds.
It is also involved in astrochemical studies [17]. This relationship is used to calculate (Tq) [7,
18]:

Fyopm 0.4 ;
F 100um> )

Here, the dust temperature is measured in Kelvins and the fluxes (F60 um and F100 pm) in

Jansky.

sz49(

Dust mass of galaxies (Mgyust) - Spiral galaxies consist of stars, dust, and gas in varying
proportions. Dust is present in small proportions in galaxies, but it plays an important role in
explaining how light escapes from galaxies because dust grains can absorb and scatter light
[17,19]. According to recent studies, tidal interaction causes galaxies to release interstellar
gases as well as dust [20]. To calculate the mass of dust, the following formula has been used

[7]:
144
Mause(Mo) = 478F100(Iy)D? {eTd — 1] 0
Where D is applied in both cases of extragalactic distances (dm&dl).
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Total mass of galaxies (Mi): Determining the total mass of galaxies is one of the most difficult
parameters for astronomers, as there are usually many methods found to calculate the mass,
such as the velocity dispersion method, and the average mass method through the application
of the Virial theorem, but it is known that astronomers are always looking for better methods
that are considered easier to give us higher initial calculations [21]. The following relationship
has been used to calculate the total mass [3]:

LogMi(Mg) = 4.4771 + Log A, + 2Log Av, (5)

To apply the total mass equation, the linear diameter of the galaxies (A_) must be found,
where (A ) is the distance between the two opposite sides [22], and it can be found through this
equation [3]:

A, = 0.290887 * d,s * D (6)

Where dos is the diameter measured by an observer at a specific distance from the object,
called the apparent diameter in (arcmin) units [23] ,and D includes both types of extragalactic
distances (dm &dl).

Av, is the observed line width, and it can be calculated using the following relationship [3]:

W20
AVO = m (7)
Where wxo is the maximum rotation speed of gas at level 20% and the inclination (i) is one
of the elements that determine the directions and shapes of astronomical bodies, as each
celestial body has its own inclination angle [24].

In equations 1, 2, 4, and 6, the symbol D denotes the luminosity distance of luminous
infrared galaxies (LIRG) , which has been calculated in two ways in this work: distance
modulus dm and luminousity distance dl.

Distance modulus (dm): Is the difference between apparent magnitude and absolute
magnitude. This distance can be measured using the following formula [25]:
My — Mg = 5log dm + 25 (8)

The above equation can be rearranged in order to measure the luminosity ditsnace (dm )

from distance modulus as follows:
dm(Mpc) = 10Mbtc—Mp—25)/5 9)

Where the absolute magnitude Mg is the star’s magnitude resulting from its position at a
distance of 10 parsecs from the Earth , and the apparent magnitude mp refers to the brightness
produced by stars or galaxies that the observer measures when they are at a certain distance
from the celestial sphere [26].
Distance luminousity (dl): This type of distance tells us how far the light travels to reach us
[27]. This relationship is used to calculate it [25]:

dl(Mpc) = ;_I—Z {1 +z(1- qo)%/l +q.z(1+ ZqOZ)%} (10)

Where H_is the Hubble constant, which tells us about the speed with which the universe
expands and is used to approximately calculate the universe's age. Its values range from 68
km/s/Mpc to 74 km/s/Mpc [28]. In this research, we used the value Ho = 68.7 Km/s/Mpc, c is
the speed of light (3x10° km/s), and q_ is the deceleration coefficient, which is a measure of
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cosmic expansion, but without dimensions, and its value in this equation was equal to Y.
Throughout the present work, we have employed cosmological parameters with the following
quantities Qw = 0.3, and Q4= 0.7 [29, 30]. In this equation, the redshift z is one of the methods
used to infer the movement of distant celestial bodies, as it is known that when the body is
redshifted, it moves away from us, but if it is blueshifted, it approaches us. Therefore, the
redshift is an example of the Doppler effect [31, 32].

The purpose of this study is to determine the nature of the relationships between dust and
total masses, as well as the bolometric infrared photometry of luminous infrared galaxies using
various extragalactic distance measurement methods, where photometry is considered one of
the most important basics for the study of astronomical phenomena, such as the study of
galaxies [33, 34]. A group of galaxies (134) were taken from the luminous infrared galaxies of
the spiral type; we took the basic information that we needed from the (HYPERLEDA) and
(NED) websites. The previously mentioned mathematical equations were applied, and we input
all the data we obtained into the statistical program to find out the nature of these relationships.
The statistical program is considered one of the popular programs that are used to see if there
IS a correlation between variables in this study. Partial correlation coefficient (R) values range
from [+1, -1]. If the value is positive +1, the strength of the correlation between the two
variables is high, and the correlation between the two variables is weak when the value of the
partial correlation coefficient is zero or close to it [35]. The nature of the relationships was
determined using different measurement methods. The first one was the luminosity distance
(dl). It is a sufficient distance for changes in the universe to occur, as it covers a large part of
the universe. The second method was distance modulus, which is the difference between
apparent and absolute magnitudes. Based on the different measurement methods, the equations
that contain the distance factor were applied twice, and a comparison was made between their
results.
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Figure 1 (a): The relation between (Log Lir ¢m) Figure 1-b: The relation between (LogLrai)
and (Log M dust dm). and (Log M qust dr)

Figure 1 depicts the relationship between the total infrared luminosity and the mass of dust
using the two methods of measuring the luminosity distance (equations 9 and 10). In Figure
(1a) on the left, after the data was analyzed through the statistical program, the results show
that it is a strong relationship, with a partial correlation coefficient (R=0.7), a high probability
(p<1077), and the slope is linear ~0.7. As for Figure (1b) on the right, it’s a good relationship,
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it has a positive correlation (R=0.6), a high probability (p<10~7), and the slope is linear= (0.9).
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Figure 2 a: The relation between Figure 2 b:The relation between (Log
(LogLFirdm)& (L0og Maust dm) Lrirat) & (LOgMaust dr)

Figure 2 shows how the log total infrared luminosity (Log Lrir) and the log mass of dust
(LogMuaust) are related. The figure on the left shows that the relationship is very good where the
correlation is equal to (R=0.7), the probability is also high (p<10~7), and the slope is linear
0.7. The figure on the right shows a good relation; it has a strong correlation (R=0.7), very
good probability (P<10~7), and the slope is linear ~0.6. From Figuresland 2, and after
comparing between them, the result is very close within all bands and with the two different
methods of measuring distance. The relationship in the two figures is considered strong, as the
partial correlation coefficient is very close, its percentage ranges between (0.6 - 0.7), and the
slope in all figures is linear. We conclude from this that the opacity rate is very high in the
luminous infrared galaxies compared to other less bright galaxies. All the results that we
obtained show us several things, including the nature of the relationship between the dust mass
and the luminous infrared radiation, which was determined to be a strong relationship, and the
reason for making infrared telescopes, as it is known that dust constitutes approximately 1% of
the astral medium and that planets and stars consist of a group of clouds of dust and gas. These
clouds lead to a lack of vision for the observer, and the high correlation between the mass of
dust and the bright infrared rays shown led to the trend of manufacturing telescopes that operate
on the principle of infrared radiation, such as the James Webb and IRAS telescopes, because
they penetrate this dust and allow us to see what is inside the galaxies and look through them
into the past.
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Figure 3 a: The relation between Figure 3 b: The relation between
(Log Lrir dm) and (Tq). (LogLriral) and (Tq).

Figure 3 displays the relationship between far-infrared luminous (Lrir) in solar units and
dust temperature (Tq) in kelvin. The figure on the left refers to a positive relation, where the
correlation is equal to(R=0.4), the probability is high (p< 2.2*107°), and the slope is linear
(0.6).The figure on the right shows a similar positive relation. The correlation is (R=0.4), the
probability is high (p<9*107%), and the slope is linear (0.6).

Figure 4 a: The relation between Figure 4 b: The relation between
(Log Lir dm) and (Taq). (Log Lir ar) and (Tq).

The relation between total luminous infrared (Lir) and dust temperature (Tg)is
demonstrated in Figure 4. Figure (4a) on the left depicts a positive relation, the correlation
coefficient is equal to (R=0.4), the probability is high (p=2*109), and the slope is linear (0.7).
On the right, the relation is weaker, where the correlation is (R=0.2), the probability is (0.7),
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and the slope is (0.5). After obtaining the results, as shown above in Figures (3 and 4), we notice
that the results of the correlation of the luminous far-infrared with the temperature of the dust
in Figure (3) are very close and even equal, as the partial correlation coefficient is equal to 0.4
in both cases and that the slope is linear. Still, in Figure (4), we note that there is a difference
in the results between the two types of distance, in the modulus distance (dm), it has a good
correlation coefficient, as it is approximately 0.4. Yet, in the figure on the right (luminosity
distance), we notice that the relationship is very weak. It is important to know how this
relationship works to understand the relationship between bright infrared emissions and star
formation in galaxies. These formation regions raise the temperature of the dust to obtain
infrared emissions and the two most important sources for heating this dust are the general
interstellar radiation field and the most intense radiation in stars. After comparing the results
we obtained with previous research and studies, we found that there is a convergence in the
results, as studies indicated that spiral galaxies have temperatures ranging between (30-50)
Kelvin, which is almost the rate the asymptotic that we obtained in our study, which ranges
between (21-51) Kelvin.
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Figure 5 a: The relation between Figure 5 b: The relation between
(Log Lir dm) and (Log Mi dm) (Log Lirai) and (Log Mi a1)

Figure 5 illustrates the relation between total mass (Log Mi) and the total infrared
luminosity (Log Lir). The figure on the left shows a positive relationship, where the correlation
is (R=0.3), probability is (P~=1.6*1073), and the slope is linear (0.5). The figure on the right
shows a positive relationship. The correlation is (R= 0.3), with a probability of (2*1073), and
the slope is linear (0.5).
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Figure 6 a: The relation between Figure 6 b: The relation between
(Log Lrir dm) and (Log Mi dm) (Log Lrirai ) and (Log Mi ar)

Figures (6a and 6b) refer to the relation between luminous far-infrared (Log Lrir) and Log
total mass (Log Mi). The figure on the left shows a positive relationship, where the correlation
is (R=0.4), the probability is (p=7*107°), and the slope is linear (0.5). The figure on the right
is good, the correlation is equal to (R=0.4), the probability is equal to (p=2.5*10"5), and the
slope is linear (0.5). Through Figures (5 and 6), we notice that the relationships are positive in
all cases of distance, and this indicates that the total visible mass of galaxies increases with the
increase of luminous infrared emissions because these galaxies are giant galaxies in terms of
their total mass, where the correlation coefficient ratio is close. The slope is linear in all cases.

Figure 7: The relation between Log F100/Fe0) and (Ta)
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The reversal relationship shown in Figure 7 above has a partial correlation value of (R = - 0.9)
between the logarithm flux (100/60) and dust temperature, with a high probability of (p<10~7)
and a slope of (-1).

5. Conclusion

There are different correlations for far and total luminous infrared radiation; according to
the results of the statistical analysis program, it was a positive linear relationship with a high
correlation coefficient (R=0.7) between the Logarithm of dust mass (Maustdm&Maustary and
luminous infrared (Lrirdm, Lirdm) and (Lrirai, Lirai). This is due to the fact that this type of galaxy
contains more dust than other types that are less bright, but despite that the luminous infrared
rays have the ability to penetrate the dust and pass through it.The relationship between (Lrir)
and (T4) was positive and linear, but when associated with total-infrared, the nature of the
association was positive with (Liram) and the association was weak in the case of (Lirar), where
the correlation was (R=0.2). We have found that the temperature of the dust is associated with
the process of star formation, as most of the luminous infrared galaxies are characterized by
large masses, and therefore the larger the masses, the lower the temperature, and this leads to a
decrease in the activity of the star formation process. As for the nature of the relationship
between the total mass and the luminous infrared radiation, it was a positive linear relationship
in both cases (Lrirdm, Lirdm) and (Lriral, Lirai). This is due to the fact that they are giant galaxies,
while the nature of the relationship between the Logarithm of flux (60,100) and the dust
temperature (Tq) was an inverse relationship and the correlation coefficient was equal to (R=-
0.9).
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