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Abstract 

    This paper aims to deal with the understanding of properties of molecular gas 

hydrogen in extragalactic spirals sample. It is critical to make observations of CO (J 

= 1-0) line emission for spiral galaxies, particularly those with an energetic nucleus.  

In a compiled sample of spiral galaxies, a carbon monoxide CO (1-0) emission line 

can be observed. This sample of galaxies' gas kinematics and star-forming should be 

analyzed statistically utilizing appropriate atomic gas HI, molecular gas H2, infrared 

(1μm-1000μm), visual (at λblue-optical= 4400A
0
), and radio spectrum (at νradio=1.4 GHz 

and 5 GHz) databases. STATISTICA is a software that allows us to perform this 

statistical analysis. The presence of a high scale of star formation activity in these 

galaxies is dependent linearly on the correlations between galactic luminosities. Our 

findings show that thermal radio luminosity and LFIR are closely related to CO line 

emission   luminosity. Further, LCO and MH2 have a steep linear relationship, where 

the slope of the regression log LCO - LogMH2 equals 1. The LCO-SFR and LFIR-SFR 

relationship slopes are nearly linear (slope ~1), with a strong partial correlation RCO-

SFR of 0.73 between LCO-SFR and a significant correlation RFIR-SFR of 0.5 between 

LFIR-SFR, according to the statistical analysis. The correlation between the rate of 

star formation (SFR) and hydrogen gas in spirals is significant in several fields of 

astrophysics.  Hence, it is asserted that the important point of the current study is 

that there is a significant link between SFR and the actual amount of cold hydrogen 

gas (Mgas) for the simple reason that in our spiral analysis, the mean atomic cold gas 

amount quantity is almost 6 times greater than the molecular gaseous amount. 

 

Keywords: spiral galaxies- star-formation; molecular - atomic gas; CO line –

infrared emission; statistics. 

 

 الحلزونية الخارجية المجرات في CO (1-0) انبعاث لخط الكثافة المتكاملة خصائص دراسة

 

 *محمد ناجي ال نجم ، عاء كريم عبودد

 العخاق،اد بغج ، جامعة بغجاد ، كمية العمهم، قدم الفمك والفزاء
 الخلاصه

تيجف ىحه الهرقة البحثية إلى التعامل مع فيم خرائص غاز الييجروجين الجديئي في عيشة من السجخات 
 CO (J = 1-0الخارجية الحمدونية. من الزخوري إجخاء ارصاد لانبعاثات خط اول اوكديج الكاربهن )

عيشة السجخات الحمدونية التي تم تجسيعيا ، لمسجخات الحمدونية ، خاصة تمك التي تحتهي عمى نهى نذطة. في 
. ىحه العيشة من السجخات يجب تحميل حخكة CO (1-0خط انبعاث أول أكديج الكخبهن  ) يسكن ملاحظة

، والأشعة تحت الحسخاء  H2، والغاز الجديئي  HIالغاز الحري  عسالالغاز وتذكيل الشجهم فييا احرائياً باست
( ، λblue-Optical = 4400A0البرخية )عشج الطهل السهجي الازرق ( ، و μm-1000μm1ضسن السجى ) 
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ىه بخنامج يدسح لشا  STATISTICAجيجا ىختد(.  5جيجا ىختد و  1.4والطيف الخاديهي )عشج التخددات 
 اً بإجخاء ىحا التحميل الإحرائي. إن وجهد نطاق عالٍ من نذاط تكهين الشجهم في ىحه السجخات يعتسج خطي

ات بين الزيائيات في ىحه السجخات. تظيخ الشتائج التي تهصمشا إلييا الى أن الزيائية الخاديهية عمى الارتباط
مختبطان ارتباطًا وثيقًا بزيائية خط انبعاث اول أكديج الكخبهن. علاوة  LFIRالحخاري وتحت الحسخاء البعيجة 

الانحجار ، حيث يداوي ميل ليسا علاقة خطية شجيجة  MH2و كتمة الغاز الجديئي  LCOعمى ذلك ، فإن 
 LFIR-SFRو  LCO-SFRالانحجار بيشيسا الى الهاحج. ووفقًا لمتحميل الاحرائي  وجج ان ميل العلاقة بين 

 3.5وارتباط جيج قجره  LCO-SFRبين  3.70( ، مع ارتباط معشهي قهي قجره 1خطية تقخيبًا )ميل الانحجار ~ 
( وغاز الييجروجين في السجخات الحمدونية SFRالشذهء الشجسي ). يعتبخ الارتباط بين معجل  LFIR-SFRبين 

تم التأكيج عمى الشقطة السيسة في الجراسة الحالية وىي أن  لك،ميسًا في العجيج من مجالات الفيدياء الفمكية. لح
ىه أنو ( لدبب بديط Mgasوالكسية الكمية الفعمية من غاز الييجروجين البارد ) SFRىشاك ارتباطًا كبيخًا بين 

مخات أكبخ من الكسية الغازية  6في تحميمشا لمسجخات الحمدونية ، وجج ان متهسط كسية الغاز البارد الحري تقخيبًا 
 .الجديئية

1. Introduction 

       Extragalactic spirals have radio characteristics that can be observed in spectrum of radio 

region including spectral lines of hydrogen in addition, to ordinary molecules, like carbon 

monoxide spectroscopy, since the optical spiral arms are circumscribed by regions that 

generate stars [1]. The primary condensation and breakup of giant molecular clouds to thick 

accretion a disk including molecular clouds, that molecular interstellar medium plays an 

important part in star formation. So, the total mass of molecular gas in a galaxy is an 

important factor in determining star formation [2]. Even though, H2 presents up at least 99 % 

of the molecular gas, it is difficult to detect directly in most of the molecular medium due to 

the absence of a stable dipole moment as well as its cold temperature, which is below the 

excited energy. As a consequence, observing the molecular gas is reliant on other molecules, 

especially CO, which is easily visible even in the thinnest molecular gas. To study interstellar 

molecular gas, the CO emission lines, especially the transition J = 1--0 at νCO(1-0) = 115 GHz, 

can be compared to the 21 cm line. Carbon monoxide is the simplest molecule present in each 

molecular dust of the Milky Way, including any galaxy at any redshift, and it is utilized to 

calculate the masses of molecular gas systematically [2].   

The molecular hydrogen is highly intertwined with atomic hydrogen, and the total amount of 

gas MH2+MHI is the most significant quantity for the evolution and formation of spiral 

galaxies including, in some way, star formation. Atomic gas (HI) and molecular gas are 

inextricably connected. Due to the continuous exchange between HI and H2, the gas must be 

fully studied, as well as its dynamics, transport characteristics, including interchanges 

alongside the intergalactic medium and interior regions, and concentration processes that lead 

to star formation and the effect of reactions on the gas [2]. Far-infrared luminosities of LFIR ≈ 

10
13

Lʘ are observed in the majority of CO-detected sources. In local ultra-luminous infrared 

galaxies (ULIRGs), there exist a trend of higher values for the ratio of Far-infrared luminosity 

to CO radiance compared to the association between CO and FIR luminosities [3]. Interstellar 

gas must be studied at galactic measures to understand the composition and dynamics of 

galaxies, as well as how stars form. Apart from interstellar dust extinction, the bulk of the 

interstellar medium is inaccessible to optical astronomy due to the absence of emission at low 

temperatures, a lack of adequate visual absorption bands, and absorption line obscuring 

caused by massive dust extinction [4].  

Several studies focused on galaxies were being conducted to investigate the properties of CO 

line emission in galactic centers and disks. Using single-dish extragalactic spectra synthetic 

emission, Lavezzi & Dickey (1997) investigated disk resolution testers, calculated 

distributions of gas density, and opacity to assess if CO line widths for use in the Tully- 

Fisher relationship are correct. Researchers used an HI of 21 cm line, confined gas density 
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distributions, and opacity on extragalactic spirals spectra instead of an HI of 21 cm line to 

view if CO line widths were appropriate for use in the Tully-Fisher relation [5]. Boselli et al. 

(2002) analyzed the relationship between the H2 to CO conversion factor and galactic 

parameters including UV, metallicity, and blue optical and near-infrared luminosities. The 

relationship between star formation activity and total mass of gas MH2 + MHI has been 

discovered, with the understandable reason that for spirals, the mean MH2/MHI effect is 

nearly constant. [6]. 

In the following study [7], the researchers concentrated on knowledge of the large mass of H2 

traced by CO millimeter emission in regular molecular clouds. In the external galactic disk, an 

even greater mass of H2 may be obscured as incredibly cold hydrogen. Since the first 

extragalactic CO surveys, there has been a clear correlation between CO flux energy (ICO) and 

both radio continuum and Far-infrared luminosities. Making this association quantitative with 

SFR, except for non-starburst galaxies, poses many challenges, including the most critical 

case of spiral galaxies as exhibited in [8]. CO line intensity studies of molecular gas in 

galaxies bars, as demonstrated by Jogee et al. (2005), are critical for understanding their 

structure and dynamics, as well as their effect on the rate of star formation in the nuclear 

surroundings [9]. The author Al Najm (2020) discussed the physical properties of a sample of 

65 CO(J=1-0) line spectra of extragalactic (normal and active galaxies), which are 

characterized by the effectiveness of stellar evolution. These galaxies have a large molecular 

mass as well as a large star formation activity per unit “mass”, according to the findings [10]. 

This paper is structured as ensues: in Parts 2 and 3, we explain the sample and also the 

physical parameters derived from spectral information and used in the study. Part 4 delves 

into the results of the analyses. A summary is given in the final part. 

2.     Data Collection for Sample Observations 

NASA /IPAC Extragalactic Database (NED) mission archives website was used to extract 

some parameters such as infrared fluxes at near, medium, and far beams F12, F25, F60, & 

F100 in the unit (Jy) within the wavelengths (12, 25, 60 and 100) µm, radio continuum flux at 

1.4 GHz (λradio=21 cm) & 5 GHz (λradio=6 cm)  and redshift (z). French website Lyon-

Meudon Extragalactic Database (hyperLeda) was used to extract some parameters such as the 

magnitude of neutral hydrogen (HI) line at the 21 cm, the morphological type of galaxies, the 

angular diameters, and blue apparent magnitude (mBtc) galactic extinction correction. The 

literature papers [11,12,13] were used to collect the flux-limited at the carbon monoxide line 

transitions ICO (
12

CO J=0-1) radiation, as well as extracted half-power beam width (θHPBW in-

unit arcsec) for radio telescopes were detectable at rest frequency νrest ≈115.27 GHz (λrest 

=2.6086 mm): IRAM (at 30 m), BTL (at 7 m), FCRAO (at 14 m), MRT (at 2048 m), NRAO 

(at 12 m), NRAO (at 45 m), SEST (at 15 m). The total number of 
12

CO(1−0) line detected 

spiral galaxies is 140. The physical parameters (name galaxy, the morphology of spiral 

galaxies, m21, z, mBtc, ICO(J=1-0), θHPBW, F12, F25, F60, F100, and radio fluxes at ν=1.4GHz 

& ν=5GHz ) of any chosen galaxy are noted in Table(1). 
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Table 1- Obtaining data for the parameters adopted in our study from works of literature 

[11,12 &13], NASA/IPAC Extragalactic archive (NED), and Lyon-Meudon Extragalactic 

Database website (HyperLeda). 

NO. 

NAME 

GALA
XIES 

TYPE 
TELE

SCOP

E 

ICO(1

-0) 

K 
KM/

S) 

ΘHPB

W 

(AR
CSE

C) 

Refere
nces 

Of 

Collect
ed 

Data 

From 
Colum

ns 2  
To  4 

M21 
MBT

C 
Z 

F12 

(JY) 

F25 

(JY) 

F60 

(JY) 

F10

0 
(JY) 

F1.4  

(JY) 

F6C

M 

(MJ

Y) 

MORP

HOLO

GICA
L 

TYPE 

1.  
NGC 

157 

NAR

O 
8 65 11 

13.

3 
10.4 

0.00

551 
1.61 2.17 

17.9

3 

42.4

3 

0.13

66 
57 

SAB(r

s)bc 

2.  
NGC 

253 

NAR

O 
8.4 102 11 

10.

35 
6.62 

0.00

081 

41.0

4 

154.

67 

967.

81 

128

8.15 

2.99

47 

243

3 

SAB(s

)c 

3.  
NGC 
520 

NAR
O 

21.2 45 11 
14.
56 

11.6
7 

0.00
761 

1.07 3.08 
31.6
2 

47.7
6 

0.17
69 

126 Sa 

4.  
NGC 

613 

NAR

O 
18 65 11 

13.

68 

10.5

1 

0.00

494 
2.25 4.32 

27.3

8 

59.2

1 

0.17

96 
101 

SB(rs)

bc 

5.  
NGC 
660 

NAR
O 

14 65 11 
12.
44 

11.2
6 

0.00
283 

3.05 7.3 
65.5
2 

114.
74 

0.37
38 

184 SB(s)a 

6.  
NGC 

992 

NAR

O 
6.5 45 11 

14.

64 

14.6

4 

0.01

381 
0.56 1.76 11.4 

16.7

2 

0.08

23 
39 S 

7.  
NGC 
1058 

BTL 0.77 102 11 
13.
08 

11.2
4 

0.00
173 

0.22
5 

0.16
76 

2.64
7 

8.73
8 

0.00
69 

 
SA(rs)
c 

8.  
NGC 

1068 

NAR

O 
51 65 11 

13.

91 
9.47 

0.00

379 

39.8

4 

87.5

7 

196.

37 

257.

37 
4.85 

203

9 

RSA 

(rs)b 

9.  
NGC 

1097 

NAR

O 
10 65 11 

12.

48 
9.69 

0.00

424 
4.16 9.27 

58.2

9 

114.

82 

0.41

3 
126 

SB 

(s)b 

10.  
NGC 
1961 

BTL 7 102 11 
13.
22 

10.9
7 

0.01
312 

0.9 0.99 7.17 
23.3
7 

0.17
71 

57 
SAB 
(rs)c 

11.  
NGC 

2403 

NAR

O 
4.4 65 11 

10.

22 
8.13 

0.00

044 
3.34 6.29 

51.5

5 

48.4

9 
0.33 46 

SAB 

(s)cd 

12.  
NGC 
2623 

NAR
O 

4.8 65 11 
16.
69 

13.0
6 

0.01
851 

0.21 1.81 
23.7
4 

25.8
8 

0.09
62 

59 Sb 

13.  
NGC 

2903 

NAR

O 
24 65 11 

11.

99 
8.83 

0.00

183 
5 7.64 

52.3

8 

47.3

6 

0.44

83 
118 

SAB(r

s)bc 

14.  
NGC 

3227 

NAR

O 
4.4 65 11 

14.

26 
11.1 

0.00

386 
1.11 2.04 9.01 

19.1

1 

0.10

07 
44 

SAB 
(s)a 

pec 

15.  
NGC 

3504 

NAR

O 
15 65 11 

15.

65 

11.4

4 

0.00

509 
1.11 4.03 

21.4

3 

34.0

5 

0.27

52 
115 

RSAB(

s)ab 

16.  
NGC 
3628 

NAR
O 

27 65 11 
11.
88 

9.15 
0.00
281 

3.13 4.85 54.8 
105.
76 

291.
7 

276 Sb/pec 

17.  
NGC 

3642 
BTL 0.82 102 11 

13.

12 

11.5

4 

0.00

53 

0.12

72 

0.09

902 

1.43

6 

4.57

7 

0.03

43 
 

SA(r)b

c 

18.  
NGC 
3690 

NAR
O 

3.1 45 11  
11.4
1 

0.01
041 

3.9 
24.1
4 

121.
64 

122.
45 

0.67
81 

398 Sm 

19.  
NGC 

4051 

NAR

O 
3.9 65 11 

13.

67 

10.4

4 

0.00

234 
1.35 2.2 

10.5

3 

24.9

3 

0.09

81 
31 

SAB(r

s)bc 

20.  
NGC 

4102 

NAR

O 
9.2 65 11 

15.

01 

11.6

2 

0.00

282 
1.77 6.83 

46.8

5 

70.2

9 

0.27

34 
70 

SAB(s

)b 

21.  
NGC 

4237 

FCRA

O 
2.3 45 11 

16.

1 

11.9

5 

0.00

289 

0.26

93 

0.32

1 

2.76

4 

9.18

9 

0.00

77 
 

SAB(r

s)bc 

22.  
NGC 

4254 

FCRA

O 
17.6 45 11 

12.

71 

10.1

7 

0.00

803 
3.67 4.38 

37.4

6 

91.8

6 

0.43

9 
108 SA(s)c 

23.  
NGC 
4293 

FCRA
O 

4.4 45 11 
17.
66 

10.7
6 

0.00
298 

0.24 0.64 3.86 7.72 
0.01
93 

11 
RSB(s)
0/a 

24.  
NGC 

4303 

NAR

O 
7 65 11 

12.

82 

10.0

2 

0.00

522 
3.28 4.9 

37.2

7 

78.7

4 

0.43

58 
178 

SAB(r

s)bc 

25.  
NGC 
4388 

FCRA
O 

2.9 45 11 
15.
35 

10.7
7 

0.00
842 

1.01 3.57 
10.2
7 

17.1
5 

0.12
04 

93 SA(s)b 

26.  
NGC 

4438 

FCRA

O 
4.2 45 11 

15.

09 

10.6

1 

0.00

024 

0.20

89 

0.17

43 

3.76

1 

11.2

7 

0.06

42 
70 

SA(s)0

/a pec 

27.  
NGC 

4501 

FCRA

O 
15.4 45 11 

13.

82 
9.62 

0.00

761 
2.29 2.98 

19.6

8 

62.9

7 

0.27

7 
85 Sa(rs)b 

28.  
NGC 

4527 
BTL 15.5 102 11 

12.

88 

10.3

7 

0.00

579 
2.65 3.55 31.4 

65.6

8 

0.17

8 
151 

SAB(s

)bc 

http://leda.univ-lyon1.fr/leda/param/bt.html
http://leda.univ-lyon1.fr/leda/param/bt.html
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29.  
NGC 

4535 

FCRA

O 
5.4 45 11 

12.

91 

10.4

1 

0.00

655 
1.04 1.34 

11.4

5 

32.5

2 

0.10

6 
38 

SAB(s

)c 

30.  
NGC 

4571 

FCRA

O 
2 45 11 

14.

94 

11.6

6 

0.00

114 

0.12

21  

1.09

6 

5.78

2 

0.00

5 
 

SA 

(r)d 

31.  
NGC 
4631 

NAR
O 

9 65 11 
11.
04 

7.99 
0.00
202 

6.81 
11.2
4 

99.6
9 

193.
26 

448.
6 

438 SB(s)d 

32.  
NGC 

4654 

FCRA

O 
9.8 45 11 

13.

16 

10.4

8 

0.00

349 
1.01 1.73 

13.3

9 

37.7

7 

0.12

3 
44 

SAB(r

s)cd 

33.  
NGC 

4698 

FCRA

O 
1.7 45 11 

13.

73 

10.9

5 

0.00

337   

0.25

79 

1.86

4 

0.00

2 
 

SA(s)a

b 

34.  
NGC 

4736 

NAR

O 
4.6 65 11 

13.

39 
8.54 

0.00

103 
5.07 6.11 

71.5

4 

120.

69 

0.00

889 
117 

RSA(r)

ab 

35.  
NGC 

4826 

NAR

O 
12 65 11 

13.

39 
8.71 

0.00

136 
1.71 2 

33.8

6 

77.3

8 

0.10

11 
56 

RSA(r

s)ab 

36.  
NGC 
4868 

BTL 0.98 102 11 
16.
21 

12.7
8 

0.01
556 

0.23
41 

0.42
39 

3.23
8 

8.55
2 

0.02
76 

 SAb 

37.  
NGC 

5194 

NAR

O 
3 65 11 

12.

16 
8.34 

0.00

154 
7.21 9.56 

97.4

2 

221.

21 

0.43

03 
436 

SA(s)b

c pec 

38.  
NGC 
5248 

NAR
O 

19 65 11 
12.
94 

10.3
9 

0.00
384 

1.75 3.02 
20.9
1 

53.4
8 

0.16
03 

68 
SAB(r
s)bc 

39.  
NGC 

5457 

NAR

O 
2 65 11 

10.

41 
8.29 

0.00

08 
6.2 

11.7

8 

88.0

4 

52.8

4 
0.75 051 

SAB(r

s)cd 

40.  
NGC 

5921 
BTL 1.86 102 11 

13.

94 

11.2

2 

0.00

494 

0.20

88 

0.24

88 

2.91

2 

10.2

1 

0.02

42 
 

SB 

(r)bc 

41.  
NGC 

6240 

NAR

O 
9.8 65 11 

16.

14 

13.2

6 

0.02

448 
0.59 3.55 

22.9

4 

26.4

9 

0.42

72 
179 S0-a 

42.  
NGC 

6412 
BTL 0.45 102 11 

14.

24 

12.0

8 

0.00

438 
0.29 0.25 2.71 7.78 

0.02

49 
 SA(s)c 

43.  
NGC 
6500 

NAR
O 

3.9 65 11 
14.
66 

12.4
9 

0.01
002 

0.10
07 

0.10
05 

0.64
24 

2.54
8 

0.18
29 

176 SAab 

44.  
NGC 

6814 

NAR

O 
2.5 45 11 

13.

84 

10.3

5 

0.00

521 
0.92 1.04 6.53 

19.6

7 

0.05

19 
 

SAB(r

s)bc 

45.  
NGC 
6951 

NAR
O 

6 65 11 
13.
94 

10.0
5 

0.00
475 

1.34 2.16 
16.2
4 

41.7
7 

0.07
04 

32 
SAB(r
s)bc 

46.  
NGC 

7371 
BTL 0.8 102 11 

14.

09 

12.3

6 

0.00

895      
 

RSA 

(r)0/a 

47.  
NGC 

7674 

NAR

O 
4.1 65 11 

15.

31 

13.5

9 

0.02

892 
0.68 1.92 5.36 8.33 

0.22

14 
86 

SA 

(r)bc 
pec 

48.  
NGC 

7742 
BTL 1.5 102 11 

15.

08 

12.0

1 

0.00

555 
0.2 0.38 2.79 7.11 

0.02

72 
 

SA 

(r)b 

49.  
NGC 
7793 

NAR
O 

3 65 11 
11.
88 

9.19 
0.00
077 

1.32 1.67 
18.1
4 

54.0
7 

0.10
3 

 
SA(s)d
m 

50.  IC 342 BTL 1.1 102 11 
8.0

3 
6.14  

14.9

2 

34.4

8 

180.

8 

391.

66 

0.19

19 
124 

SAB(r

s)cd 

51.  
IC 
4553 

BTL 1.8 102 11 
14.
24 

13.3
8 

0.01
813 

0.61 8 
104.
09 

115.
29 

0.32
68 

204 Sm 

52.  

ESO 

056- G 

115 

AAT 15 228 11 
2.7
1 

0.41 
0.00
093 

278
1.9 

782
4.19 

8291
7 

184

686.

7 

426  
SB(s)
m 

53.  
UGC 
8965 

BTL 0.32 102 11 
17.
54 

15.5 
0.00
681      

 Sd 

54.  IC 750 IRAM 58 23 12 
14.

19 

12.3

3 

0.00

234     

0.12

67 
50 SAb 

55.  
NGC 
278 

IRAM 18 23 12 
13.
4 

10.8
5 

0.00
209 

1.65 2.65 
25.0
3 

44.4
6 

0.14
22 

63 SABb 

56.  
NGC 

628 
IRAM 4.1 23 12 

11.

56 
9.35 

0.00

219 
2.45 2.87 

21.5

4 

54.4

5 

0.17

3 
34 Sc 

57.  
NGC 

0864 
IRAM 6 23 12 

12.

9 

11.1

3 

0.00

521 
0.56 0.32 4.31 

10.0

2 

0.02

97 
 SABc 

58.  
NGC 

0891 
IRAM 96 23 12 

12.

13 
9.7 

0.00

176 
5.27 7 

66.4

6 

172.

23 

0.24

22 
342 Sb 

59.  
NGC 

0925 
IRAM 1.9 23 12 

11.

76 
9.77 

0.00

185 
0.26 0.66 7.65 

26.6

8 

0.01

09 

462

.1 
Scd 

60.  
NGC 
1042 

IRAM 2.9 23 12 
13.
44 

11.0
5 

0.00
457 

0.10
03 

0.22
07 

1.57 
5.88
9  

 SABc 

61.  
NGC 

1055 
IRAM 46 23 12 

12.

59 

10.8

4 

0.00

331 
2.24 2.84 

23.3

7 

65.2

6 

0.20

09 
63 SBb 

62.  
NGC 
1084 

IRAM 31 23 12 
13.
31 

10.7
6 

0.00
469 

1.96 3.2 
29.4
1 

58.6
4 

0.31
5 

121 Sc 

63.  
NGC 

1087 
IRAM 15 23 12 

14.

08 

10.9

8 

0.00

506 
0.97 1.41 

12.1

6 

27.9

8 

0.13

6 
45 Sc 
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64.  
NGC 

1637 
IRAM 13 23 12 

13.

16 

11.2

7 

0.00

239 
0.65 1.47 6.61 

15.7

1 

0.01

66 
 Sc 

65.  
NGC 

2146 
IRAM 118 23 12 

13.

23 
9.99 

0.00

298 
7.36 

21.6

6 

154.

12 

217.

44 

1.07

45 
 SBab 

66.  
NGC 
2681 

IRAM 30 23 12 
18.
38 

11.0
4 

0.00
231 

0.43 0.58 7.14 
11.2
2 

0.01
02 

 S0-a 

67.  
NGC 

2715 
IRAM 7.6 23 12 

13.

74 

11.1

2 

0.00

447 

0.18

22 

0.16

2 

1.83

9 

10.1

6 

0.02

72 
 SABc 

68.  
NGC 

2820 
IRAM 9.8 23 12 

13.

43 

11.3

6 

0.00

525 

0.20

01 

0.25

15 
4.34 10.3 

0.04

81 
 SBc 

69.  
NGC 

2841 
IRAM 6 23 12 

12.

19 
9.54 

0.00

213 
0.9 0.83 4.41 

24.2

1 

0.03

59 
33 SBb 

70.  
NGC 

2964 
IRAM 25 23 12 

14.

35 

11.7

5 

0.00

443 
0.82 1.92 

12.0

7 

25.4

2 

0.10

66 
32 SBc 

71.  
NGC 
2985 

IRAM 12 23 12 
12.
97 

10.9
6 

0.00
441 

0.9 0.86 6.31 
21.2
8 

0.04
41 

 SAb 

72.  
NGC 

3079 
IRAM 212 23 12 

12.

77 
9.97 

0.00

372 
2.54 3.61 

50.6

7 

104.

69 

0.77

07 
327 SBc 

73.  
NGC 
3187 

IRAM 3.5 23 12 
15.
09 

12.8
4 

0.00
527     

0.00
26 

 SBc 

74.  
NGC 

3198 
IRAM 11 23 12 

12.

17 
9.94 

0.00

22 
0.71 1.08 7.15 

18.4

4 

0.03

84 
 Sc 

75.  
NGC 

3310 
IRAM 3.6 23 12 

13.

29 

11.1

5 

0.00

331 
1.54 5.32 

34.5

6 

44.1

9 

0.36

42 
149 SABb 

76.  
NGC 

3344 
IRAM 4.3 23 12 

12.

2 

10.3

2 

0.00

194 
1.04 1.42 9.9 

29.2

1 

0.08

02 
77 SBc 

77.  
NGC 

3351 
IRAM 17 23 12 

13.

5 

10.1

4 

0.00

26 
1.04 2.79 

19.6

6 
41.1 

0.04

36 
 Sb 

78.  
NGC 
3359 

IRAM 3 23 12 
12.
27 

10.7
5 

0.00
338 

0.43 0.61 6.61 
17.3
8 

0.03
91 

 Sc 

79.  
NGC 

3368 
IRAM 35 23 12 

12.

99 
9.74 

0.00

299 
0.98 0.51 

10.5

1 

31.6

3 

0.03

16 
 SAb 

80.  
NGC 
3486 

IRAM 7 23 12 
12.
57 

10.7
2 

0.00
227 

0.62 0.24 6.26 
16.4
2 

0.05
47 

57 Sc 

81.  
NGC 

3627 
IRAM 90 23 12 

13.

37 
9.09 

0.00

243 
4.82 8.55 

66.3

1 

136.

56 
0.46 141 Sb 

82.  
NGC 

3810 
IRAM 12 23 12 

13.

59 
10.8 

0.00

331 
1.46 1.62 

13.6

3 

35.0

7 

0.12

79 
46 Sc 

83.  
NGC 

4274 
IRAM 10 23 12 

15.

2 

10.8

6 

0.00

31 

0.31

19 

0.42

88 

4.35

2 

13.2

8 

0.00

125 
 SBab 

84.  
NGC 

4314 
IRAM 24 23 12  

11.2

8 

0.00

321 

0.16

5 

0.36

17 

3.78

8 
7.14 

0.01

41 
 Sa 

85.  
NGC 
4321 

IRAM 78 23 12 
13.
16 

9.83 
0.00
524 

2.52 3.1 26 
68.3
7 

0.08
71 

90 SABb 

86.  
NGC 

4414 
IRAM 57 23 12 

13.

24 

10.4

9 

0.00

239 
2.78 3.61 

29.5

5 

70.6

9 

0.24

22 
78 Sc 

87.  
NGC 
4565 

IRAM 12 23 12 
11.
34 

8.97 
0.00
41 

1.36 1.36 7.79 
34.6
2 

0.05
83 

2.5 Sb 

88.  
NGC 

4651 
IRAM 6 23 12 

13.

27 

10.9

5 

0.00

263 
0.47 0.66 5.94 

16.5

6 

0.03

52 
700 Sc 

89.  
NGC 

5005 
IRAM 76 23 12 

14.

53 
9.7 

0.00

316 
1.65 2.26 

22.1

8 
63.4 

0.18

27 
62 SABb 

90.  
NGC 

5033 
IRAM 21 23 12 

12.

29 

10.0

8 

0.00

292 
1.77 2.14 16.2 

50.2

3 

0.12

28 
82 Sc 

91.  
NGC 

5112 
IRAM 1.7 23 12 

13.

63 
12.2 

0.00

325  

0.17

96 

1.86

3 

6.04

9 

0.01

73 
 SBc 

92.  
NGC 

5364 
IRAM 5 23 12 

13.

09 
10.5 

0.00

414  

0.18

97 

2.27

3 

12.0

5 

0.01

13 
 SBc 

93.  
NGC 

5907 
IRAM 32 23 12 

11.

99 
9.71 

0.00

222 
1.29 1.44 9.14 

37.4

3 

0.16

7 
35 SABc 

94.  
NGC 
6015 

IRAM 5.1 23 12 
13.
01 

10.9
3 

0.00
276 

0.6 0.7 4.42 
13.7
4 

0.02
01 

 Sc 

95.  
NGC 

6217 
IRAM 19 23 12 

13.

36 

11.4

6 

0.00

454 
0.74 2.03 

11.3

5 

20.6

2 

0.08

08 
 SBc 

96.  
NGC 
6384 

IRAM 7.6 23 12 
13.
12 

10.5
5 

0.00
555 

0.18
81 

0.19
08 

2.28
7 

13.0
7 

0.01
74 

 SBc 

97.  
NGC 

7217 
IRAM 10 23 12 

14.

97 

10.5

4 

0.00

318 
0.63 0.68 6.1 

20.9

1 

0.01

78 
 SAb 

98.  
NGC 

7331 
IRAM 38 23 12 

12.

08 
9.19 

0.00

272 
3.94 5.92 45 

110.

16 

0.32

9 
96 SBc 

99.  
NGC 
7640 

IRAM 2.3 23 12 
11.
76 

9.99 
0.00
123 

0.16 
 

3.7 
11.4
5 

0.01
68 

 Sc 
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100.  
NGC 

7741 
IRAM 1.1 23 12 

13.

48 

11.1

6 

0.00

25  

0.22

65 

2.27

4 

6.98

4 

0.01

84 
 SBc 

101.  
NGC 

0834 
MRT 28.1 24 13 

15.

77 

13.1

4 

0.01

532 
0.41 0.84 6.65 

12.7

7 

0.06

21 
 Sb 

102.  
NGC 
0877 

MRT 12.2 24 13 
14.
02 

11.8
2 

0.01
305 

1.14 1.94 
11.8
2 

25.5
6 

0.10
99 

38 SABc 

103.  
NGC 

0935 
MRT 12.4 24 13 

14.

62 
12.6 

0.01

382 

0.26

06 

0.28

81 

3.13

8 

9.52

8 

0.05

51 
 Sc 

104.  
NGC 

1134 
MRT 41.6 24 13 

13.

6 

11.7

5 

0.01

214 
0.55 0.92 9.09 

16.4

3 

0.15

5 
32 Sb 

105.  
UGC 

02627 
MRT 2.7 24 13 

14.

67 

12.9

7 

0.01

409 

0.24

34 

0.29

61 

3.10

5 

9.11

4 

0.02

16 
 Sc 

106.  
UGC 

02936 
MRT 36 24 13 

14.

95 

12.0

8 

0.01

272 
0.29 0.49 4.65 

11.1

5 

0.03

74 
 Sc 

107.  
ESO 
118-

G16 

SEST 4.6 45 13 
15.

43 

12.2

3 

0.00

378 
0.49 0.76 6.06 

12.6

7  

12.

9 
SBc 

108.  
NGC 
2339 

MRT 47.2 24 13 
14.
2 

11.7
7 

0.00
736 

0.59 2.4 17.6 
31.8
2 

0.10
86 

34 SBc 

109.  

ESO 

492-

G2 

SEST 4.6 45 13 
13.

38 

11.6

3 

0.00

864 
0.41 0.79 7.94 

14.8

8 

0.10

14 
 Sb 

110.  
NGC 
2276 

MRT 18 24 13 
14.
29 

11.3
6 

0.00
806 

1.48 2.23 
14.1
5 

31.5
8 

0.26
92 

 SABc 

111.  
NGC 

2397 
SEST 14.4 45 13 

14.

92 

11.0

9 

0.00

455 
0.73 1.08 8.48 

19.1

8  
 SBb 

112.  
ESO 
493-

G16 

SEST 21.9 45 13 
12.

41 

12.6

9 

0.00

884 

0.82

6 

1.32

5   

0.11

83 
 SBc 

113.  
NGC 

2640 
SEST 4.2 45 13  

10.7

7 

0.00

351 
0.32 0.4 4.27 

11.4

3  
43 E-S0 

114.  
ESO 
563-

G28 

SEST 9.8 45 13 
15.

61 

12.5

3 

0.00

872 
0.36 0.81 8.21 

15.8

4 

0.06

16 
 SBab 

115.  
NGC 
2706 

SEST 6 45 13 
15.
41 

12.9
1 

0.00
544 

0.56 0.59 6.64 
14.0
1 

0.05
29 

18.
9 

SBc 

116.  
NGC 

2967 
SEST 9.3 45 13 

13.

46 

11.7

9 

0.00

632 
0.64 1.09 5.69 

14.4

8 

0.15

5 
49 Sc 

117.  

ESO 

500-
G34 

SEST 4.4 45 13 
15.

98 

13.9

9 

0.01

222 
0.38 1.43 

10.4

6 

16.0

1 

0.05

78 
 S0-a 

118.  

ESO 

317-
G23 

SEST 9.5 45 13  
13.1

6 

0.00

965 
0.34 0.89 

13.8

3 

23.0

8 

0.07

57 
 Sa 

119.  
NGC 

3278 
SEST 5.9 45 13 

15.

64 

12.4

5 

0.00

988 
0.59 0.91 7.1 

14.6

6 

0.06

17 
 Sc 

120.  
NGC 

3366 
SEST 5 45 13 

14.

39 

11.0

2 

0.00

965  

0.17

82 

3.25

2 

10.2

7  
 SBb 

121.  
ESO 
093-

G03 

SEST 4.3 45 13 
13.

3 

12.1

5 

0.00

611 
0.67 1 

10.0

5 

17.8

9  
35 S0-a 

122.  
NGC 
3655 

SEST 9.9 45 13 
14.
79 

11.9
3 

0.00
491 

0.65 1.12 8.48 
19.7
5 

0.06
72 

 Sc 

123.  
NGC 

3800 
MRT 20 24 13 

15.

79 
12.2 

0.01

105     

0.05

01 
 SABb 

124.  
NGC 

3882 
SEST 7.8 45 13 

13.

86 

10.5

4 

0.00

611 
1.51 2.67 

19.8

4 

37.3

8  
95 SBbc 

125.  
NGC 

3987 
MRT 37.3 24 13 

15.

14 

12.9

7 

0.01

502 

0.21

08 

0.34

3 

4.77

6 

15.0

6 

0.05

76 
 SBb 

126.  
NGC 

4746 
SEST 4.6 45 13 

14.

59 

12.2

4 

0.00

595 

0.37

82 

0.51

78 
4.98 

12.2

4 

0.05

56 
 Sb 

127.  
NGC 
4808 

MRT 11.3 24 13 
13.
02 

11.5
3 

0.00
253 

0.62 0.74 6.92 
16.0
5 

0.06
24 

 SABc 

128.  
NGC 

4900 
MRT 7.3 24 13 

14.

49 

11.7

5 

0.00

32 
0.49 0.76 5.97 

13.9

6 

0.04

67 
 Sc 

129.  
NGC 
5156 

SEST 8 45 13 
14.
38 

11.7
9 

0.00
997 

0.29
54 

0.44
5 

4.13
2 

10.4
1  

 SBb 

130.  
NGC 

5600 
SEST 4.9 45 13 

15.

42 
12.8 

0.00

773 
0.35 0.72 5.44 

11.6

8 

0.03

83 
 SABc 

131.  

ESO 

272-
G14 

SEST 11.5 45 13 
14.

49 

11.2

1 

0.00

654 
1.4 2.33 

19.1

3 

38.0

7 

0.18

9 
100 SABb 
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132.  

ESO 

272-

G23 

SEST 4.3 45 13 
14.

45 

12.2

2 

0.00

956 

0.25

8 

0.35

98 

4.07

9 

10.7

3  
 Sc 

133.  
NGC 
5719 

MRT 42.6 24 13 
13.
65 

12.7
1 

0.00
578 

0.52 1.09 8.61 
17.9
6 

0.05
87 

 SABa 

134.  

ESO 

223-

G12 

SEST 5.9 45 13 
13.
71 

11.1
2 

0.00
483  

0.33
1 

4.43
6   

 SBc 

135.  
NGC 
6215 

SEST 10 45 13 
13.
05 

11.0
8 

0.00
522 

1.94 3.53 
29.9
7 

47.5
5 

0.05
4 

110 Sc 

136.  

ESO 

282-

G03 

SEST 7.2 45 13 
14.
5 

11.9
5 

0.01
695 

0.23
57 

0.33
42 

3.34
4 

9.91
7  

 Sc 

137.  
NGC 

6753 
SEST 13.9 45 13 

14.

45 
11.5 

0.01

057 
0.94 0.98 9.79 

27.1

4  
35 Sb 

138.  

ESO 

467-
G27 

SEST 7.1 45 13 
14.

71 

12.7

8 

0.01

74 
0.44 0.58 5.58 

12.4

8 

0.05

24 
 SABb 

139.  

ESO 

346-

G22 

SEST 1.7 45 13 
14.
22 

12.1
7 

0.00
431 

0.17
8 

0.46
33 

4.13
1 

11.2
9  

 SBc 

140.  
NGC 

7448 
SEST 5.9 45 13 

14.

02 

11.1

6 

0.00

732 
0.45 0.77 8.88 

17.8

9 

0.08

34 
 Sc 

 

3. The  Computed Parameterization 

Carbon monoxide CO is the most common compound in the interstellar medium. A rotating 

molecule of carbon monoxide, for example, emits dipole radiation at the frequency of its 

rotation, as follow [14]:  

  
  
   

                              

where    and a is the circumrotation speed of the molecule and its length (C separator and O 

atoms). The lowest frequency of the rotational transition from J = 1 to the ground level J = 0 

for the CO line intensity is approximately νJ=1-0= 115 GHz or λ J=1-0=2.6 mm [04]. The 

following variables were computed separately: 

-0   To calculate the total H2 mass ( MH2), we began to calculate the CO radiance by 

combining the CO(1-0) line intensity across the speed profile. The luminance of the CO 

line is generally displayed in units of K.km/s.pc
2
 as a result of the reference integrated 

velocity illumination temperature (Tb ∆v) and the source area Ωs DA
2
, where Ωs is the solid 

angle that the source takes. The intensity of the observed integral line ICO = ∫ Tmb dv, which 

decreases with redshift, measures the brightness weak temperature of the beam. If so, it is 

referred to as the main temperature beam Tmb, which is roughly equal to the cloud 

temperature Tb brightness [15, 06]: 

Tb ∆v Ωs = 23.5 ICOΩsb(1+z)…………………………………………..(2) 

where Ωsb is the source's solid angle when coiled with the telescope beam. Therefore, the 

CO(1-0) line intensity luminosity is given by  

LCO
 = Tb ∆v Ωs DA

2
 ………………………………………………….…(3) 

The luminosity distance D in the unit (Mpc) to the moving source by the redshift (z) 

can be viewed from the following [15, 06]: 

D = DA (1 + z)
2
 ………………………………………..……………..(4) 

where DA  is the angular size distance. According to the NASA /IPAC Extragalactic 

Database site (NED), we adopt a Hubble constant of H0 = 100 h km s-1/ Mpc with 

uncertainty in the Hubble constant scale h=0.678 ±5 and cosmological parameters 

Ωmatter=0.308 and Ωvacuum =0.692. In cosmology, the luminosity distance and the angular size 

have been calculated using the website (http://www.astro.ucla.edu/~wright/CosmoCalc.html). 

By substituting  equations (2 & 4) in the expression equation (3), then, the CO line luminosity 

(LCO) for a source takes the form: 
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      is measured in unit K. k         ……….(5) 

where ICO is the line intensity by unit K km s
−1

 and beams solid angle of radio telescope Ωsb 

           
   

Hence, equation (5) can be rewritten as follows: 

                   
   

      
………………………………………….....(6) 

or the equation (6) can be written in the form of a logarithm: 

Log   =1.424+Log                                  …………..(7) 

2- Molecular hydrogen gas content (MH2) in unit solar mass (Mʘ) is estimated from the 
12

CO(J=1-0) integrated intensity using the following equation[17]: 

              
       

                         8) 

A logarithmic scale of MH2 in the unit (Mʘ) can be computed as ensues: 

Log     (Mʘ) =1.99+2Log      +Log    +2LogD……………………..……(9) 

3- Infrared Luminosity     was determined utilizing the usual definitions of the luminosity 

distance D [08]: 

        
 ∫                                                     

      

   

 

The infrared luminosity LIR  between bands 1 μm to 1000 μm of galaxies has been computed 

from the IRAS flux densities according to fluxes Fλ at  12, 25, 60, and 100 µm [09 &71] 

         ʘ) = 5.5378+2 Log D+ [12.66    +5.00    +2.55   +1.01    ]…….(11) 

Where F12, F25, F60, and F100  are the relevant IRAS apparent flux densities for a source 

expressed in the Jansky unit (Jy), where 1 Jy =               
4- The luminosity of 60 microns of the IRAS - 60 μm range in solar luminosity is described as 

follows [70]: 

                                   ………………………………(12) 

where  F60 means IRAS 60 μm band flux intensity in Jy. 

5-The Far-infrared luminosity (LFIR) in solar luminosity (Lʘ) at bands IRAS 60 μm and IRAS 

100 μm is given by[27] : 

                    (
    

        
)                      

6- The radio luminosity at a frequency 1.4GHz was computed adopting the next relation [27]: 

                
                         …………………………...(14) 

Here, F1.4 is the radio extended flux density in units of Jy at the emitted rest frequency νradio = 

1.4 GHz or (λradio = 21 cm) arising from hyperfine spin relaxation. 

7- The total mass of neutral hydrogen gas (HI) in solar mass (Mʘ) was measured using the 

standard method, using a magnitude of 21 cm (m21), and since HI is visually light on galactic 

estimates, the strength of the HI line is mass proportional [73, 74] 

                 
   

 

     
  ∫        …………………………….…….(15) 

The raw fluxes SHI =∫         is the density of the HI line integrated into Jy Km/s collected 

in the literature is converted into a logarithmic scale using m21 apparent magnitudes defined 

as [25]: 

                             ………………………………...…(16) 

or 

      
                                               

8- Logarithm of the blue visual luminosity (LB) in solar units at the blue wavelength 4400A°, 

computed using [76, 77] 

Log LB(Lʘ)=12.164+2 Log           ……………………………….….(18) 
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mBtc is the total value of the corrected blue color-magnitude for galactic and endogenous 

absorption. 

9- The central radio continuum luminosity at frequency ν=5 GHz or wavelength       can 

be written as [76]: 

         Lʘ) =17.078+2 Log     + Log     ……………………….…….(19) 

10- The dust mass in galaxies (Mdust) is calculated from the temperature of the dust, Tdust, 

which is inferred from the flux densities at the emission of 60 μm and 100 μm from the black 

body. Considering that the dust radiation attends the emissivity law Fv α λ
-1

, the Mdust  almost 

designated as [17, 28]:  

     (Mʘ)=4.5        
 (                   ⁄   )…………………………(20) 

 

Dust temperature Tdust  can be calculated according to IRAS flow densities of 60 micrometers 

and 100 micrometers [79]:   

            [
  

                    
    ]                        

 

11- Total cold hydrogen gas masses Mgas were computed by combining the above-mentioned 

molecular and atomic gas mass with 30% helium (He) contribution [31]: 

Mgas = (MHI + MH2)/β……… ..……………………………………………..  (22) 
where β ≈  0.74 is the standard hydrogen part of neutral gas, and the remainder is helium and 

a small fraction of heavier elements[74]. So the equation (21) becomes as follows: 

Mgas (in unit Mʘ ) = 1.3 (MHI + MH2 )…………………………………..……(23) 

12- Star formation rate SFR in-unit Mʘ yr
-1

 is estimated in Far-infrared energy radiation from 

the relationship[11]: 

        
                   ……………………………………………..(24) 

 

4. Statistical Calculation Results and Discussion 

We utilized a statistical software program (statistic-win-program) to see if there is a 

correlation between several variables in this article. The statistical program is commonly used 

to process and evaluate various relationships between variables, as well as to assess if there is 

regression strength between the characteristics of the two variables. The values of the linear 

partial correlation coefficient (R) are in the range [+1, -1]. The two components are 

completely associated if the regression value is ±1. Even so, there is a weak regression 

correlation between the two components when the measurement of regression correlation (R) 

is zero or close to zero [10, 31-34]. Due to Malmquist bias, both correlation coefficients and 

confidence levels have been adjusted for artificial reliance on parameters from galaxies 

distances in this work. Molecular hydrogen and neutral hydrogen are the most common cold 

interstellar medium ISM types. Carbon monoxide observations have allowed identifying the 

molecular gaseous hydrogen emission in detail to other observations at different frequencies 

ranging from ultraviolet-optical-infrared to radio bands.  

According to statistical regression techniques for the analysis of (140) extragalactic spirals, 

the average value of CO(1-0) luminosity with a standard error is equivalent to ˂Log LCO>= 

8.10±0.073 (LCO=12.6x10
7
 K. k        ) with a minimum and maximum value ranging 

between LCO min. ~ 2.73 x10
5
 K. k        to  LCO max. ~ 1.25x 10

10
 K. k        , while a 

mean value of  IR-infrared (1-1000)μm to Far-infrared around 100μm luminosity 

can be evaluated  ˂ LFIR (Lʘ) > ≈ 8.5x10
9 

± 0.067 with LFIRmin.= 10
7 

 to LFIRmax.≈ 3x10
12 

Lʘ for 

the warm dust of temperature about ˂Tdust>=42±0.925 K
0
. Since the dependence of the 

temperature dust on the  CO (1-0) line-infrared emissions as shown as Figure (1a) existence a 

positive relationship between (Log LFIR, Log LCO, and Tdust) with a flat slope ≤ of 0.5 for 

http://leda.univ-lyon1.fr/leda/param/bt.html
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relation Log LFIR- Tdust and Log LCO - Tdust. We adopted the following equation for linear fit 

regression Y=ax+b, where (a) is just the slope of linear regression, and (b) is the y-axis 

intercept, the most appropriate suitable fitting expression of linear regression is found using 

an acceptable standard error, which is described as: 

                                                    ……….                

                                                     
and we have seen that there is a partial correlation coefficient equal to (RFIR-Tdust =0.42, RCO-

Tdust ≈ 0.3) in this relationship. Figure 1a exhibits the relationship between  CO line -FIR 

infrared luminosity and dust temperature for the extragalactic spiral in this study. The 

correlation between LCO and Tdust is slightly weaker than that between LFIR and Tdust. Besides, 

results pointed also to a good positive relationship between LCO-LIR and LCO-LFIR (Log LCO α 

Log LIR
0.62±0.056

 α Log LFIR
0.65±0.053

) with a strong correlation is equal to R~ 0.7 and a very 

higher probability level of chance correlation  P ≤10
-7

 (see Figures 1b &1c). The physical 

meaning of these correlations can be clarified by the amount of interstellar medium gas in a 

molecular form (CO) that significantly increases with IR-FIR luminosities, according to our 

results. These galaxies show extremely high infrared detection lines from the line intensity of 

carbon monoxide CO as shown in a ratio LFIR/LCO=1.84 computed from our results, and also 

the warm dust element cohabits with the molecular layer formed of warm clouds (˂Tdust> ≈ 

40K
0
) at the actual scale, indicates that the warm dust element emits in the near-infrared 

range, with a peak of about 100 μm, since the dependence of the temperature dust on the 

infrared emission. The ultraviolet (UV)  and optical emission absorbed from OB stars are the 

sources of the FIR -infrared emission's spectral energy. The broad range of observed radiation 

indicates that the distance measured will not influence the association between FIR and CO 

luminosities, showing an excess of far-infrared emission. It appears to us that the outcomes of 

our work here are in agreement with those of previous literature articles such as [20, 10, and 

16] on the strong link between LCO-LIR and LCO-LFIR  

 
Figure 1- (a) Two commons of the relationship between CO line and FIR-infrared luminosity 

versus      . The straight blue line represents fitting for all results for LCO and the dashed red 

lines describe fitting for all database LFIR vs. Tdust 
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Figure 1- (b) The relationship between                   Figure 1- (c) The relationship between 

            (        and(                                                   (                           
 

The relationship between CO line emission luminosity and L1.4, L6cm, LB optical blue 

luminosities respectively has been inferred in the present study. It is clear from Figures 2a, 2b 

and 2c) that there is a positive correlation between LCO and L1.4 (R ≈ 0.5), however, there 

seems to be a statistically significant correlation coefficient between LCO and L6cm, LB equals 

to R~ 0.7, in addition to a very significant level of confidence P ≤10
-7

,  and we noticed 

differences in slopes between  (Log LCO α Log L1.4 
0.58±0.05

), (Log LCO α Log L6cm 
0.61±0.09

 ), as 

well (Log LCO α Log LB 
0.39±0.05

). We found a tight linear relation between CO(J=1-0) line 

emission and radio continuum with either LCO-L6cm or LCO-L1.4GHz and the CO(1-0) line 

emission of spiral galaxies is also related to the blue optical emission (LB). It can be 

understood in these types of galaxies, as well as an abundance of gases that pervade the entire 

galaxy. An ionized gas Hα at line λ= 6 cm can emit a heavy radio and thermal emission. This 

implies that these extragalactic spirals with bright CO line densities or the radio thermal 

continuum have more atomic and molecular gas, regardless of form. It's interesting to note 

that the range of optical blue brightness difference in our sample is rather limited, or maybe 

suggesting that the correlation between CO (1-0) line emission and radio continuum seems to 

be more essential. 

 

 
Figure 2- (a) The relationship between ( Log LCO) and( Log L1.4)  luminosity. 
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Figure 2- (b) The relationship between               Figure 2- (c) The relationship between              

        ( Log LCO) and( Log L6cm) .                             ( Log LCO ) and( Log LB ). 

 

We estimated the mean values of atomic cold hydrogen gas (MHI), molecular cold gas 

content (MH2), and dust mass (Mdust) for our galaxies. Consequently, to our sample of the 

extragalactic spirals the mean values with a standard error of LogMHI=9.43±0.059, Log 

MH2=8.68±0.074, and Log Mdust=6.46±0.069 respectively. It is essential to see that for all 

morphological types of spiral galaxies, the hydrogen HI content is always greater than that of 

the content hydrogen H2, the cold atomic gas content increases approximately by a factor of 6 

to the molecular mass value of the gas in spiral galaxies (˂ MHI / MH2 > ≈ 6). As we have 

previously indicated that the molecular gas mass is associated with the carbon monoxide gas 

CO line, furthermore, the CO(J=1–0) spectroscopic database was used to measure the 

molecular hydrogen amounts of spiral galaxies, accordingly, the neutral gas HI surface area in 

most morphology spiral galaxies is larger than the CO line amplitude. The CO radiation is 

focused in the interior some kiloparsecs whereas, a natural gas distribution indicates more 

depression in the galaxy's center. Besides that, for  HI cold gas observations, the superposition 

of independent clouds in the emission region is more expensive than toward molecular gas 

CO observations. Our results calculated here are largely in agreement with those of the 

literature [76]. The average value of the ratios of MH2/Mdust was evaluated in this survey, for 

our types galaxies having ∆ Log (MH2/Mdust) designated as ˂ LogMH2> - ˂ LogMdust> equals 

the mean value 2.21±0.047, this means that the molecular gas mass MH2 is about ~ 160 times 

larger from dust mass Mdust of those galaxies. The method for calculating dust mass utilizing 

Far-infrared flux at 60 μm and 100 μm, and the molecular gas mass to dust mass ratio seems 

to be overestimated. This indicates that the dust components contain most of the cold dust and 

a fraction of warm dust. Two dust components, warm and cold dust, have been proposed as 

explanations for the difference in the gas-to-dust masses ratio. Cold (Tdust=10-20 K
0
) dust 

associated with quiescent molecular clouds and warm (Tdust=30-60 K
0
) dust associated with a 

star-forming activity. Our interpretation of this finding is identical to what was mentioned in 

the investigation article [28]. 

As shown in Figures (3a, 3b & 3c), the relation between atomic and molecular gas-to-dust 

content and CO line luminosity has also been discussed, and we discovered differences in the 

slopes between them. In Figure.3a we have noticed that there is a very tight linear relationship 

between LCO and MH2, the slope of Log LCO- LogMH2 equal to unity (slope ≈ 0), with a very 
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strong correlation coefficient corresponding to 1 (RCO-MH2=1) and a very high probability of 

relationship P ≤10
-7

. In contrast, it is evident from Figure (3b) that there is a weak correlation 

between LCO and MHI, the slope of the relationship between CO line emission and atomic 

cold gas is not linear but rather flat (slope ~ 0.3) and a weak correlation RCO-MHI ~ 0.35, as for 

the relation LCO- Mdust there is a good correlation between them (RCO-Mdust  ~  0.64), then the 

linear regression slope towards one as given as in Figure (3c). The very strong linear 

association potential between LCO with MH2 distinct in these types of galaxies indicates that 

the molecular gas is more abundant due to its wide diffusion, due to the molecular gas's 

effectiveness in the MH2 regions. Intergalactic gas emits a lot of 
12

CO (J=1-0) lines, which is 

dominated by the molecular gas H2. As a result, gas content-to dust mass to CO line 

luminosity relationships in these spiral galaxies are varied and complex, dependent on a range 

of internal and external variables including the atmosphere, brightness, 

dynamics,  structure, and star formation activity. Observing emission from CO line rotational 

transitions is the most popular form of pursuing intergalactic molecular clouds, which are 

almost completely made up of molecular hydrogen. All interstellar clouds are mostly made up 

of molecular hydrogen instead of atomic hydrogen. The transition from atomic hydrogen to 

molecular hydrogen appears at a medium interstellar surface region, suggesting that whole 

massive clouds are molecular gas. Molecular gas clouds provide the materials for star-

forming and are an important part of galaxies' evolution. Interstellar dust, on the other hand, is 

responsible for the massive CO emission to infrared luminosity seen in an extragalactic spiral, 

and all dense, dusty particles may be considered molecular. 

 

 

 

 

 

 

 

 

 

 

Figure 3- (a) The relationship between                            Figure 3- (b) The relationship between        

 (Log LCO) and ( Log MH2) .                                       ( Log LCO ) and( Log MHI). 
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Figure 3- (c) The relationship between (Log LCO ) and (Log Mdust) 

 

It is seen from our work, the average value of star formation rate ˂SFR> = 8.98 ± 3.73 

with lower and upper quartile values is located between 0.41 Mʘ yr
-1

 and 4.58 Mʘ yr
-1

, 

regardless of the morphological type, in the most reliable SFR measurements. It has been 

estimated that there is a strong relationship between the star formation indicator rate SFR and 

both the far-infrared and CO luminosities. We noticed that slopes of the relationships LCO-

SFR and LFIR-SFR are approximately linear ~ 1 with a strong partial correlation coefficient 

RCO-SFR≈ 0.73 between LCO-SFR, whereas a clear correlation RFIR-SFR≈ 0.5 between LFIR-SFR 

and probability of occurrence correlation is very high (P ≤ 10
-7

) as illustrated in Figure 4a (left 

panel). Star formation rate seems to be the product of a complex interstellar medium 

mechanism that leads to the separation and collapse of stellar scale clusters. The majority of 

the steps indicate energy density at which the interstellar gas must be molecular gas including 

the extragalactic spirals.  There should be strong significant relationships between the amount 

of molecular gas CO and star formation activity higher than the amount of Far-infrared 

radiation and spiral galaxies' SFR on all scales. For note, a portion of the Far-infrared 

radiation in some spiral galaxies can occur in the distributed atomic layer, making star 

formation regions irrelevant. 

 In Figure 4b (right panel/ solid blue line), we analyze the accumulated correlations of 

a range of variables such as the total mass of cold gas (MHI+MH2), and ratio LFIR/LB with 

star formation indicator. It is explicit that the main finding of the current study is that there is 

a significant relationship between SFR and the total amount of cold gas M gas. The slope for 

Mgas ~ SFR should be close to the unit (SlopeMgas-SFR ~1) with a clear explanation that the 

mean value of the  Log MHI / MH2 ratio is approximately constant ~ 0.75 ±0.065 for 

extragalactic CO survey spirals. Consequently, the atomic gas-phase amount in our study of 

spirals is approximately 6 times greater than the molecular gaseous amount. The result of this 

statistical analysis is, in general, consistent with the results of [37, 77], however, it contrasts 

with Young and Knezek's  [33] conclusion that the quantities of molecules and phases of an 

atomic gas are equal. All molecular and atomic forms of cold interstellar hydrogen gas in 

extragalactic spirals depend greatly on the type of morphology. 

We also revealed that the ratio (LFIR/LB > 1/3) for our spiral galaxies sample, which means the 

existence of spiral bar galaxies, undergoes bar-induced starbursts with illuminated blue 

optical and Far-infrared is approximate ~10
10

 L⊙. The reason is thought to be the presence of 

a bar that activates the process of star formation in type spiral bar galaxies, this intimates that 

fuel availability is a factor that determines only galaxies that experience stellar explosions 



Abood and Al Najm                         Iraqi Journal of Science, 2022, Vol. 63, No. 3, pp: 1376-1393   

     

 

 

1391 

from bars, furthermore, our analysis confirms a good consensus with the literature [34]. 

Figure 4b (right panel/ dashed red line) exhibits the regression relationship between the ratio 

LFIR/LB and the star formation rate increasing with a tendency toward linearity (Slope ~ 1), 

and our results of multiple regression analysis indicate there exists a significant correlation (R 

≈ 0.6) between these quantities. These extreme infrared luminosity galaxies are directly 

fuelled by massive starbursts, mainly dust-covered, at rates of star formation in the tens or yet 

hundreds M⊙ /yr, which can be concluded directly from LFIR if the global relationship, SFRFIR 

≈ 1.7x10
-10

 LFIR. The well-related far-infrared to blue optical-luminosity ratio LFIR/LB star 

formation indices are used to compare star formation behavior in galaxies. On a timescale of 

billions of years, the LB blue optical luminosity is a tracker of past star formation, while FIR 

and radio communication at a luminosity of 6 cm are trackers of modern star formation on a 

timescale of millions of years. 

 

 
 

 

 

 

 

 . Conclusion5  

As shown by the LFIR/LCO ratio computed from our results, these galaxies have exceptionally 

high lines of infrared detection at a factor twice as strong as the CO (J=1-0) line. We conclude 

that the contents of molecular hydrogen have a linear relationship with LCO. Based on our 

statistical analysis, we also found that the true meaning of the gas is revealed by the CO line 

emission spectra. CO observations are important for galaxies, particularly those with effective 

starbursts since it appears that molecular gas plays a role in the formation of stars. By 

calculating the rate of infrared luminosity (LFIR) to determine its effect on spiral galaxies, we 

realized that it emits distinctively from dust within molecular (CO) clouds in these galaxies, 

resulting in a high infrared luminosity. Our conclusions designate that thermal radio 

luminosity and LFIR are well associated with the CO line luminosity. The results indicate that 

the dust components contain a plurality of cold dust and a plurality of warm dust. 

We've seen that LCO and MH2 have a very strong linear relation, with the slope of Log LCO- 

LogMH2 equivalent to  1,  and a very steep correlation coefficient (RCO-MH2=1). Due to the 

molecular gas's effectiveness in the MH2 regions, the very high linear interaction potential 

between LCO and MH2 distinct in these types of galaxies suggests that the molecular gas is 

more abundant owing to its broad diffusion. Eventually, the work concluded the relationship 

slopes of LCO-SFR and LFIR-SFR are nearly linear 1, with a high partial correlation RCO-SFR ~ 

0.73 between LCO-SFR and a significant correlation RFIR-SFR ~ 0.5 between LFIR-SFR. There 

Figure 4 -(a) left panel-The relationship 

between LCO, LFIR and star formation rate 

(SFR) in scale logarithmic.   

Figure 4 - (b) right panel- The total cold 

gas content Mgas and ratio LFIR/LB as a 

function of (SFR). 
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should be very significant relationships between the amount of molecular gas CO and star 

formation indicator higher than the amount of far-infrared emission and spiral galaxies' SFR 

on all scales. For instance, a portion of the FIR radiation in some spiral galaxies can occur in 

the distributed atomic layer, making it insignificant to star formation regimes. We also 

remarked that the ratio (LFIR / LB > 0.3) of our extragalactic spirals sample, indicating the 

presence of spiral galaxies bar showing bar induced by stellar explosions with optical - blue 

and far-infrared illumination is approximate ~ 10
10

 L⊙. 
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