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Abstract 

      The goal of this research is to better understand the physical features of starburst 

galaxies. Radio and X-ray observations are good for exploring the stuff within the 

central regions of galaxies.  A galaxy that is undergoing a strong star formation, 

usually in its central area, is known as a starburst galaxy. This paper provides the 

results of a statistical analysis of a sample of starburst galaxies. The data used in this 

research have been collected from NASA Extragalactic Database (NED), and 

HYPERLEDA. Those data have been used to examine possible luminosity 

correlations of X-ray to a radio of a sample of starburst galaxies. In this research, 

statistical software, known as statistic-win-program, has been used to investigate if 

there is a luminosity correlation between multiple-wavelength bands. The results of 

the statistical analysis conclude that there is a good correlation between X-ray 

luminosity and radio luminosity at 1.4GHz where the partial correlation coefficient is 

(R≈0.53) and slope (0.6±0.12). There is also a good correlation between X-ray 

luminosity and radio luminosity at 5GHz with a good partial correlation coefficient 

(R ≈ 0.65) and slope (0.77±0.11).  There are good positive relationships between radio 

luminosity at (1.4GHz, 5GHz) with infrared and far-infrared luminosities (Log L1.4GHz 

α log LFIR
0.89±0.04 α Log LIR

0.9±0.03) with a very strong correlation equal to R=0.9 (Log 

L5GHz α Log LFIR
0.79±0.05 α Log LIR

0.81±0.05) with strong correlation R=0.8 both with very 

high probability level p≈10-7. One of the closest and most ubiquitous correlations 

known among the global features of local star formation and starburst galaxies is the 

link between far-infrared (FIR) and radio emission.  

 

Keywords: Galaxies, Active galaxies, Starburst, X-ray galaxies, Radio continuum 

statistics. 
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 الخلاصه 

د  ارصالا  النجمية. تعد  ذات الانفجارات  الفيزيائية للمجرات  المميزاتالهدف من هذا البحث هو فهم أفضل        
تعرف المجرة التي    المجرة.  يةمركز المنطقة  الداخل    ادوات جيدة لاستكشاف التأثيرات  والأشعة السينية  ة الراديوي

تمر بانفجارا قصيرا لتشكيل نجمي قوي, عادة في منطقتها المركزية, باسم المجرة ذات انفجار نجمي. تقدم هذه  
تم جمع البيانات المستخدمة في هذا  لنجمي.  الورقة البحثية نتائج تحليل إحصائي لعينة من مجرات الانفجار ا 

التالية:  البيانات  تم  HYPERLEDA.  و   NASA Extragalactic Database (NED)  البحث من قواعد 
ستخدم هذه البيانات لدراسة ارتباطات الضيائيات المحتملة من الأشعة السينية الى الراديوية لعينة من المجرات  ا

(  statistic-win-program)  يعرف باسم إحصائيا  تطبيقا    م اتم استخدالنجمية. في هذا البحث ،  ذات الانفجارات  
خلصت نتائج التحليل  .  الاطوال الموجية   متعددة  نطاقاتضيائيات لالارتباطات بين  ذا كان هناك  إ  مافيلمعرفة  

وجود   الى  والضيائية علاقة  الإحصائي  السينية  الأشعة  بين ضيائية  معنوية    1.4  تردد   عند   ة الراديوي  ارتباط 
(. هناك أيضا علاقة معنوية  0.12±0.6) و الميل    (R≈ 0.53)ي  جيجاهرتز حيث كان معامل الارتباط الجزئ

 (R≈0.65)جيجاهرتز مع معامل ارتباط جزئي جيد    5  تردد   بين ضيائية الأشعة السينية والضيائية  الراديوية عند 
  5جيجا هرتز ،    1.4إيجابية جيدة بين اللمعان الراديوي عند ) ارتباط  هناك علاقات    (. 0.11±0.77وميل ) 

البعيدة.   الحمراء  تحت  والأشعة  الحمراء  تحت  الأشعة  لمعان  مع  هرتز(  log  α1.4GHz . (Log Lجيجا 
) 0.9±0.03

IRLog L α 0.89±0.04
FIRL    مع ارتباط قوي جدا يساويR=0.9  0.05±0.79و 

FIRLog L α5GHz (Log L
)0.81±0.05

IRLog L α    0.8مع ارتباط قوي≈R  10-7عالي جدا    ة يكلاهما مع مستوى احتمال≈p.   أقرب  احد
انتش الشاملة الارتباطات وأكثرها  السمات  بين  المعروفة  المحلية والمجرات    ارا  النجوم  الانفجارات    لتكوين  ذات 

  ( والانبعاثات الراديوية. FIRبين الأشعة تحت الحمراء البعيدة )  النجمية هي الارتباط 
 

 

1. Introduction 

       Massive stars are the source of power for starbursts. Massive stars (Mstarbursts ≥ 10 Mʘ) 

produce ultraviolet resonance transitions by emitting photons with energy of tens of eV that are 

absorbed and re-emitted in their stellar winds. The stellar wind, on the other hand, is optically 

thin to most ultraviolet photons, which can travel tens of kilometers from the star before being 

absorbed and photoionizing the interstellar medium. The ionized gas is then cooled down using 

an emission line spectrum. In essence, this is a starburst galaxy's spectral dichotomy picture: a 

nebular emission line spectrum at optical wavelengths and an absorption-line spectrum at 

wavelengths shorter than the Balmer jump [1]. Starburst galaxies are objects in which star 

formation and associated processes dominate the total energy. They have a size range of 100 pc 

to 1000 pc, and Hα luminosity of 1040 erg/s to 1042 erg/s. As a result, the nebula requires an 

ionizing photon brightness of between 1052 and 1054 photons per second, which  is  supplied by 

a stellar cluster containing thousands of young massive stars. This concept encompasses a wide 

spectrum of galaxies, including blue compact dwarfs, HII galaxies, nuclear starbursts, and 

ultraluminous IRAS starbursts, among others. Typical bolometric luminosities range from 1040 

erg/s to 1045 erg/s, with the lowest limit corresponding to super-star cluster luminosity and the 

greatest limit corresponding to infrared-luminous galaxies. The pace of star formation is 

significant (10-100 and up to 1000 Mʘ/yr in some ultraluminous infrared galaxies) that the 

present gas supply can only fuel the starburst for a fraction of the universe’s history (few 108 

yr) [2]. 

 

     In earlier research, the ROSAT All Survey was cross-correlated with a sample of 14708 

extragalactic IRAS sources taken from the point source database by statistical classification. 

The X-ray brilliant spirals are starbursts with steep spectra, which makes them simpler to 

identify by ROSAT. They discovered a positive link between X-ray luminosity, IR, and optical 
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luminosities, with the steepest correlation for Seyfert galaxies [3]. In addition, [4] discovered 

that barred galaxies have lower overall FIR luminosity than unbarred galaxies in a volume-

limited sample.  Other researchers confirmed that IR bright barred galaxies have much larger 

FIR-optical and S25/S12 ratios than unbarred galaxies, with the effect being particularly 

noticeable in the IR hues. They further showed that the influence of bars on the SFR was linked 

to relative IR luminosity and that it could only be seen in galaxies with LFIR/LB ≥ 1/3 [5]. 

Moreover, [6] offered the results of a statistical study of AGNs chosen from an RBSC-NVSS 

sample as the strongest X-ray sources. They discovered that the slopes of the LX-LB relations 

were flat for Seyfert galaxies, including the presence of components unrelated to X-ray. [7] 

presented a statistical analysis of samples of bright X-ray galaxies with active galactic nuclei 

(Seyferts1, Seyferts2, and Quasars) from the ROSAT Bright Source Catalogue (RBSC) and the 

NRAO VLA Sky Survey (NVSS). Multi-wavelength observations in the radio (1.4GHz), blue 

optical (4400 A0), and X-ray (0.1-2.4) keV bands were investigated. The results of their 

statistical analysis showed that there was a strong correlation between the quantities (LX-ray - D 

and L1.4 - D correlations), and the slopes of the relation (LB-D) were flatter than the slope of 0.5 

expected for cosmologically nearby objects, whereas for Seyfert2 type galaxies, they found that 

there was a very strong correlation between relation (LX-ray - D and LB - D), indicating that in 

comparison to Seyfert1, Seyfert2 had active components unrelated to radio emission. They also 

discovered that the Seyfert 1 and 2 galaxies had a strong linear relationship between (LX-ray - 

D), which could be due to the presence of extremely high X-ray emission in broad emission 

lines in their nuclei. The IRAF ISOPHOTE ELLIPSE job with Griz-Filters was used to 

investigate the morphological and photometric properties of two lenticular galaxies (NGC 

2577, NGC 4310). The Sloan Digital Sky Survey (SDSS) provided observations, which are 

now available in the Data Release (DR14). The SDSS pipeline was used to reduce the data in 

all of the photos (bias and flat field). Although the disk position angle, ellipticity, and inclination 

of the galaxies were investigated, the surface photometric investigations such as total 

magnitude, isophotal contour maps, surface brightness profiles, and a bulge/disk decomposition 

of the photos of the galaxies were done by[8]. Eventually, [9] used their data from Chandra 

XMM-Newton and other wavebands to analyze the X-ray emission for a sample of young radio 

AGNs. For VLBI radio-core, they discovered strong correlations between X-ray luminosity in 

(2-10( KeV and radio luminosities LR at 5GHz. In the current study, we use data from the 

following sources in this inquiry, the first source is NASA Extragalactic Database (NED), and 

the second is HYPERLEDA. Those data are used to examine possible luminosity correlations 

of X-ray to a radio of a sample of starburst galaxies. This article is organized as follows: The 

second section describes the mathematical procedure utilized in this project to produce the form 

used in mathematical analysis, as well as the derivation of the parameters used in this analysis. 

The third section presents the findings of the statistical analysis that have been carried out in 

this research. Finally, the work’s conclusion will be summarized in section four.  

2.   The data utilized and estimated parameters in the sample. 

      A sample of starburst galaxies was selected from papers [10] [11] [12] [13] [14] [15] [16] 

[17] [18]. Based on the NASA/IPAC Extra-Galactic Database (NED), selected available data 

such as redshift(z), X-ray flux, infrared fluxes at near, medium, and far beams (S12, S25, S60, 

S100) in the unit (Jy), radio fluxes at 1.4GHz (λ=21cm) & 5GHz (λ=6cm), an optical flux of 

OII at (λ=372.6nm) and ultraviolet fluxes at near (λ=177nm) & far (λ=153.9nm). The total 

apparent corrected B-magnitude mB from the French website Lyon-Meudon Extragalactic 

Database (HYPERLEDA) was selected. The physical parameters (galaxies name, the 

morphology of starburst galaxies, z, mB, S12, S25, S60, S100, SX-ray, SOII, magnitudes of far 

ultraviolet (m-FUV (AB)) and near ultraviolet (m -NUV (AB)) and radio fluxes at ν=1.4GHz & 

ν=5GHz) of starburst galaxies are listed in Table (1).  
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Table 1: The data of starburst galaxies collected from NED, HYPERLEDA.   

No. Name 
Morph

. 
Z 

SX-ray 

(ergs/
s/cm
^2) 

S12 
(Jy) 

S25 
(Jy) 

S60 
(Jy) 

S100 
(Jy) 

S5GH

z 
(Jy) 

S1.4G

Hz 

(Jy) 
mB 

m-FUV 

(AB) 
m-NUV 

(AB) 

1 
NGC6
946 

 

SAB 
(rs)cd 

 

0.00
013 

3.21E
-12 

12.1
1 

20.7 
129.
78 

290
.69 

0.3
44 

0.18
83 

8.2
3 

10.425 9.741 

2 
NGC1
614 

 

SB(s)c 
pec 

 

0.01
594 

6.50E
-13 

1.44
1 

7.5 
32.1

2 
34.
32 

0.0
63 

0.13
82 

12.
71 

  

3 
NGC2
369 

 

SB(s)a 
 

0.01
081 

7.50E
-14 

0.74 2.2 
20.3

5 
38.
31 

0.0
35 

 
12.
13 

  

4 
NGC3
110 

 

SB(rs)b 
pec 

 

0.01
686 

9.70E
-14 

0.59 1.13 
11.2

8 
22.
27 

0.0
41 

0.12
88 

12.
34 

  

5 
NGC3
256 

 

pec 
 

0.00
935 

3.45E
-12 

3.57 
15.6

9 
102.
63 

114
.31 

0.3
19 

0.65
9 

11.
29 

  

6 
NGC3
690 

 

S pec 
 

0.01
041 

4.80E
-13 

3.9 
24.1

4 
121.
64 

122
.45 

0.3
62 

0.97
7 

11.
41 

14.11 13.63 

7 

ESO3
20-

G030 
 

(R')SA
B(r)a: 

 

0.01
078 

5.80E
-14 

0.53 2.28 
34.3

8 
46.
28 

0.0
321 

0.06
44 

12.
6 

  

8 
NGC7
130 

 

Sa pec 
 

0.01
615 

2.66E
-13 

0.58 2.16 
16.7

1 
25.
89 

 
0.19
06 

12.
67 

15.918 
15.00

98 

9 
IC860 

 
S? 

 
0.01
291 

1.23E
-14 

0.14 1.34 
18.6

1 
18.
66 

0.0
21 

0.03
13 

14.
14 

21.01 18.35 

10 
NGC1
569 

 

IBm 
 

-
0.00
035 

1.93E
-12 

0.79
4 

9.03 
54.3

6 
55.
29 

0.1
98 

0.36
19 

8.3
1 

15.38 14.82 

11 
NGC5
135 

 

SB(s)a
b 
 

0.01
369 

5.54E
-13 

0.63 
2.40

1 
16.8

6 
30.
97 

0.1
07 

0.20
05 

12.
47 

16.022
4 

15.14
93 

12 
NGC5
653 

 

(R')SA(
rs)b 

 

0.01
19 

3.60E
-15 

0.64 1.37 
10.5

7 
23.
03 

0.0
31 

0.05
203 

12.
69 

15.85 15.06 

13 
NGC5
734 

 

S0^0 
pec 

edge-
on 

 

0.01
375 

7.30E
-14 

0.78 0.98 8.09 
2.6
2E+
01 

 
0.07
68 

13.
29 

18.137
5 

17.04
37 

14 
NGC5
743 

 

Sb: 
 

0.01
374 

5.40E
-14 

0.59 0.75 5.21 
2.2
8E+
01 

 
0.05
67 

12.
85 

16.518 
15.97

31 

15 
IC517

9 
 

SA(rs)b
c 
 

0.01
141 

1.27E
-13 

1.18 2.4 
19.3

9 
37.
29 

0.0
79 

0.16
97 

12.
03 

  

16 
Zw04
9.057 

 

Irr 
 

0.01
306 

4.11E
-15 

0.05 0.95 
21.8

9 
31.
53 

0.0
316

9 

0.05
1 

15.
15 

22.29 19.55 
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17 
IC473

4 
 

(R')SB(
s)ab 
pec: 

 

0.01
605 

4.00E
-14 

0.38 1.33 
14.0

4 
25.
31 

  
13.
42 

  

18 
NGC7
771 

 

SB(s)a 
 

0.01
446 

7.24E
-13 

1.23 2.9 
20.9

3 
44.
85 

0.0
263 

0.14
1 

12.
3 

16.89 16.09 

19 
NGC7
469 

 

(R')SA
B(rs)a 

 

0.01
627 

3.90E
-11 

1.63 5.7 
23.1

3 
39.
91 

0.0
616 

0.17
8 

12.
48 

14.87 14.04 

20 
NGC7
679 

 

SB0 
pec: 

 

0.01
715 

3.56E
-13 

0.49
8 

1.12 7.4 
10.
71 

0.0
079

9 

0.05
58 

13.
02 

15.42 15.29 

21 
NGC7
769 

 

(R)SA(r
s)b 

 

0.01
405 

3.09E
-13 

0.52 0.97 5.21 
2.9
6E+
01 

0.0
005

4 

0.05
99 

11.
55 

15.34 14.93 

22 
mrk2

01 
 

IBm 
pec 

 

0.00
834 

2.10E
-13 

0.99 4.51 23.2 
25.
16 

0.0
36 

0.10
1 

12.
58 

15.69 14.96 

23 
mrk5

29 
 

S0^+ 
pec: 

 

0.01
184 

2.03E
-14 

0.11
84 

0.22
83 

1.68
9 

2.5
86 

0.0
07 

0.01
16 

14.
55 

17.060
2 

16.46
72 

24 
mrk5

38 
 

SB(s)b: 
pec 

 

0.00
933 

5.77E
-13 

0.56 3.15 
10.7

3 
12.
46 

0.0
141 

0.06
69 

12.
52 

14.37 13.72 

25 
mrk5

45 
 

SB(s)a 
 

0.01
523 

5.71E
-14 

0.66 1.29 9.03 
15.
66 

0.0
35 

0.07
35 

12.
51 

16.01 
15.47

72 

26 
mrk7

32 
 

cD pec 
 

0.02
925 

4.00E
-13 

0.16
11 

2.55
E-01 

1.75 
3.3
86 

0.0
19 

0.04
22 

13.
74 

17.463
6 

16.76
61 

27 
mrk7

39 
 

S? 
 

0.02
985 

1.40E
-11 

0.16
03 

0.30
93 

1.26 
2.4
08 

0.0
09 

0.01
12 

14.
29 

17.561
5 

16.69
14 

28 
mrk7

89 
 

compa
ct 
 

0.03
144 

6.42E
-14 

0.14
57 

0.61
77 

3.35
2 

5.0
68 

0.0
13 

0.03
55 

14.
63 

  

29 
mrk8

41 
 

E 
 

0.03
642 

1.24E
-11 

0.19
24 

0.47
26 

0.45
93 

6.1
8E-
01 

0.0
038

9 

0.01
48 

13.
71 

15.377
3 

15.28
51 

30 
mrk9

30 
 

WR 
 

0.01
83 

1.40E
-14 

7.88
E-02 

0.23
17 

1.24
5 

2.1
5E+
00 

0.0
027

2 

0.01
31 

 15.72 15.32 

31 
mrk1
259 

 

S0 
pec? 

 

0.00
728 

2.30E
-13 

0.94
1 

4.88
1 

14.7 
2.7
7 

0.0
34 

0.06
7 

12.
69 

15.487
1 

14.87
49 

32 
Mrk1

8 
 

S? 
 

0.01
113 

3.00E
-14 

0.14
44 

0.25
22 

2.15
7 

2.9
7 

0.0
24 

0.03
03 

13.
78 

16.86 
16.82

38 

33 
mrk0
213 

 

SB(s)a 
 

0.01
038 

1.30E
-12 

0.27
86 

0.61
34 

3.93
6 

6.0
06 

 
0.02
82 

12.
87 

 
15.04

46 

34 
mrk0
190 

 

SA(s)b
? 
 

0.00
326 

3.45E
-14 

0.26 0.47 3.07 
5.7
9 

 
0.01
22 

13.
05 

15.41 14.97 
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35 
mrk0
052 

 

SB0^+(
rs): 

 

0.00
714 

8.40E
-14 

10.4
3 

1.23 4.43 
6.6
5 

0.0
427 

0.01
48 

12.
93 

15.27 15.09 

36 
mrk0
326 

 

SAB(r)
bc: 

 

0.01
187 

3.68E
-13 

0.23
18 

0.71
45 

3.95
6 

5.9
15 

 
0.01
73 

13.
3 

16.24 15.92 

37 
mrk1
066 

 

(R)SB0
^+(s) 

 

0.01
189 

2.39E
-13 

0.46 2.35 
11.0

1 
12.
48 

0.0
281

6 
0.1 

13.
59 

  

38 
NGC 
3077 

 

I0 pec 
 

0.00
005 

7.16E
-14 

0.76 1.88 15.9 
26.
53 

0.0
22 

0.02
9 

10.
2 

  

39 
NGC 
4214 

 

IAB(s)
m 
 

0.00
097 

4.00E
-12 

0.58 2.46 
17.5

7 
29.
08 

0.0
34 

0.00
16 

9.9
1 

11.5 11.28 

40 
NGC 
4449 

 

IBm 
 

0.00
069 

1.98E
-12 

    
0.1
36 

0.26
86 

8.9
8 

10.86 10.81 

41 
NGC 
5253 

 

pec 
 

0.00
136 

1.21E
-13 

2.72 
12.0

7 
30 

30.
08 

0.0
9 

0.08
57 

9.8
7 

12.64 11.94 

42 
I 

Zw18 
 

WR 
 

0.00
25 

2.00E
-14 

   
0.0
153 

0.0
011

4 

0.00
183 

15.
77 

16.07 16.12 

43 

VII 
Zw40

3 
 

pec 
 

-
0.00
034 

1.20E
-13 

7.98
E-02 

5.37
E-02 

0.38
34 

8.9
6E-
01 

 
0.00
25 

14.
57 

15.24 15.29 

44 
M82 

 

I0 
edge-

on 
 

0.00
09 

1.89E
-14 

71.5
5 

332.
63 

1480
.42 

137
3.6
9 

0.0
24 

6.44
68 

7.6
6 

13.39 12.59 

45 
NGC 
1482 

 

SA0^+ 
pec 

edge-
on 

 

0.00
639 

1.01E
-13 

1.55 4.68 
33.3

6 
46.
73 

0.1
25 

0.34 
12.
89 

17.7 16.33 

46 
NGC 
253 

 

SAB(s)
c 
 

0.00
081 

3.50E
-12 

41.0
4 
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  Schmidt and Green defined the relationship between observed flux density and luminosity as 

[6]: 

  

𝐋(𝐄𝟏, 𝐄𝟐) = 𝟒𝛑 𝐜(𝐳)𝐀𝟐(𝐳)𝐒(𝐄𝟏, 𝐄𝟐)                            (𝟏) 

 

for an energy band, E1 to E2, where c(z)=k-correction term, A(z)=luminosity distance term, and 

S(E1, E2)=observed flux density between E1, E2 bands, and z=redshift. In astronomical ideas, 

redshift z is often used as a distance metric, and hence provides information about ages and 

temporal period [19]. The luminosity distance term A (z)and the k-correction term c (z) for 

power-law spectra with energy index and Friedman cosmology with q0 = 0.5 are given by [6]:  

                                        𝐜(𝐳) = (𝟏 + 𝐳)−(𝟏+𝛂)                                               (𝟐) 

 𝐀(𝐳) = 𝟐 (
𝐜

𝐇𝟎
) [(𝟏 + 𝐳) − (𝟏 + 𝐳)𝟎.𝟓]                                     (𝟑) 

      Where α = spectral index at each electromagnetic spectrum, c =speed of light and its value 

are equal to 3*1010 cm/sec and H0 =the Hubble constant, based on the (NED), we adopted the 

value  H0= 67.8 km s-1 Mpc-1, Ωm = 0.3(Omega Matter), and ΩΛ = 0.7(Omega vacuum) 

[20][21]. To obtain the main luminosity equation by substituting the values of c (z) and A (z) 

into the general luminosity equation as: 

L(E1, E2)=4π(
c

H0

)
2

 (1+z)
-(1+α)[𝟐[(𝟏 + 𝒁) − (𝟏 + 𝒁)]𝟎.𝟓 ]

𝟐
 S(E1, E2)                  (𝟒) 

To determine all the luminosities from X-ray to radio emission, “Eq. (4)” was employed. 

 

2.1 X-ray Luminosity (LX-ray): 

      In the X-ray range, the energy index is αx = -1.02 for active galactic nuclei starburst galaxies 

[7], and the flux density SX-ray in (erg s -1 cm -2), as a result, the X-ray luminosity is acquired by 

the following equation: 

 

LX-ray=4π(
c

H0

)
2

 (1+z)
-(1-1.02)

 [𝟐[(𝟏 + 𝒁) − (𝟏 + 𝒁)𝟎.𝟓]]
𝟐

SX-ray                     (𝟓) 

Where LX-ray = X-ray luminosity in a unit (erg/s). 
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2.2 The optical luminosity (Lopt): 

 The optical band monochromatic fluxes have been computed at 440 nm using the relationship 

[22]:  

"SB(440nm)=3.63×10
-20

×10
-mB
2.5            ( erg cm-2 s-1 Hz-1 )"                       (𝟔) 

     Where mB= blue magnitude at 0.44μm (4400A0) blue band. For the optical band, the spectral 

index is αopt=-0.5 [7]. 

 𝐋𝐨𝐩𝐭 = 𝟒𝛑 (
𝒄

𝑯𝟎
)

𝟐

 (𝟏 + 𝐳)−(𝟏−𝟎.𝟓) [𝟐[(𝟏 + 𝒁) − (𝟏 + 𝒁)]𝟎.𝟓 ]
𝟐

𝐒𝐨𝐩𝐭               (𝟕) 

 

𝐋𝐎𝐈𝐈 = 𝟒𝛑 (
𝒄

𝑯𝟎
)

𝟐

 (𝟏 + 𝐳)−(𝟏−𝟎.𝟓) [𝟐[(𝟏 + 𝒁) − (𝟏 + 𝒁)]𝟎.𝟓 ]
𝟐

𝐒𝐎𝐈𝐈              (𝟖) 

 

Where SOII =flux density of OII line emission at λ= 372.7nm in a unit (erg s-1 cm-2). 

 

2.3 Infrared Luminosity (LIR): 

      IRAS 12, 25, 60, and 100 microns (μm) band fluxes were used to calculate the IR and FIR 

fluxes from the equations [6]: 

𝑺𝑭𝑰𝑹(42.5−122.5 𝐦𝐢𝐜𝐫𝐨𝐧) = 𝟏. 𝟐𝟔× 𝟏𝟎−𝟏𝟏 (𝟐. 𝟓𝟖𝑺𝟔𝟎 + 𝑺𝟏𝟎𝟎) [𝒆𝒓𝒈 𝒄𝒎−𝟐 𝒔−𝟏]           (𝟗) 

𝑺𝑰𝑹 = 𝟏. 𝟖×𝟏𝟎−𝟏𝟒 (𝟏𝟑. 𝟒𝑺𝟏𝟐 + 𝟓. 𝟏𝟔𝑺𝟐𝟓 + 𝟐. 𝟓𝟖𝑺𝟔𝟎 + 𝑺𝟏𝟎𝟎) [𝒆𝒓𝒈 𝒄𝒎−𝟐 𝒔−𝟏]          (𝟏𝟎) 

 

Where S12, S25, S60, and S100 are given in Jy at the band interval (8-1000 micron). For the infrared 

band of starburst galaxies, the spectral index is αIR, FIR = - 0.5 [6]. 

𝐋𝐅𝐈𝐑 = 𝟒𝛑(
𝒄

𝑯𝟎
)𝟐 (𝟏 + 𝐳)−(𝟏−𝟎.𝟓) [𝟐[(𝟏 + 𝒁) − (𝟏 + 𝒁)]𝟎.𝟓 ]

𝟐
𝐒𝐅𝐈𝐑             (𝟏𝟏) 

𝐋𝐈𝐑 = 𝟒𝛑(
𝒄

𝑯𝟎
)𝟐 (𝟏 + 𝐳)−(𝟏−𝟎.𝟓) [𝟐[(𝟏 + 𝒁) − (𝟏 + 𝒁)]𝟎.𝟓 ]

𝟐
𝐒𝐈𝐑              (𝟏𝟐) 

 

      Both far-infrared in the region (40-100)μm LFIR and total infrared between 8-1000μm LIR 

luminosities are given in (erg/s). 

 

2.4 Radio Luminosity (Lradio):   

      For the radio continuum, the spectral index is αR=-0.8 [7]. Units in [erg cm-2 s-1 Hz-1] were 

used to compute the radio flux densities at (ʋ=5GHz & ʋ=1.4GHz) or (λ=6cm & λ=21cm).  

 

L1.4GHz=4π(
c

H0

)
2

 (1+z)
-(1-0.8)

 [𝟐[(𝟏 + 𝒁) − (𝟏 + 𝒁)]𝟎.𝟓 ]
𝟐
S1.4GHz                  (𝟏𝟑) 

𝑳𝟓𝑮𝑯𝒛=4π(
c

H0

)
2

 (1+z)
-(1-0.8)

 [𝟐[(𝟏 + 𝒁) − (𝟏 + 𝒁)]𝟎.𝟓 ]
𝟐
S5GHz                                     (𝟏𝟒) 

      Where S1.4GHz, 5GHz =S1.4GHz, 5GHz (Jy) × 10-23 measured by (erg s-1 cm-2 Hz-1), 1Jy=10-26w m-

2Hz-1, or 1Jy=10-23erg s-1 cm-2 Hz-1 in units systm (c.g.s) [7]. 

 

2.5 Ultraviolet Luminosities (LFUV, LNUV): 

The magnitude of far-ultraviolet  at λ=151.6nm mFUV is calculated [18]: 

 

mFUV=23.9-2.5LogSFUV(mJy)                                                                 (𝟏𝟓) 

 

We derive the relation between the far-ultraviolet flux density as follows:  

 

𝐒𝐅𝐔𝐕 = 𝟏𝟎−𝟐𝟔×𝟏𝟎(−𝐦𝐅𝐔𝐕+𝟐𝟑.𝟗)/𝟐.𝟓)  [𝐞𝐫𝐠 𝐬−𝟏 𝐜𝐦−𝟐 𝐇𝐳−𝟏]                    (𝟏𝟔) 
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Where mFUV = magnitude of far-ultraviolet at 151.6nm in (mJy), and for near-ultraviolet, at 

λ=177nm (1770A0) the equation of flux density is: 

𝑺𝑵𝑼𝑽 = 𝟏𝟎𝟐𝟑×𝑺𝑵𝑼𝑽(𝒆𝒓𝒈 𝒔−𝟏 𝒄𝒎−𝟐 𝑯𝒛−𝟏)        [ 𝑱𝒚]                            (𝟏𝟕) 

The spectral index UV band for active starburst galaxies is αUV=-0.9 [18].  

"𝐋𝐅𝐔𝐕 = 𝟒𝛑(
𝒄

𝑯𝟎
)𝟐 (𝟏 + 𝐳)−(𝟏−𝟎.𝟗) [𝟐[(𝟏 + 𝒁) − (𝟏 + 𝒁)]𝟎.𝟓 ]

𝟐
𝐒𝐅𝐔𝐕"(𝟏𝟖) 

"𝐋𝐍𝐔𝐕 = 𝟒𝛑(
𝒄

𝑯𝟎
)𝟐 (𝟏 + 𝐳)−(𝟏−𝟎.𝟗) [𝟐[(𝟏 + 𝒁) − (𝟏 + 𝒁)]𝟎.𝟓 ]

𝟐
𝐒𝐍𝐔𝐕"(𝟏𝟗) 

Where far-to-near luminosities LFUV, and  LNUV  are given in unit (erg s-1 Hz-1).  

3. Calculations, 

results and discussion.  

         We present the results of statistical analysis in this paper by using statistical software 

(statistic-win-program) application to see if there is a luminosity correlation between multiple 

bands. The statistical program is frequently used to analyze and evaluate numerous associations 

between variables, as well as to determine whether or not there is regression strength between 

the two variables’ characteristics. The linear partial correlation coefficient (R) values are in the 

range of [+1,-1]. If the regression value is ±1, the two components are perfectly linked. Even 

so, when the measurement of regression correlation (R) is zero or close to zero, there is a weak 

regression correlation between the two components. The relationships between logarithms of 

luminosities of wavelength bands from radio to X-rays when using multiple regression analysis 

on our sample of 131 starburst galaxies were studied. The partial correlation coefficient (R), 

significance levels (P), and the slopes were calculated for each relationship.  

 

     The relationship between X-ray luminosity as a dependent variable and radio luminosity at 

(5GHz & 1.4 GHz) as independent variables. From the results of the statistical analysis, we find 

that there is a good correlation between X-ray luminosity and radio luminosity at 1.4GHz where 

the partial correlation coefficient is (R=0.53) and slope (0.6±0.12) for N=81, where N is the 

correct sample number under test (see Figures 1a, 1b). 

Figure 1-(a) The relationship between             Figure 1-(b) The relationship between (Log LX-

ray) and (Log L5GHz).                                              (Log LX-ray) and (Log L1.4GHz). 
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There is also a significant correlation between X-ray luminosity and radio luminosity at 5GHz 

with a good partial correlation coefficient (R≈ 0.65) and slope (0.77±0.11) for N=68.  There are 

good positive relationships between radio luminosity at (1.4GHz, 5GHz) with infrared and far-

infrared luminosities. (Log L1.4GHz α log LFIR
0.89±0.04 α Log LIR

0.9±0.03) with a very strong 

correlation equal to R≈0.9 and (Log L5GHz α Log LFIR
0.79±0.05 α Log LIR

0.81±0.05) with a strong 

correlation R≈0.8 both with very higher probability level p≈10-7, for N=108 (see Figures 2a, 

2b, 2c and 2d). 

       Figure 2- (a) The relationship between           Figure 2- (b) The relationship between 

            (Log   L5GHz) and (Log LIR).                       (Log L5GHz) and (Log LFIR). 

                                                                                      

Figure 2- (c) The relationship between               Figure 2- (d) The relationship between 

(Log L1.4GHz) and (Log LIR).                                (Log L1.4GHz) and (Log LFIR). 

 

      One of the closest and most correlations known among the global features of local star 

formation and starburst galaxies is the link between far-infrared (FIR) and radio emission. This 

tight global correlation was unexpected at the time of this significant discovery because the 
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radio and FIR emissions were thought to be caused by distinctly different physical processes. 

Namely, the radio continuum emission is primarily caused by synchrotron emissions from 

relativistic cosmic-ray electrons gyrating around galactic magnetic fields, whereas the FIR 

emission is primarily caused by thermal emissions from dust grains submerged in an intense 

ultraviolet (UV) radiation field. The current qualitative physical explanation for such a global 

correlation is that FIR is caused by dust grain absorption of UV photons emitted by nearby 

young massive stars, whereas sources of relativistic cosmic-ray electrons are primarily 

associated with magneto hydro dynamic (MHD) shocks of massive stellar winds or supernova 

explosions – the primary source of UV radiations that heat interstellar dust grains, and these 

results agree with [23]. 

 

     Moreover, the link between radio luminosity at (5GHz) and optical luminosity (Log L5GHz α 

Log Lopt
0.43±0.10) is weaker than the link between radio luminosity at (1.4GHz) and optical 

luminosity (Log L1.4GHz α Log L opt
0.69±0.1) with correlation equal to R=0.39 & R=0.64 

respectively both with very higher probability level p≈10-7, for N=117 (Figures 3a, 3b). Since 

radio emission from a starburst originates in H II regions and supernovae, it is mostly unaffected 

by extinction. Optical emission-line ratios can be used to determine the major energy source 

inside a galaxy since they represent local excitation conditions, with the caveat that optical 

wavelengths may not notice a substantially veiled starburst or AGN. The radiation of plasma 

accreting onto supermassive black holes dominates the optical emission of quasars, or active 

galactic nuclei (AGN), while plasma outflowing from black hole/accretion disk complexes 

dominates the radio emission. As a result, separate but complementary information about the 

cosmic development of AGNs and their relationship to structure formation in the universe may 

be acquired in both photon energy ranges. This correlation could be a result of the flux 

restrictions and the large range of redshifts.  Furthermore, it could be a result of the stellar 

population and these agree with the results of [24]. 

 

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

(Log L5GHz) and (Log Lopt).                                            (Log L1.4GHz) and (Log Lopt). 

 

        There are weak relationships between far-ultraviolet as a dependent variable and (LOII, LX-

ray,  Lopt) as independent variables. The slopes of the relationships are not linear but rather flat 

(Log LFUV α Log LOII
0.34±0.12 α Log LX-ray

0.35±0.08 α Log Lopt
0.37±0.09) with a weak correlation equal 

to R≈0.348, R≈0.43, and R≈0.37 respectively, and probability level P≈9x10-3, P≈10-4 & P≈10-
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4, for N= 58, N=54  &  N=102 respectively (as shown in Figures 4a, 4b, and 4c). The weak 

correlation between these relationships may be the result of statistical analysis, which may hide 

this correlation due to the strong correlation between X-ray & radio/ radio& FIR/ radio& 

optical/ X-ray &FIR emission. 

 

 

 

 

 

    

Figure 4-(a) The relationship between                    Figure 4-(b) The relationship between 

(Log LX-ray) and (Log LFUV).                                     (Log Lopt) and (Log LFUV). 

 

 
Figure 4: (c) The relationship between (Log LOII) and (Log LFUV) 

 

       There is a good positive relationship between LX-ray and LFIR with a good partial correlation 

equal to R≈0.57, slope (0.45±0.07), and high probability level p≈10-7, for N=84. An empirical 

correlation between the FIR and X-ray global luminosities from the young objects (e.g. 

HMXBs) has been reported in star-forming galaxies and the correlation is naturally interpreted 

in terms of star formation activities in galaxies, which in turn implies a correlation between X-

ray luminosity and star formation rate (SFR). David, Jones & Forman (1992) derived a linear 

relationship between the logarithms of   X-ray (0.5–4.5) keV and FIR luminosities in the normal 

and starburst galaxies using the X-ray data of the EINSTEIN satellite and suggested a two-

component model fit this correlation[25]. The existence of a strong link between global far-

infrared (FIR) and radio continuum (1.4 and 4.8 GHz) fluxes/luminosities from star-forming 
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galaxies has been known for two decades, which may be explained by tremendous star 

formation processes in these galaxies. As a result, a link between X-ray and FIR/radio global 

luminosities of galaxies may exist.  
 

 
Figure 5: The relationship between Log LX-ray and Log LFIR 

 

      In addition, we find a strong significant correlation between LNUV & L1.4GHz and between 

LNUV & LFIR.   The partial correlation between  LNUV & L1.4GHz  is equal to R≈0.631 and slope is 

(0.63±0.08), and for the relationship between LNUV & LFIR the slope is (0.68±0.08) and the 

partial correlation is equal to R≈0.64 with  N=95 for both. This is why infrared measurements 

of starbursts are so important: infrared luminosities are significantly less susceptible to 

extinction. Two spectral "features" that are intrinsic to the same starburst are the infrared 

emission and the ultraviolet monochromatic continuum. The infrared is generated by photons 

from the continuing starburst in the photodissociation area immediately surrounding it. This 

infrared emission is unique to the photodissociation zone and occurs whether or not the starburst 

is obscured by dust. It is as much a part of the starburst as hot star radiation or emission lines 

from the HII region. The same obscuring dust in the surrounding cold molecular cloud affects 

both infrared and ultraviolet characteristics; however, the UV feature suffers significant 

extinction while the infrared feature suffers little extinction.  

 
Figure 6:(a) The relationship between              Figure 6:(b) The relationship between 
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(Log LFIR) and (Log LNUV).                                           (Log L1.4GHz) and (Log LNUV). 

    We furthermore find that there is no strong correlation between the far-infrared and optical 

luminosities. The correlation is equal to R≈0.46 with slope (0.44±0.08) for N=120.  A significant 

dispersion due to the uncorrelated temporal variability of star formation and accretion activity 

may overshadow a correlation between the optical and FIR luminosities. 

  

 
Figure 7: The relation between (Log LFIR) and (Log Lopt). 

 

4. Conclusion 

       Various correlations exist between the FIR, radio, and X-ray luminosities of starburst. 

From the results of the statistical analysis, we have found that there is a linear relationship 

between LX-ray and LFIR for star-forming regions, with a flat slope (0.45±0.07) and good partial 

correlation equal to R≈0.57.  This correlation is naturally interpreted in terms of star formation 

activities in galaxies, which in turn implies a correlation between X-ray luminosity and star 

formation rate (SFR). There are good positive relationships between radio luminosity at 

(1.4GHz, 5GHz) with far-infrared luminosity, with steep slopes (Log L1.4GHz α log LFIR
0.89±0.04) 

& (Log L5GHz α Log LFIR
0.79±0.05). The current qualitative physical explanation for such a global 

correlation is that FIR emission is primarily caused by dust grain absorption of UV photons 

emitted by nearby young massive stars, whereas sources of relativistic cosmic-ray electrons are 

primarily associated with magnetohydrodynamic (MHD) shocks of massive stellar winds or 

supernova explosions. 
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