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Thesis Summary 
Distant quasars, nuclei of active galaxies, are often redder and dimmer than average quasars. 

This is partly due to interstellar dust in galaxies in the line of sight between the observer and the 

quasar. In this work, the observed spectra of quasars selected because of gaseous absorbers in 

sightline are analyzed and fit using a template spectrum of a quasar combined with extinction to 

fit the spectrum. From these fits, it can be determined whether the observed spectrum was 

reddened and dimmed and to what extent. Looking at the interstellar reddening and extinction of 

quasars helps with understanding the type of dust in the distant galaxies in front of the quasar 

and how it compares to dust in our galaxy. 
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Abstract 
Interstellar dust in galaxies has a profound effect on the galaxies’ light output and apparent 

properties as well as on the physical processes connected to star formation. Therefore, to 

understand the true properties of the galaxies around us, it is important to understand the dust in 

those galaxies and compare it to the dust in our galaxy. To do this, we study the effects of dust 

on background quasars by analyzing interstellar reddening and extinction. It has been shown that 

many quasars look redder and dimmer than the average quasar when observing them from Earth, 

due to the dust in our line of sight. In this project, we analyze observed spectra of quasars with 

previously identified moderately strong gaseous absorbers along the sightline and compare them 

to a template quasar spectrum to see if the observed spectrum was dimmed or reddened by the 

dust in galaxies located along the line of sight. We do this by fitting the observed spectra to the 

characteristic quasar template spectrum combined with three different extinction curves 

representative of the Milky Way (𝑅𝑉  =  3.08) , Large Magellanic Cloud (𝑅𝑉  =  2.76), and 

Small Magellanic Cloud (𝑅𝑉  =  2.74). Looking at the best fit 𝐸𝐵−𝑉 value and the smallest 

reduced 𝜒2 value, we determine which extinction curve best fits the observed quasar’s 

continuum in the UV-optical part of the spectrum. It was found that most of the 𝐸𝐵−𝑉 values 

were negative and close to 0, which meant that there was not a lot of dust in the foreground of 

the quasars to cause reddening.  

Keywords: quasar, extinction, dust, interstellar medium, reddening, galaxy, spectrum 
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1 Introduction 
 

The spectra of distant quasars are obscured by dust clouds from galaxies situated in front of the 

quasar in the line of sight of the observer. A quasar is a nucleus of an active galaxy with a central 

accreting super massive black hole in which the center is extremely luminous and brighter than 

the rest of the galaxy. In the advanced stages of a star’s formation, dust is released in the 

interstellar medium, or space between star systems in a galaxy (Jones, 2009). It could be ejected 

into the medium by stellar explosions (supernovae) or outflows and is subjected to grain 

processing in the interstellar medium. This dust is different from the organic dust commonly 

found on Earth. Interstellar dust is composed of small, solid particles, smaller than the common 

dust with particle sizes measured in units of microns or Angstroms (1 Å = 10-10 m = 10-4 m). 

Each particle is about one nanometer to one micrometer in diameter. Interstellar dust could be 

made of carbon rich compounds, silicates, or other types of chemical compositions such as 

metallic oxides (Jones, 2009). Dust can even exist in outer part of the galaxies, including the 

circumgalactic medium (CGM).  

Although dust makes up only about 1% of the mass of the interstellar medium, it is important to 

understand due the effects it has on interstellar gas and its functions in the interstellar medium 

(Zhuravlev, 2020). Dust shields the gas so it can from and retain molecular hydrogen. It cools the 

gas to facilitate the hydrogen and serves as a catalyst for molecular formation. It also shields the 

gas from ionizing radiation so that there would be no disassociation of molecules. Gravitational 

collapse is a contraction of any object due to its gravity which brings matter towards the center 

of gravity. Dust can heat and cool interstellar gas and the dust grains provide a site where 

molecules can form (Juvela et al., 2020). Understanding dust and comparing it to dust in our 

galaxy is important since dust is instrumental in star formation.  
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Dust affects background objects by dimming them or by making them look redder. The dimming 

is called extinction while the reddening is known as interstellar reddening. The magnitude of 

these effects on quasars and stars and galaxies are due to the dust’s composition, dust abundance 

or column density, and geometry of the dust and stars relative to each other (Cousin et. al, 2019). 

The dust grain size affects the dimming and reddening of the quasars since the dust absorbs and 

scatters blue and ultraviolet light more than red light. Thus, different dust clouds with different 

dust grain sizes will affect the quasars in different ways. In addition to extinction, there are also 

specific absorption and emission features such as the 2175 Å bump which results from a given 

chemical composition and grain morphology of the dust.  

Three extinction curves, extinction as a function of wavelength, were used to analyze the effects 

of interstellar reddening and dimming on the observed quasar. These are representative of the 

dust in the Large Magellanic Cloud (LMC), Small Magellanic Cloud (SMC), and the Milky Way 

(MW). Each galaxy has a different dust grain type that differs by size and therefore is subject to 

a different average 𝑅v value, defined as  

 Rv  =  
AV

E(B−V)
 (1) 

Here, the denominator 𝐸(𝐵−𝑉)  =  𝐴𝐵 −  𝐴𝑉 where 𝐴𝐵 is the extinction in magnitudes in the blue 

band and 𝐴𝑉 is the extinction in magnitudes in the visible band (Mörtsell, 2013). Dust is not 

homogenous even in a galaxy, so each region in a galaxy could have a different 𝑅v value. MW 

has an average 𝑅v value of 3.08, LMC2 has an average 𝑅v value of 2.76, and SMCbar has an 

average 𝑅v value of 2.74. These values are based on the extinction curves determined from 

observations of a large number of stars in each galaxy. The extinction curve LMC2 is for the 
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Large Magellanic Cloud supershell region, while the SMCbar extincton curve is for the dust in 

the optical bar region of the SMC.  

These different curves differ in the strength of the 2175 Å bump and in the steepness of the far-

UV rise (see Fig. 1).  

 

Figure 1 Left: Interstellar extinction curves in the Milky Way for different values of Rv. Higher values of 

Rv produce a flatter rise in the far-UV (large 1/). Right: A comparison of the Milky Way, LMC2 

supershell, and SMC bar extinction curves. Also shown is the extinction curve for the LMC. The different 

curves differ in the strength of the 2175 Å bump and the far-UV rise. Both panels are adopted from Li et 

al. (2015). 

2 Data 

2.1 Data Used  

Table 1 shows the quasars studied including their emission and foreground galaxy absorption redshifts 

which are used when analyzing the quasar spectra. 

  

NED Name 

Absorber 

redshift 

(zabs) 

Emission 

redshift 

(zem) 

 

ION 

 

log Ncol 

 1 PG 0003+158 0.366 0.45 HI 18.40 

2 UM 321 0.3989 1.07 HI 18.81 

3 LBQS 0256-000 1.1984 3.377 MgII - 

4 3C 232 0.005 0.53 MgII - 

5 MRK 0132 1.6842 1.76 HI 18.89 

6 [HB89] 1115+080C 1.7353 1.722 HI 18.03 

7 PG 1206+459 0.9254 1.155 HI 18.43 
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8 LBQS 1229-0207 0.3953 1.038 MgII - 

9 PG 1241+176 0.9927 1.283 HI 18.05 

10 SBS 1259+593 0.0464 0.472 HI 18.11 

11 [HB89] 1331+170 1.7605 2.097 HI 20.79 

12 PG 1338+416 1.0973 1.204 HI 18.48 

13 UM 632 0.8903 2.522 MgII - 

14 SDSSJ170100.61+641209.0 2.4394 2.74 HI 18.62 

15 SBS 1704+608 0.3646 0.371 HI 19.10 

16 OI363 0.0912 0.635 - - 

 

Table 1 shows the list of objects that were studied in this project which were selected because 

they had a previously identified, moderately strong, gas-rich absorption system along the 

sightline. The observed optical spectrum of each quasar listed above was downloaded from the 

Sloan Digital Sky Survey archive (http://skyserver.sdss.org/dr16), and included the wavelength, 

flux, and uncertainty of the flux. The wavelength was in units of Angstroms and the flux was in 

cgs units (Flux is the energy received from the quasar per second per area per Å.). The observed 

spectra for each quasar in Table 1 in optical, infrared (IR), and ultraviolet (UV) wavelengths 

were compiled by our group using data downloaded from the Sloan Digital Sky Survey, the 

Spitzer Space Telescope, and the Hubble Space Telescope, respectively. In this project, we focus 

only on the optical wavelengths from around 4000 to 9000 Å. Quasars in the optical and infrared 

regions have different template spectra. 

A template spectrum, assumed to be the quasar’s intrinsic spectrum, is the quasar spectrum 

before any light is absorbed and scattered by anything in the foreground (see Figure 2). It was 

made from thousands of quasar spectra that were obtained from the Sloan Digital Sky Survey 

and averaged by Sloan. In this project, the template spectrum was used as a reference for the 

observed spectra for comparison and to analyze the effects of dust on the quasar spectrum.  
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Figure 2 is the template spectrum used when fitting objects in the optical wavelengths. This was obtained 

from the Sloan Digital Sky Survey. 

The goal of this project was to find which extinction curve best fits the continuum of the quasar’s 

observed spectrum, i.e. the region in between the absorption and emission lines. Windows were 

made to exclude any narrow emission and strong absorption features in the observed spectrum so 

as to determine the continuum accurately. The emission features come from the quasar itself, 

while the absorption features come from atomic and molecular gas that is found in front of the 

quasar. This assumes that the expected central wavelength of the redshift 2175 Å bump of the 

foreground absorber does not lie directly on top of a strong emission line from the quasar (which is the 

case for all absorbers in our sample). 

2.2 Method for Obtaining Data 

As explained before, the template spectrum adopted for the quasars in the optical region was 

derived from the Sloan digital sky survey. However, the template for quasars in the infrared 

region are obtained from Hatziminaoglou et al. (2005).  
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3 Fitting 

To decide which extinction curve best fits the spectrum, a code was run on each of the observed 

quasar spectra curves to see how it varies compared to the template spectrum and by what factor 

the template should be renormalized to fit the spectrum. To find the most accurate flux 

renormalization factor, the template was shifted into the observed frame of the quasar using:  

 

 

λobs

1 + zem
 =  λrest 

 

(2) 

where 𝜆𝑜𝑏𝑠 is the observed wavelength of the observed spectrum, 𝑧𝑒𝑚 is the emission redshift of 

the quasar, and 𝜆𝑟𝑒𝑠𝑡 is the corresponding wavelength in the rest-frame of the quasar. Then, the 

flux renormalization factor was calculated based on the ratio: 

 

 

observed flux at 𝜆𝑜𝑏𝑠

template flux at 𝜆𝑟𝑒𝑠𝑡
 =  flux factor 

 

(3) 

where the flux factor used to multiply by the quasar template to shift it to fit the observed 

spectrum. This does not give the exact flux factor though, partly because of dust extinction 

effects, but is a good starting point. The template spectrum is only shifted up and down using the 

flux factor, but then is reddened using the extinction curve so it can fit the observed spectrum.  

The code is run for each object using each of the extinction curves for a grid of values of flux 

normalization in steps of 0.5 and E(B-V) in steps of 0.01. For each flux factor and E(B-V) value 
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in the grid, the predicted flux is calculated after including the effect of reddening the quasar 

template by dust at the absorber redshift and the corresponding 2 is calculated as: 

 

 

χ2 = ∑  (
fobserved − fpredicted

error in fobserved
)2  

 

(4) 

The corresponding reduced 2 is given by 2 = 2/(n-1), where n is the number of points in the 

observed spectrum of the quasar. A perfectly constrained fit would yield 2 = 1. 

After running the code on the quasar using each of the extinction curves, the minimum reduced 

𝜒2value is found for each extinction curve template. Therefore, each object has a minimum 

reduced 𝜒2 value for each extinction curve. The smallest of these minimum reduced 𝜒2 value 

then determines which extinction curve gives the best fit.  
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4 Results   

Figures 3, 4, 5 show examples of our fitting for 3 different quasars.  
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Figure 3 shows the observed spectrum of LBQS 1229-0207 compared to the template file from the Sloan 

Digital Sky Survey. Also shown are the fits of the spectrum using the three extinction curves: SMCbar 

(flux norm value = 25.0, E(B-V) = 0.06, minimum reduced 𝜒2 = 2.78); LMC2, (flux norm value = 32.5, 

E(B-V) = 0.12, minimum reduced 𝜒2 = 2.68); Milky Way (flux norm value = 44.5, E(B-V) = 0.17, 

minimum reduced 𝜒2 = 2.45).  The rest wavelength for this object ranges from about 2744 Å to about 

6597 Å. 

 

Figure 3 shows an example of our fitting for a quasar that is reddened by dust. From Table 2, it is 

shown that the best fit 𝐸𝐵−𝑉 values for this object were positive indicating an extinction is 

required. From the panels shown in Fig. 3 the observed flux, black curve, is less steep in the blue 

range (below about 5500 Å) than in the red range in all three of the graphs of the extinction curve 

fits. This means that the quasar was reddened. The best fit in this case is provided by the Milky 

Way extinction curve.  
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Figure 4 shows the observed spectrum of LBQS 0256-0000 compared to the template file from the Sloan 

Digital Sky Survey. There also the fits of the spectrum using the three extinction curves: SMCbar (flux 

norm value = 4.0, E(B-V) = 0.04, minimum reduced 𝜒2 = 5.14); LMC2 (flux norm value = 4.0, E(B-V) = 

0.04, minimum reduced 𝜒2 = 3.91); Milky Way (flux norm value = 2.50, E(B-V) = -0.06, minimum 

reduced 𝜒2 = 3.87). The rest wavelength for this object ranges from about 1633 Å to about 4721.7 Å.  

 

Figure 4 shows our fitting results for the quasar LBQS 0256-0000. It can be seen that the 

steepness of the observed spectrum is not much different on the blue side than on the red side. 

This is also shown in Table 2 where the best fit 𝐸𝐵−𝑉 values are slightly positive for this quasar 

when fit with the SMCbar and LMC2 extinction curves, but negative when fit with the Milky 

Way extinction curve. (The negative values do not have a physical significance and suggest a 

slight mismatch between the template spectrum and the fitted quasar spectrum.) It is also 

important to note that the Milky Way extinction curve was the best fit for this quasar. Thus, the 

dust in the foreground absorber did not have much of an effect on the quasar with regards to 

interstellar dimming and reddening. 
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Figure 5 shows the observed spectrum of [HB89] 1331+170 compared to the template file from the Sloan 

Digital Sky Survey. There also the fits of the spectrum using the three extinction curves: SMCbar (flux 

norm value = 38.0, E(B-V) = -2.9E-8, minimum reduced 𝜒2 = 4.47); LMC2 (flux norm value = 35.9, 

E(B-V) = -0.01, minimum reduced 𝜒2 = 3.85); Milky Way (flux norm value = 35.9, E(B-V) = -0.01, 

minimum reduced 𝜒2 = 4.28). The rest wavelength for this object ranges from about 1305 Å to about 

3764 Å. 

Figure 5 shows fitting results for the quasar [HB89] 1331+170. As shown in the figure, the 

predicted flux is lower than the observed flux in the blue range indicating that this quasar is not 

reddened. From Table 2, one can also see that the best fit 𝐸𝐵−𝑉 values are negative for all three 

extinction curves, again indicating a slight mismatch between the template and the fitted quasar. 
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Table 2 shows the best flux normalization, best fit E(B-V), and the minimum reduced chi squared values 

for each extinction curve for each object. The highlighted minimum reduced chi squared values 

correspond to the best fit extinction curves for that quasar. The best fit E(B-V) values written in red 

correspond to a quasar that is reddened.  

 NED Name Extinction 

Curve 
𝑅𝑣 

Value 

Best Flux 

Normalization 

Best Fit 

E(B-V) 

Minimum 

Reduced 

𝜒2 

1 PG 0003+158* SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

0.90 

0.90 

1.00 

-0.08 

-0.05 

-0.01 

4.8E-2 

5.3E-2 

5.5E-2 

2 UM 321 SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

25.0 

20.5 

20.0 

-0.06 

-0.10 

-0.09 

1.50 

1.56 

2.55 

3 LBQS 0256-000 SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

4.00 

4.00 

2.50 

0.04 

0.04 

-0.06 

5.14 

3.91 

3.87 

4 3C 232*** SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

95.5 

140.0 

139.0 

0.10 

0.18 

0.13 

68.5 

68.4 

79.9 

5 MRK 0132 SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

34.5 

31.0 

30.5 

-0.02 

-0.04 

-0.04 

6.21 

4.70 

4.61 

6 [HB89] 1115+080C SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

30.0 

30.5 

32.5 

-0.01 

-0.01 

-3.0E-8 

1.30 

1.75 

1.97 

7 PG 1206+459** SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

91.0 

91.0 

91.0 

-3.0E-8 

-3.0E-8 

-3.0E-8 

8.71 

8.71 

8.71 

8 LBQS 1229-0207 SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

25.0 

32.5 

44.5 

0.06 

0.12 

0.17 

2.78 

2.68 

2.45 

9 PG 1241+176 SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

65.0 

65.0 

65.5 

0.02 

0.02 

0.02 

5.61 

5.75 

5.94 

10 SBS 1259+593*** SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

89.0 

80.0 

80.0 

-0.20 

-0.15 

-0.11 

18.8 

45.0 

66.4 

11 [HB89] 1331+170 SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

38.0 

35.9 

35.9 

-2.9E-8 

-0.01 

-0.01 

4.47 

3.85 

4.26 

12 PG 1338+416 SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

35.0 

36.5 

35.0 

0.01 

0.02 

0.01 

1.68 

1.62 

1.61 

13 UM 632 SMCbar 

LMC2 

2.74 

2.76 

2.50 

2.50 

0.03 

0.03 

3.82 

3.66 
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MW 3.08 2.50 0.03 3.92 

14 SDSSJ170100.61+641209.0*** SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

21.5 

20.0 

20.0 

-0.01 

-0.02 

-0.02 

32.6 

32.7 

35.4 

15 SBS 1704+608*** SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

191.5 

180.0 

180.0 

-0.05 

-0.06 

-0.05 

39.2 

43.7 

49.8 

16 OI363 SMCbar 

LMC2 

MW 

2.74 

2.76 

3.08 

35.0 

20.0 

20.0 

-0.13 

-0.25 

-0.20 

4.60 

4.89 

7.73 

 

* For PG 0003+158, the minimum reduced 𝜒2 value is 0.048, which means it is a really good fit. 

However, this object was not observed in SDSS, and the data available in the literature had no 

uncertainties. Therefore, the uncertainties were estimated, and these estimates could be 

underestimates of the true uncertainties, which may explain the low 𝜒2 value.  

** For PG 1206+459, the minimum reduced 𝜒2 values are essentially identical for the Milky 

Way, LMC2, and SMCbar extinction curves. In any case, this matters little since this object is 

essentially unreddened. 

*** For these objects, the smallest reduced chi squared minimum is high, indicating a poor fit. 

Thus, it is possible that the template spectrum does not fit the observed spectrum well and a 

different template may be needed. 

The table above, Table 2, shows the best flux normalization, best fit 𝐸𝐵−𝑉, and minimum 

reduced 𝜒2 values for each extinction curve on each quasar. The best fit 𝐸𝐵−𝑉 values that are 

positive indicate reddening; these values are shown in red in Table 2 The minimum reduced 𝜒2 

values that are highlighted in yellow indicated the smallest value and correspond to extinction 

curve that best fits the quasar spectrum. 
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5 Conclusions   

In this project 16 objects were analyzed as shown in Tables 1 and 2, all of which were in the 

optical region. Of those 16 objects, the best fit extinction curve of 9 of them was formally 

SMCbar. This means that the dust with the absorption redshifts in Table 1 are most similar to 

SMCbar. From Figure 1, we see that SMCbar is flat, it does not have a 2175 Å bump, and is 

steeper in the UV region. Thus, the dust for those 9 objects did not produce a 2175 Å bump and 

has a steeper UV rise. However, looking at the E(B-V) values in Table 2 for those objects, the 

values are relatively small. The object PG 1241+176 was the only object that had SMCbar as the 

best fit extinction curve as well as a positive E(B-V) value, which was also small. Milky Way 

and LMC2 were the best fit extinction curves for the rest of the objects in the table. The E(B-V) 

values were also either negative or relatively small for these objects. Therefore, we can conclude 

that were was no significant extinction or reddening and so there was not much dust in the 

foreground of those quasars. The negative E(B-V) values in these cases suggest a slight 

mismatch between the template spectrum and the fitted quasar spectrum. 

From Table 2, there were 5 objects that had positive E(B-V) values, in which 3 of these objects 

have Mg II measurements as shown in Table 1. The other two objects have H I measurements 

including PG 1338+416 that has a small Mg II measurement. From these 5 objects, two had 

LMC2 as their formal best fit curve, two had Milky Way, and one had SMCbar. The objects with 

a positive E(B-V) value correspond to objects with various absorption redshifts. Two of the 

objects from Table 2 had an E(B-V) value that was greater than 0.15, which means that there was 

an adequate amount of reddening. Therefore, there is no significant correlation between the E(B-

V) values and the absorption redshift for the dust in the foreground of each object. There are two 

objects in Table 2, SBS 1259+593 and OI363, that have very low E(B-V) values. For these 
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objects we do not sample regions shorter than 4000 Å in the rest wavelength, and thus we cannot see 

the effects of reddening.  

Future work would include working on the spectra in the UV region as well on the infrared 

region. This means that the template for the infrared objects would be that from Hatzimagalou et 

al. (2005). For those objects that have infrared spectra, we will combine those with the optical 

spectra to obtain improved dust extinction estimates, and then examine any trends between the 

improved E(B-V) values and metallicity, H I column density or redshift.  
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