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Abstract 

Since UIBs and PAHs were discovered, astronomers have sought out the structure of this 
organic dust to learn if dust can be used to gather more information about the universe. With the 

combined data of AKARI and Spitzer, we hoped to be able to study the band carriers in NGC 
1569, an irregular dwarf galaxy with relatively low metallicity. Upon analyzing the data, even 

though the two combined missions had the wavelength coverage to probe the behaviors of PAHs, 
there was not enough spatial coverage of the galaxy to discern enough information to form a 
conclusion. For future steps, it is necessary to look at the other galaxies with the data the two 
instruments already took to prepare potential candidates for the upcoming infrared missions 

planned, such as James Webb Space Telescope. 
 
I. Introduction 
 

PAHs or Polycyclic Aromatic Hydrocarbons are the molecules that are believed to 
contain the majority of organic carbon in the universe. The abundancy of PAHs was discovered 
when astronomers began using infrared light for astronomical observations. In 1985, 
Allamandola et. al found that PAHs are the most likely carrier of the unidentified infrared 
emission bands or UIBs found ubiquitously in the universe (Allamandola et. al 1985). The 
strongest UIBs are found at 3.3, 6.2, 7.7, 8.6, 11.3 µm. These wavelengths all correspond to 
different vibrational modes of carbon-carbon bonds and carbon-hydrogen bonds. The 3.3 µm and 
11.3 µm bands come from neutral C-H bonds. While, the 6.2 µm band is indicative of C-C bonds 
of ionized PAHs. The 7.7 µm emission band signals the presence of C-C bonds of ionized PAHs. 
Finally, the 8.6 µm emission band arises from C-H bonds of ionized PAHs. Using these facts, 
they determined that the aggregate emission spectrum of various PAHs bears close resemblance 
to the spectra found in space. However, astronomers are still uncertain on the specific qualities 
and structures of those PAHs. Recent research has proposed that the band carriers may not be 
PAHs but MAONs, or mixed aromatic/aliphatic organic nanoparticles (Kwok and Zhang 2011). 
Meaning that instead of purely cyclical hydrocarbons, the band carriers may consist of 
hydrocarbons whose structures contain both carbon chains and rings.  

In this study, AKARI and Spitzer observational data was combined to study how PAHs 
behave in NGC 1569. NGC 1569 is an irregular starburst dwarf galaxy with a relatively low 
metallicity of 12+log(O/H) = 8.19-8.37 (Greggio et al. 1998). Irregular dwarf galaxies such as 
NGC 1569 are useful to study since their conditions mimic young galaxies that are too distant to 
study. Therefore, by studying low-metallicity irregular dwarf galaxies, the early evolution of 
PAHs can be probed (Galliano et al. 2008b). 
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 AKARI’s infrared camera can detect wavelengths between roughly 2-5 µm. While, 
Spitzer’s infrared spectrometer can detect wavelengths that range from 5-38 µm. Together, these 
two satellites allow for the analysis of various emission lines and the physical environment of the 
galaxy. From the various spectra across the galaxy, we can calculate the integrated line intensity 
of various emission lines of metals and PAHs. The typical ratio used the 7.7 µm/11.3 µm band 
intensity ratio to determine the size of the molecules. However, since the 7.7 µm and 11.3 µm 
bands arise from C-C bonds of ionized PAHs and C-H bonds of neutral PAHs, respectively, the 
ratio does not only indicate the size of the molecules. The ratio of the 6.2 µm/7.7 µm bands do 
not have such a problem. But, they are not sensitive to the PAH size since their wavelengths are 
so similar in energy. Therefore, the purpose of this study was to combine the data from Spitzer 
and AKARI to test whether the 3.3 µm/11.3 µm band intensity ratio is a more viable ratio to use 
to determine the size of the PAHs since both bands arise from C-H bonds of neutral PAHs. 
 
II. Data Analysis 
 
 The AKARI data for this galaxy was taken in September 2008. The Spitzer data was 
taken at various times ranging from March 2004 to March 2006. The data from AKARI and 
Spitzer were reduced by Dr. Ronin Wu of LERMA using standard toolkits of data reduction. 
After data reduction, the data was imported into python for further analysis. In python, the data 
was taken from the FITs files and converted into arrays corresponding to the instrument the data 
came from. The data was only analyzed in the area of the most overlap of instruments shown in 
figure 1 below.  
 

 
 

Fig. 1: Image of NGC 1569 with Overlapping Areas of Spitzer and AKARI Instruments. The two diagonal 
shapes depict the two pointing slits of AKARI while the other polygon represents the region with the most overlap 
of the Spitzer instruments. 
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For each pixel, the corresponding data from the instruments was found. Figure 2 is a full 
spectrum from one pixel located at RA 67.69621 DEC +64.84766. 

 
Fig. 2: Full Spectrum from one Pixel of Data. 
 
There were ten different modes of the spectroscopy in total on the AKARI and Spitzer missions. 
AKARI had two slits for spectroscopy and Spitzer had eight different segments for spectroscopy. 
Figure 2 is a table that contains the names and wavelengths detectable by each. 
 

Fig. 3:  List of AKARI and Spitzer Instrument Used and Wavelengths Detectable by Each.   
 
Then, the spectra were fitted to gaussians centered around the wavelengths that correspond to the 
most prominent UIBs and important fine structure lines. Figure 3 contains the lines and bands 
that we focused on. The fitting was done through the curve fit function in python’s scipy 
optimize package. The data was fitted to a gaussian added to a linear function of the form,  

( ) = ( ) + +   (1), 
where  is the central wavelength and  is the standard deviation of the gaussian. From figure 3, 
we can see that the 7.7 µm emission band can be detected in its entirety with just Spitzer Short 
Low 1, or SL1. However, it is on the edge of the range of wavelengths that SL1 can detect and 
therefore, a less reliable data point. Since the 7.7 µm emission band is one of the most important 
lines for this study, it is imperative to get reliable data for this band. Therefore, to get a more 
reliable spectrum for the 7.7 µm is found is to stitch multiple spectra together. Spitzer’s SL1, 

Instrument Wavelength Range Lines 
AKARI Ns 2.357 - 5.153 µm 3.3 µm, H 
AKARI Nh 2.357 - 5.153 µm 3.3 µm, H 

Spitzer Long High 19.125 – 37.156 µm OIV, FeII, SIII, SiII 
Spitzer Short High 9.973 – 19.433 µm 11.3 µm, SIV, NeII, NeIII, SIII 

Spitzer Long Low 1 20.55 – 38.415 µm OIV, FeII, SIII, SiII 
Spitzer Long Low 2 14.267 – 21.052 µm NeIII, SIII 
Spitzer Long Low 3 19.484 – 21.501 µm None 
Spitzer Short Low 1 7.534 – 14.737 µm 7.7 µm, 8.6 µm, 11.3 µm 
Spitzer Short Low 2 5.243 – 7.598 µm 6.2 µm 
Spitzer Short Low 3 7.368 – 8.669 µm 7.7 µm, 8.6 µm 
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SL2, and SL3 combined cover 6.5 µm to 9.5 µm, more than enough range to extract the full 7.7 
µm emission band.  

 
Fig. 4:  Extracting the 7.7 µm Emission Band from SL1, SL2, and SL3 Spectrometers. Although these spectra 
seem to be already well stitched together by Spitzer, sometimes the spectra are not quite as well stitched. In 
those cases, constants are added to two of the three spectra to make them a more continuous curve. 
 
After the gaussians were fitted to the spectra, they were integrated to get the integrated line/band 
intensity. The integrated line/band intensities were put into new arrays. After all the data 
collection was finished, the arrays were reformatted into FITs files once again. 
 
III. Results 
 
 After the integrated line/band intensity was obtained for all the wavelengths of interest, 
the ratios of the integrated line/band intensities were compared to known relationships to verify 
the accuracy. In figure 5ab, the relationship between the integrated band intensity ratios is found 
to be roughly linear (Galliano et. al 2008). The ratios are graphed below in figure 5ab. 
 

 
Fig. 5ab: Ratio Test to Verify the Reliability of the Data. As shown in Galliano et al., there is a linear 
relationship between the band intensity ratios between 7.7/11.3 µm and 6.2/11.3 µm. They also showed that 
there is a similar relationship between the band intensity ratios between 7.7/11.3 µm and 8.6/11.3 µm. 
 
From graphing the ratio between the 6.2 µm and 11.3 µm integrated band intensity vs. the ratio 
between the 7.7 µm and 11.3 µm integrated band intensity, we find that there is a very good 
linear relationship between the two. Therefore, we can conclude that the data for the 7.7 µm and 
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6.2 µm bands is relatively reliable. As for figure 5b, the relationship between the 8.6 µm/11.3 
µm band ratio vs. the 7.7 µm/11.3 µm band ratio is a bit more ambiguous. From these two 
graphs, since the 7.7 µm band data is deemed to be reliable, we can conclude that the 8.6 µm 
integrated band intensity is not as dependable.  
 Next, to further verify the 7.7 µm/11.3 µm band ratio, the excitation ratio, it was 
compared to the NeIII/NeII ratio, or ionization fraction. Figure 6, below, plots the PAH 
excitation ratio vs. the corresponding ionization fraction for that area of galaxy. From the linear 
relationship established in figure 6, the accuracy of the 7.7 µm/11.3 µm band ratio can be 
confirmed due to the known linear relationship with the PAH excitation ratio and ionization 
fraction (Onaka 2016). 

 
Fig. 6: Plot of PAH Excitation vs. Ionization Fraction Using NeIII/NeII Band Ratio. 
 
After ascertaining the veracity of the data, a graph of ionization vs size was made using the 6.2 
µm /7.7 µm band ratio. Figure 6 is a plot of the size ratio, 6.2 µm/7.7 µm, vs. the ionization ratio, 
11.3 µm/7.7 µm.  

 
Fig. 7: Plot of Ionization vs. Size of PAHs using 6.2 µm/7.7 µm Band Intensity Size Ratio 
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Then, a similar plot was made using the 3.3 µm/11.3 µm band ratio.  

 
Fig. 8: Plot of Ionization vs. Size of PAHs using 3.3 µm/11.3 µm Band Ratio. Unfortunately, there were only 
six pixels of data that had the 3.3 µm,7.7 µm, and 11.3 µm emission lines. 
After combining the data and integrating the spectra, there were only nine pixels of data that had 
both 3.3 µm and 11.3 µm emission bands detected by the instruments and only six data pixels 
that had the 7.7 µm, 3.3 µm, and 11.3 µm bands. 
 
IV. Discussion  
 

From figure 5ab, the data was determined to be reasonable and confirms previously 
known ratios. However, due to a lack of statistically significant data, the question posed at the 
beginning of this paper cannot be addressed. The reason why we had so few pixels was that the 
AKARI slits have a different orientation compared to the orientation of the Spitzer spectra while 
the data was taken, as seen in figure 8.  

 

 
Fig. 9: Image of AKARI Nh (red) and Spitzer SL1 (blue) Instrument Overlap. 
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Future research may consist of looking through the AKARI and Spitzer data archives to 
find other potential galaxies to analyze. With the coming of James Webb Space Telescope in 
October 2018, there is another chance to study this ratio and its ability to trace the size of PAHs 
in space. 
 
V. Conclusion 
  
 For this project, the purpose was to determine whether the 3.3 µm/11.3 µm band intensity 
ratio is a more suitable ratio to probe the size of PAHs compared to the 6.6 µm/7.7 µm band ratio 
or not. To do this, data from AKARI and Spitzer missions were combined. Specifically, the data 
for the dwarf galaxy NGC 1569 was analyzed in this paper. After finding the integrated band 
intensity of the various emission bands, the accuracy of the spectra and the emission bands was 
verified using known relationships. To investigate the use of the 3.3 µm/11.3 µm band ratio vs. 
the 6.2 µm/7.7 µm band ratio, two similar graphs were created. The 6.2 µm/7.7 µm band ratio, 
which traces size, was plotted against the 11.3 µm/7.7 µm band ratio, which traces ionization of 
the molecules. Then, the 3.3 µm/11.3 µm band ratio was plotted against the 11.3 µm/7.7 µm 
ratio. The 3.3 µm/11.3 µm band ratio theoretically indicates the size of the molecule better than 
the 6.2 µm/7.7 µm ratio. However, there were only six pixels of data that contained all the 
necessary emission bands to test the 3.3 µm/11.3 µm band ratio vs. the 7.7 µm/11.3 µm band 
ratio. Therefore, more experimentation and data analysis are needed to draw meaningful 
conclusions on the 3.3 µm/11.3 µm emission band ratio. Future research goals would be to look 
through the rest of the AKARI and Spitzer data to find other galaxies that may have more 
overlapping pixels or to wait until JWST launches, since JWST will be able to gather the full 
range of infrared wavelengths necessary to study these ratios. 
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