
Introduction  

Spectroscopy is one of the fundamental ways astronomers study objects in space. When an atom 
absorbs a photon, an electron in that atom transitions to a higher energy state. This excited 
electron will eventually return to its ground state, whereupon a photon will be emitted from the 
atom. These transitions between energy levels have unique wavelength profiles, due to 
quantization of energy. These profiles allow astronomers to identify what chemical compound 
absorbed or emitted the photon. When looking at a spectrum, emission causes peaks in the 
radiation at a particular wavelength, whereas absorption causes valleys. The peaks and valleys 
can be matched to particular compounds, which allow us to determine composition of the 
sources of the radiation (see figure 1). This is the main technique used to determine the chemical 
make-up of interesting structures in space, such as protostars.  

My two projects were focused on probing the chemical make-up of Young Stellar Objects 
(YSOs) using two variations of spectroscopy. Both projects focused on the identification and 

measurement of H2O, CO2, and CO ices and gases absorption features in the spectra of YSOs. 
Almost all stars early in their life cycle, known as young stellar objects (YSOs), show ice 
absorption in their spectra (Nummelin et al. 2001). The mechanism that forms ice in these YSOs 
is not well understood (Ito 2013). Determining which ices form together, and in what proportions, 
is the goal of measuring ice features in YSO spectra. If we are better able to constrain the 
proportions in which the ices and gases form, then we will be better able to determine which 
processes create them. My projects utilized AKARI near infrared (NIR) data, both slit and slit-
less data. A telescope such as AKARI is necessary for this type of analysis because the ice and 
gas features occur in the 2-5 micron range of light, most of  which does not penetrate the 
atmosphere. Therefore only space based telescopes can carry out this type of observation. The 
first project used slit data to look at ice absorption in massive YSOs. A model fit was applied to 

Figure 1: Pink arrow indicate emission features and blue arrows indicate absorption features. These occur at specific, 
identifiable wavelengths.  



these spectra in order to analyze the strength of 
the features. The slit-less data was used in my 
second project to identify new objects with 
strong ice absorption features.  

 

Method: Project One 

The first project I focused on used a modeling 
fitting routine by Ito (2013). We applied the 
model to group of massive YSOs to look at the 
peak strengths of various ices and gases with the 
goal of finding correlations between the feature 
strengths. For this project we utilized AKARI’s 

NIR slit data. Slit observations use a physical slit to select the target from the field of view and 
eliminate the light from neighboring sources (See figure 2). We extracted the spectra for our 
study using the AKARI pipeline tools. Our analysis focused on the absorption features, but the 
model fit the emission features as well. The model measured column density, which is the area of 
each of the structures above or below the continuum. In figure 3 the gray line represents the 
continuum and the red line represents the model fit. Water and carbon dioxide absorption can be 
easily identified in the spectrum by looking at the features’ wavelengths. Due to limits on time, 
we only ran ten spectra through the model.  

Figure 2: The pink circle shows the general location of 
extraction along the slit for the first project. 

Figure 3: This shows a fairly average spectrum of observation 3690207 at pointing 1 extracting from a position -7 pixels from 
the center. Water and carbon dioxide ice absorption features are identified. The red line is the model fit, the black lines are 
the data points, and the gray line is the continuum. 



Discussion: Project One 

Once the fits had been produced for all the targets, we generated tables of the ice feature 
strengths. To compare our small sample with other larger projects of similar type such at Ito 
2013, we graphed the column density of water against carbon dioxide and preformed a linear fit 
of the data (see figure 4). The slope of the data is 0.1796, which is close to the accepted value of 

0.18 (Ito 2013). The reason for 
this correlation is not yet well 
understood, but it is a 
seemingly consistent feature 
among similar star populations.  

In one of the spectrum we 
extracted (3690213) we 
identified a broad CO gas 
feature (see figure 5).  We re-
extracted this spectrum from 
many positions along the slit 
and at slightly different 
pointings of the telescope. We 

saw a slight trend in position vs. column density (See figure 6 and 7). The trend becomes much 
more apparent when considering only one pointing.  

Again, such correlations are poorly understood at the present time. Much more investigation is 
necessary to form any concrete notions from these trends. We only considered a small number of 
observations during this project due to time constraints. Adding more observations would allow 

Figure 4: This graph shows the feature strength of carbon dioxide plotted against the strength of water for each of the spectra 
with the error in those measurements. According to fields standards a linear fit is produced and the slope and fit values are 
displayed on the chart. The slope is consistent with previous measurements of similar populations. 

Figure 5: This graph shows the model fit of 3690213 with a strong CO absorption 
feature. 



us to better understand gas and ice chemistry in YSOs and possibly better understand the 
correlations found in this initial research. 

 

Figure 6: This graph shows the column density of water, carbon dioxide, and carbon monoxide for 3690213 as a function of 
the position along the slit for three different pointings of the telescope. 

 

Figure 7: This graph shows a subset of the data in figure 6. This shows the column density as a function of position along the 
slit for the three species, but only for the first pointing. 

 

 



Method: Project Two 

Project Two utilized AKARI’s near 
infrared slit-less spectroscopy data. Slit-
less data does not use the conventional 
slit to select a star from a field of view. 
Instead it records a large field of view, 
leading to an unbiased survey of a large 
number of star spectra. The advantage of 
slit-less data collection is its unbiased 
nature, which allows new YSOs or other 
interesting objects to be identified. 
Pointed observations and slit 
spectroscopy make it difficult to find 
new objects because the number of 
observations is very limited and targets 
much be preselected usually based on 
prior study of the target.  Confusion can 
be a problem in slit-less spectroscopy, 
but special techniques can produce clear spectra even in crowded observations.  

The usual pipeline tools used to extract the slit data proved ineffective in extracting unconfused 
spectra from the slit-less observations we targeted. Using a process adapted from Sakon et al. 
(2012) to work in the near infrared, we were able to extract clean spectra.  First steps were 
carried out to minimize artifacts in our measured spectra. The data was first corrected for cosmic 
rays and dark current. Saturation and bad pixels ere then addressed.  These methods are applied 

to both the NG and N3 data (see figure 8). 
We subtracted zodiacal light using a 
template of typical zodiacal emission. 
Using a template spectrum we subtracted 
Diffuse Galactic Emission at the slit. We 
estimated the shift in position of a single 
observation by looking at the 0th order 
light position for each pointed observation. 
At this point the data is ready to have 
particular source’s spectrum extracted.   

At this point we defined the row in the 
image that contains the interesting target.  
In my project we looked for strong 
absorption features which create dark 

bands in the recorded spectrum for NG (see figure 9). The program then determines what light 

Figure 8: This figure shows the short and long frames of the N3 and 
NG data before and after bad pixel and saturation correction. 

Figure 9: The red box shows the defined target row in the N3 (left) 
and NG (right) data. The source is circled in yellow in the N3 image. 



originates from the target source and what 
light comes from other sources allowing for 
a clean extraction of the target’s spectrum 
(see figure 10). 

Discussion: Project Two 

Using the above techniques we have 
identified a new interesting object, which 
has not been studied previously (see figure 
11). It contains many absorption features 
and possibly the highly interesting 13CO2 
and XCN absorption features. We have 
labeled the ice and gas species likely to 
have caused the various features in the 

spectrum extracted from pointing ID. 1400259.1. 
The water ice and the carbon dioxide and carbon 
monoxide peaks we can identify with a fair 
degree of confidence from the large number of 
such detections in other spectra (Ito 2013). The 
more exotic species are purposed because of 
similarities between this spectrum and spectra 
ST6, ST7, and ST8 in Shimonishi et al. (2010).  
To confirm these identifications model fitting is 
necessary.  

Within the limited time we were only able to 
extract two spectra using this technique. The 
second spectrum shows similar ices and gases 
(see figure 12). There are clearly features from 

water, carbon dioxide. The signal to noise of this 
spectrum is not as good as the previous one so it 
is difficult to identify smaller features. Just 
considering one pointed observation we were able 
to extract two spectra with interesting features. 
This project would greatly benefit from further 
study using model fitting to identify the species in 
each spectrum along with an expansion in the 
number of fields of view investigated.  

Figure 10: This graph show the contribution to the spectra of the 
target in red, diffuse galactic emission with the dashed line, the 
diffuse galactic emission plus other stellar sources in gray, and the 
raw spectrum in black.  

Figure 11: This graph shows the extracted spectrum for the 
first source in 1400259.1 with the absorption features 
tentatively labeled.  

Figure 12: This shows the spectrum of the second source 
extracted from pointing ID 1400259.1. It shows clear water 
and carbon dioxide features.  
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