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Purpose of Observation

• As a student of astronomy I have learned 
that spectroscopy a very powerful way to 
learn about the cosmos.
– I wanted to do a spectroscopic observation to 

learn how it is done for my future work
• I desired to utilize the Adaptive Optics of 

Keck to resolve the fine disk features.



Instrumentation
• The W.M. Keck 

II telescope 
atop Mauna 
Kea.

• NIRC2 infrared 
imager and 
spectrometer 
used with 
adaptive optics.

• Image Source: 
http://pegasus.phast.umass.
edu/a101/images/keck.jpg



NGC 7027
• NGC 7027 is used to test 

the performance of 
instruments.

• It is a planetary nebula 
which a has a high 
excitation and emission 
lines at 3-4µm.

• NGC7027 is 12” in size, 
we observed only a small 
portion of it.

• HST Image source: 
http://antwrp.gsfc.nasa.gov/apod/ap980
325.html



Observation Procedure
• The observation was on 

June 25, 2004 Hawaii 
Time.

• Starting at dusk we took 
sky flats in all the filters 
that we were using that 
night.

• Once dark at 8:00pm, we 
started observations of 
NGC 7027 and the rest.

• At the end of the night a 
number of Dark frames 
were taken with different 
integration times.



Spectrum Analysis

• There are many elements that combine to 
form the observed spectrum.
– The thermal emission form the optics.
– The emission and absorption features of the 

sky.
– The amount of light the filter allows to pass 

through it at specific wavelengths.
– Other feature that we do not know about.



Spectroscopic Calibration

• Additional spectra are taken for calibration.
– A Sky spectrum shows the emission from the 

sky as well as the telescope.
– A standard star spectrum allows one to 

calibrate the spectra for wavelength.
• Dark frames and flat fields are taken to 

measure and correct instrumentation 
imperfections.



Data Reduction 1

• The purpose of data reduction is to 
remove all the systematic errors and noise 
from the instrumentation and telescope.

• Dark current is charge that accumulates in 
the array over time and is measured in a 
Dark frame.

• A flat field measures and corrects for the 
differences in pixel to pixel sensitivities.



Data Reduction 2

• We start with the 
standard star.

• Multiply the 
standard star 
model by the 
atmospheric 
transmission.

• Provides a model 
spectra for the 
standard star.



Data Reduction 3
• Next, compare 

the observed 
spectrum with the 
model spectrum.

• Adjust the 
model’s features 
to fit the features 
in the data.

• The lines are on 
top of each other 
thus a good fit.



Data Reduction 4
• Take the difference of 

two frames to remove 
the black body and sky 
emission from the 
spectrum.

• This spectrum is 
modulated by the sky’s 
transmission and the 
telescope’s 
transmission.

• The static look is due to 
a low signal to noise 
ratio.



Science Spectra Results
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Results
• NGC 7027 is emitting at 3.29, 3.31, and 3.33µm.
• NGC 7027 is emitting at 4.05µm
• Measured wavelengths confirm previously 

observed PAH features at 3.29µm by, Scott A. 
Sandford in The Astrophysical Journal, v.376, pg. 599-607, 1991 August 1.

• 4.05 micron line found in Allen’s Astrophysical 
Quantities, ed.4 to be a Brα-Hydrogen I line with 
known value of 4.052µm.

• This is the first wavelength solution calculated 
for NIRC2 in the 3-4 micron range.



The Essential Keck Experience

• Living in cool windy 
Waimea.

• Being stranded far 
from home.

• Working with great 
people at W.M. Keck.
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