
Diffuse Nebulae lab

A reference text is required at present:
D.E. Osterbrock, Astrophysics of Gaseous Nebulae and Active Galactic Nuclei, 
1989 (or a more recent edition)

Observation goal: use emission line spectra to measure the temperature, electron 
density, and their gradients as a function of distance from the center of the nebula.

Data acquisition steps:
-------------------------------

1) Focus spectrograph, telescope, and guide camera
2) Take spectra of a neon lamp source for initial wavelength calibration.
3) Choose a bright (V<3 mag) nearby (<15 degrees on the sky) reference star of 
spectral type A.
4) Obtain 3500-7500 A spectra of a diffuse nebula: a star-formation region or a 
bright planetary nebula

- because the spectral range of the spectrograph is about 1000 A, you will 
have to do this in several takes, by adjusting the angle setting of the diffraction 
grating

- every time you change the wavelength setting, make sure to take a 
spectrum of the A star: this is so that you can calibrate the throughout as a function 
of wavelength

- ideally, you will also take spectra of the neon lamp at each wavelength 
setting, but for this lab you may be able to use the wavelengths of known emission 
lines in the nebula.
5) Obtain the above range of spectra at 3-5 distinct separations from the central 
star.  Make sure to record an image with the guide camera at each location, so that 
you know afterwards when reducing and analyzing the data how far you were from 
the star

The most efficient procedure, one that involves the smallest number of 
grating angle changes, would be to scan the entire nebula in one grating setting 
with spectra and images, observe the standard star, change the grating setting, and 
repeat while trying to point roughly at the same locations.
6) Take darks.

Data reduction steps:
-----------------------------
1) Get a master dark at each exposure time, and subtract it from the corresponding 
spectra
2) Extract the spectra with ATV.  Make sure that you are have turned off background 
subtraction when extracting the nebular lines.
3) If you have neon spectra at each grating setting, identify the lines and solve for 
the dispersion (the pixel to wavelength correspondence).
4) Identify lines in the spectra.  The most visible-wavelength common lines in 



ionized nebulae will be due to hydrogen (the Balmer series), singly-ionized helium 
(He II), and forbidden lines from ionized oxygen [O II], [O III], nitrogen [N II], and 
sulphur [S II].  You will need the following lines:

- H-gamma, H-beta, H-alpha (4341, 4861, 6563 A) 
- He I (5876 A)
- [N II] (5755, 6548, 6583 A)
- [O III] (4363, 4959, 5007 A)
- [O II] (3729, 3826 A)
- [S II] (6716, 6731 A)

5) If you haven't found the dispersion solution yet, do so from the nebular lines.
6) Sum up the total flux above the continuum in each line.  Your line strength data 
will now be in units of erg/s/cm^2, but will be arbitrarily normalized.

Data analysis:
-------------------
1) Estimate the size of the H II and, if applicable, the He II region in the nebula, by 
seeing where the H I line (and He I line) disappears in the continuum.  To do this
properly, plot a graph of the measured line strength vs. the expected strength given 
a 1/r^2 law.  Determine at what radius the difference between the two becomes 
significant (i.e., larger than ~2-3x the error on the measurements).

2) Determine the extinction at each location from the H-alpha/H-beta ratio.  
Compare results to tabulated values for case A and B recombination (e.g., Table 
4.4 of Osterbrock), to infer what the expected ratio is without extinction, but only due 
to the temperature of the gas.  The H-alpha to H-beta ratio is in fact not very 
sensitive to temperature or electron density.

3) Determine the gas temperature from the [N II] lines, and if your data are deep 
enough, also from the [O III] lines.  Temperature-sensitive indicators are the line 
ratios:
(F(6548)+ F(6583))/F(5755) - from [N II]
(F(4959) + F(5007)/F(4363) - from [O III]

Compare to tabulated temperatures and ratios in Table 5.1 of Osterbrock

4) Determine the electron density of the gas from the [S II] lines, and if your data are 
deep enough, also from the [O II] lines.  The density-sensitive ratios are:
F(6716) / F(6731) - from [S II]
F(3729) / F(3826) - from [O II]

Compare to tabulated electron temperatures and densities in Table 5.7 of 
Osterbrock.

Discussion:
----------------



1) How large is the H II region - did you detect its outer radius?  Is there an ionized 
He (i.e., He II) region? How large is it?  How significant are your detections of the 
outer boundaries of these regions?

2) How do the electron temperature and density vary with radius?  Do you expect 
them to be decreasing, and if so, how?


