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Structure of HII regions.

After the birth of a new massive star, much of the radiation it emits is in

the ultraviolet part of the spectrum. The interstellar medium surrounding
the star initially consists of neutral hydrogen. The ultraviolet radiation
emitted from the new star, ionizes much of the interstellar medium
surrounding it. When the ionized electrons recombine with protons, they emit
light mostly in visible wavelengths. The ionized region around the star is
called an HII region. The outer edge of the HII region is an ionization front
running into the neutral gas region.

Some of these HII regions have a spherical geometry. The boundary of this
sphere occurs at the radial distance where the rate of photons emitted from
the star in Lyman continuum, equals the rate of ionizations of neutral hydr-
ogen atoms and the rate recombination among electrons and ions.

The study of HII regions is important because it provides us a convenient
way to map the structure of a galaxy. HII regions are very large and lumin-
ous so they can be observed easily. In addition, HII regions allow us to probe
the chemical contents and the star formation in our own Galaxy and other
distant galaxies.

Most of the theoretical work that has been done on HII regions has assumed
that it's electron density is constant; (e.g. McCullough, APJ 2000). Typical
density in the ionized part of the HII region is on average 100 - 1000 /em3
(L.Spitzer, Physical process in Interstellar medium, 1978). Using a constant
radial density simplifies much of the theoretical work. In a realistic case
however, the radial density varies with distance from the star.

At radio wavelengths, continuous emission from HII regions (Bremsstrahlung)
occurs as a result of free-free transitions of electrons in encounters with
positive ions. In an HII region, the amount emission by free-free transitions,

is proportional to (electron density)? ; hence the observed intensity of radiation
can be used to determine electron density. By using a radially varyving electron
density, the emission of radiation as a function of the radius can be calculated.
Using a varying density will give a better estimate for the radial emission.

In my research, I will calculate the radiation emitted as a function of radius
taking into account different radial density functions. This will give different
intensities for the emitted radiation as a function of radii. Such theoretical



profiles calculated for different radial densities will be compared with
observationally measured ones.

After analysing several observational plots for the emitted flux of HII
regions with spherical geometry, it was seen that the points with larger radii
has a center with an offset from the center for the points for shorter radii.
This is a common feature identified in majority of the HII regions with some
spherical geometry that has not been taken into account previously by other
researchers.

At present, there are 74 high resolution radio continuum images of HII
regions available to me. These plots will be used to compare radial densities
among different HII regions and find a general consensus for the new model
for radial density. After looking at several of these plots of HII regions with
spherical geometries, it was evident that they can be modelled as an inner
sphere and an outer shell non-concentrically placed with their centers shifted
by a small offset. My model will be further refined by taking into account this
offset between the centers of the inner sphere and the outer sphere for
calculating the emitted radiation and in addition if the angle at which the
observed axis of symmetry within the HII region 1s also taken into
consideration in the theoretical calculations.

There are two other processes that absorbs the radiation from the central
star and changes the structure of the HII region. Some of the photons emitted
by the star will be absorbed by dust and in optical recombination in addition
to those that were used to ionize neutral hydrogen atoms which then
produced free-free emissions. These absorptions will reduce the radius of the
HII region.

I will use information already available in scientific literature, to find out the
rate of photon emission from the central star in the HII region. Much of the

radiation from the star that is absorbed by dust, is reemitted as far infrared
radiation. By measuring the far infrared emission from the HII region, the
amount of radiation emitted by the dust and the amount emitted in optical
recombination can be calculated. I will then find out how the radius and the
density of the HII region will change due to dust and optical recombination.

The kind of mathematics that will be used in my research is to solve non-
linear differential equations using Runge-Kutta numerical integration
method. T will use the method of least squares fit, to find a match between
the observational results and the different theoretical results for the emitted
radiation for varying radial density functions.



Modified spherical H-I1I regions

Why is the study of H-11 regions an important part of astrophysics.

By studying H-II regions,

* We can learn more about star formation.

* Learn more about the galactic structure.

* Learn more about the physical process in the interstellar medium.
* Learn more about O,B type stars and their distribution.

How will my research on H-II regions be important.

* To better understand the emission of light from a more
realistically modeled H-1I region.

* To find an electron/H-ion radial density distribution function
inside this H-1I region.

* By using non-concentric shell like distributions of electrons/ions
refine the currently built theoretical models.

* Theoretically derive the shapes of non-spherical H-11 regions and
compare with observational results.






