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Abstract:The Vela Molecular Ridge Cloud D (VMR-D), is in need of
further study. It is not clear at what stage of development its core clusters are
at when it comes to early star formation. Computer models, mathematical
equations, only give an estimated predictability factor as to what extent
star formation may or may not be occurring. Therefore, what is needed is
an added capability to not only image the Cloud D area, but also attain
extreme close up images of not only the outer boundaries of VMR-D, but to
also determine what the diameter of the inside boundaries are as well.
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1 Applications Concerning VMR-D

We present not only theoretical observations of a large-scale dust contin-
uum of 1.2 mm of a ≈ 1.0 area within Cloud D, but we also present and
demonstrate in images and models of different versatile/variable young star
formations. We further show this under the following subtitles:

• Metallically;

• Gas and dust temperature as a function radial distance, from outer to
inner region; and

• Visual extinction threshold for star formation and cosmic ray ionization
rate as function of radial distance concerning VMR-D.

∗MSc, Doctoral Student in Astrophysics at Tabriz University and Assistant Lecturer
at Paiam Noor University (Tabriz, Iran) e-mail: samadi.aunia@gmail.com

1

116



The first methodology will pertain to two different technologies. The first
is entitled Infinite Microscopic-Macroscopic Imaging (IMMI); the second is
entitled EXO-SCOPE. When combined these two technologies have the ca-
pability to attain the aforementioned.

Next we first consider any and all data applicable to this paper (in the
first galactic example) pertaining to the molecular cloud area specifically
known as VMR-D. Which is comprised of four molecular cloud known as A,
B, C, and D. VMR-D is the first galactic molecular cloud to be studied. Its
compositional makeup comprises of cosmic dust, which is a concentration of
elements, mostly hydrogen and helium and the ones heavier than helium,
which is also known as metallicity that are responsible for the formation of
stars in our galaxy and throughout the universe.

In VMR-D there are what seem to resemble and have striking similarities
1 to what are known as Bok Globules [3]. The globules are named after
astronomer Bart Bok, who proposed their existence in the 1940’s. However,
these globules, are not and unlike similar types of globules, that would may
be expected to be seen in infrared images of NGC-281. Where here the
globules appear to have star forming characteristics. However, unlike what
is seen in VMR-D the globules in NGC-281 likely just like a star forming
molecular cloud can become perturbed and form small pockets where the
dust and gas are highly concentrated.

These small pockets become gravitationally bound and accumulate dust
and gas from the surrounding area. The likely difference as to what resemble
molecular clouds in NGC-281, is that these molecular origin clouds may
accumulate enough mass where they just get to a point of almost being able
to formulate the birth of new stars in their cores. However, not all Bok
Globules will form stars. Some will dissipate before they can collapse to
form stars. That may be what’s happening to the globules seen in NGC-281.

1The similarities of the Bok Globules and what we see in the Vela Molecular Clouds is
that they are almost opaque to visible light, that in the star formations there are usually
observations of dense stars that appear to have like black deep hollow between them. Other
similarities include the VMR-D complex, is that the globules seem to exhibit being less
than 100 solar masses size. They also have similarities in dust and emission characteristics.
Futhermore seems to have similarities, near star formations that may be between 100,000
to 2,000,000 years in age. As the last observable similarities there also seems to be a slow
sequential star formation in the darker parts of VMR-D as well. Some of this is also based
upon observational study of extreme close up images involving [19]
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However, this is not the case in VMR-D. Rather, what is happening here is
quite the opposite.

Figure 1: VMR-D (Source: NASA, 2010)

Therefore what has to first be determined is VMR-D’s diameter, bound-
aries, outer to inner dimensions. Before other factors such as metallicity, gas
and dust temperature as a function radial distance from outer to inner re-
gions of VMR-D are able to be determined, the visual extinction threshold for
star formation, and cosmic ray ionization rate as function of radial distance
concerning VMR-D are able to be determined. Which is better explained
and described under the next subtitle and as seen in Figure 1.

2 Determining the Diameter of VMR-D

Diameter of image area is approximately 675 light-years (ly) (Figure 1).
The VMR-D molecular cloud to be studied is about 165 ly in diameter. These
perimeters help determine boundaries for VMR-D.

It is important to note that once the inner and outer boundaries for VMR-
D have been presented and demonstrated that the outside boundary to inner
boundary measurement can help become established for VMR-D. It is here
within this area that the areas of research in this paper will be further inves-
tigated to a much larger degree.
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Figure 2: Closer view of VMR-D (Source: NASA, 2010)

The white circle depicts VMR-D. The above is an image of the VMR
A, B, C, and D molecular clouds. The IMMI technology attain closer and
closer images of VMR-D (within the white circle in Figure 2), the IMMI
technology will reveal to the most diverse and prolific aspects will be that
back scattered Raleigh light spectrum colors involving the IMMI infrared
technology capability will be representational that as images from the outer
to inner boundaries of this are attained. The white circular area is most
likely where the foremost part of what this research paper will investigate.

When it comes in trying to ascertain and understand the correlation be-
tween VMR-D and its capability of star formation there has to be a foun-
dation laid down to first hypothesize and than theorize as to what type of
formation resides in this lessor studied region of the VMR. Lorenzetti [10],
based on Flux Isotope Reactor (FIR) fluxes from the Infrared Astronomy
Satellite (IRAS) Point Source Catalogue, derived a mass distribution with
an index ≈ 1.5 for the brightest protostars in the Class I stage associated
with the Vela Molecular Ridge. This was also later substantiated by Massi
[12], involving that most luminous IRAS sources are consistent with young
clusters, in the VMR-D. Whereas Massi [12], in 1999, also discusses that
most massive star clusters seem to dominate the FIR emission. Therefore,
to Lorenzetti [10] Massi [12] if both of these references are correct, than this
could also mean that the core mass spectrum of the most massive stars origi-
nated by a core that is proportionate to the core’s mass itself. So, under such
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circumstances it is very likely that the core mass spectrum would also affect
the mass spectrum of the most massive stars of every stellar group and, the
stellar Initial Mass Function (IMF) would be dominated by the fragmenta-
tion undergone by the single cores. This also expressed again by Jørgensen
in 2006 [8].

3 Determining the Outer to Inner Bound-

aries of VMR-D

Figure 3: Closer view of VMR-D (Source: NASA, 2010; Ronald
Stewart, 2013)

The left image in Figure 3 depicts a semi-circular outline presenting and
demonstrating the generalized area of research in this paper for VMR-D. The
projected image to the right depicts an enlarged projected IMMI infrared im-
age of the generalized area that is being research in VMR-D. Figure 3 depicts
to the right a projected IMMI infrared enlargement of many spectrographic
color spectrums. The principal aim and goal for Figured 3 is to first establish
approximate outer to inner boundaries for the areas that are to be studied.
The approximate diameter for the VMR-D to be studied is about 165.0 ly.
In approximately the middle of the right image of Figure 3, shows a dou-
ble yellow arrow. The left side of the arrow marks the approximate outside
boundary of the VMR-D, while the right side of this yellow arrow marks the
approximate inside boundary of the VMR-D cloud at approximately 82.5
ly in diameter. It is here within the outside to inner boundaries that the
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VMR-D will specifically be further studied. However, the IMMI technology
will also attain much deeper views and images of this specific area of study
of the VMR-D cloud as well.

4 Determining the Infrared Color Spectrum

Variations in the VMR-D Involving Star

Formation

Bart Bok hypothesized that giant molecular clouds, were on the order of
hundreds of light-years in size. As can be seen in Figure 3 the diameter of the
VMR-D cloud is closer to the order of almost 200 ly in diameter. However,
what does the IMMI infrared image present and demonstrate? The color
spectrum within the IMMI infrared image color spectrum reveals that two
rules should apply. Which are:

• The infrared light seen from these baby stars does not come directly
from the stars, but rather from the dust around them, which glows as
the nascent stars, heat young stellar objects as its immediate products.
It is closely related to planet formation and Planetary - another branch
of astronomy. The star formation theory, as well as accounting for
the formation of a single star, must also account for the statistics of
binary stars and the initial mass function. This may also be explained
in theoretical and probability terms. Meaning that the IMF is most
likely describes the distribution of initial mass for young star formation
probability. distribution function, and where the hydrogen fusion is
beginning to take place in the early to young star as they continue to
evolve.

• The color-coded example shown in Figure 4 and 5 reveals more as to
what is involved in star formation. Stars in this stage of evolution in
theory possibly could emit less IR, if and when are in their early stages
of formation.

5 Attaining Metallicity Within VMR-D

What is seen in Figure 4 is a very great amount of stellar diversification. In
2008, Massi [4], presents and demonstrates in Figure 1 (IRS-17) also known as
VMR-D that according to past WISE instrumentation that VMR-D has the
greatest amount of it early star formation where the yellow circled outline
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Figure 4: Metallicity ratio at VMR-D (Source: Ronald Stewart,
2013)

appears in the image to the left in Figure 4. Between the outer to inner
boundaries of this molecular cloud as also shown in Figure 3 and in the right
image of Figure 4, indicated by the double angled horizontal yellow arrow.
That measures the diameter of the outer to inner boundaries of VMR-D at
about 82.5 ly.

In Figure 4 the color coded bar on the far right will give an approximate
indication of the metallicity that is seen on a number of different star colors
seen. Especially, in the yellow circled outline on the image to the like in
Figure 4. The metallicity can be color coded as either low-high metallicity
stars according to the color coded bar on the right by color. Meaning that the
highest metallicity stars would be red in color down to the lowest metallicity
stars being purple, as seen at the bottom of the color coded bar. To the
Figure 4 the IMMI technology depicts the results of it spectroscopic color
coding imaging capability. The higher metallicity color ratios are depicted
in the opaque shape image to the left in Figure 4. Where an example some
of the lower metallicity color coded ratios are seen in the image to the right
that also are indicated in the areas where the double horizontal arrows point
to as well.

New forming stars overall bulk seem to be required to bulk up via rapid
gas accretion. Near the globules are bright blue stars, is a tight grouping
of extremely hot, massive stars with an immense stellar wind. The stars
emit visible and ultraviolet light that energizes the surrounding hydrogen
gas. This gas then becomes super-heated in a process called ionization, and
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it glows pink in the image. When the specific area within the yellow circled
outline is further observed the jagged structure of the dust clouds is as if
they are being stripped apart from the outside. The heavy fracturing of the
globules may appear beautifully serene but is in fact evident of the harsh, vi-
olent environment created by the nearby massive stars. They are silhouetted
against the luminous pink hydrogen gas of the emission nebula, creating a
stark visual contrast. The dust knots are opaque in visual light. Conversely,
the nebulous gas surrounding the globules is transparent and allows light
from background stars and even background galaxies to shine through. The
hydrogen emissions geminate in a pink color while the red, blue, and green
light help establish the true color of the stars in the field.

So, essentially what does this all mean? It means that in stars that are
colored coded as seen to the far right in the metallicity color code bar that
what also has to be taken into consideration is the star to planet metallicity
ratio. In other words, according to the Sanders [18] discusses that there is
an ever growing amount of scientific evidence that higher metallicity stars
help one or more exoplanets to develop in their star systems compared to
low metallicity stars.

Therefore when it comes to the color metallicity chart bar to the far right
in Figure 4, what has to be looked at is that within the yellow circular outline
in the image to the left, is that the areas within the yellow circular outline
that are colored red, red-orange, and orange to brown are the most developed
areas. The denser ISM indicates possible evolved conditions that may be fur-
ther indications of fragmentation below the 0.08 M sun level critical to some
areas maybe not reaching a fully evolved state of eventual planetary forma-
tion around some stars, and have a chance of having one of more exoplanets.
Whereas the continuing colors on the color bar next depicting yellow color
would like show exoplanets in the middle of formation within these areas.
Followed by the green, blue, and purple area would present and demonstrate
earlier and earlier and earlier star formations inside VMR-D according to
their relative metallicity, temperature, density. Which theoretically could
depend on their total mass and radius.

However, since the IMMI technology also has the capability of attaining
additional deeper images within the outer to inner boundaries of VMR-D;
the color spectrum bar to the far right in Figure 4 provides additional in-
formation as well. It will also give strong suggestive evidence as to what
type of metallicity exists within each area that is being studied in this paper.
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So, as far as the area within the yellow circular outline what is specifically
discovered?

Figure 5: Blue Stars in VMR (Source: NASA, 2010; Ronald Stew-
art, 2013)

The image on the left is part of an original infrared image from NASA
(Figure 5), of the entire VMR A to D clouds. Whereas the image on the
right is a IMMI enhanced image. Depicting extremely hot blue stars and will
have a very strong stellar wind. This certainly will affect numerous aspects
of not only star formation and development, but also exoplanetary formation
as well. As far as some of these blue stars are concerned some may relate to
some of the blue stars such as HD-75724. The Cloud D of the Vela Molecular
Ridge appears to be the most developed cloud on an imaging evaluation and
its minor structures tend to appear smaller than the VMR C, as further
discussed in Yamaguchi article [18].

The IMMI technology also reveals that from the outer to inner bound-
aries of VMR-D measuring 82.5 ly within the yellow circular outline this
portion of the cloud there is also made of two H II regions 2 with numerous
similarities like Gum 14 (RCW-27) and Gum 17 (RCW-33). Which again
would be affected by the heating factors of the actual position of the blue
giant HD-75759, located at about 1,000 parsecs away and associated with
the VMR D, along with other stars also responsible for the ionization of its
gas, such as HD-75724. This is also true with stars in the Vela region like
HD-75710 as well.

2An H II region is a large, low-density cloud of partially ionized gas in which star
formation has recently taken place.

9

124



This is also consistent with what is discussed in other papers by Avedisova
[1]. A catalog of star-forming regions in the galaxy and young stars associated
with the Vela Molecular Ridge [17]. However, the IMMI technology also
shows there are many other blue stars like HD-75724 in this region being
studied in this paper as well. Which are all applicable to Wien’s Displacement
Law. The types of stars are placed in the Table below to help the reader
understand some of the star types that may exist in VMR-D that is under
study.

Table 1: Spectral Star Types

Spectral Intrinsic Temperature Absorption
Class Color (oK) Lines
O Blue 41,000 He+, O++, N++, Si++, He, H
B Blue 31,000 He, H, O+, C+, N+, Si+

A Blue-White 9,500 H(Strongest), Ca+, Mg+, Fe+

F White 7,240 H(Weaker), Ca+, ionized metals
G Yellow-White 5,920 Same as F / Neutral Metals
K Orange 5,300 Ca+ (Strongest), Neutral Metals
M Red 3,850 Strong Neutral Atoms, Ti

The different spectral star types in Table 1 are presented, in order to
give a variable comparison on some of the star types that may be in the
VMR-D cloud. The column to the entitled Absorption Lines, offers a better
description of the type of metallicity that exists in the VMR-D cloud as well.

The end result than for the metallicity is that from the outer to inner
boundaries of VMR-D involves all of the elements in the periodic scale re-
garding star metallicity is concerned is in agreement with Faúndez [5]. Where
in this article there is detailed description and detail that the cores’ masses
have been determined within an ionized gas to dust ratio of 100, a temper-
ature of about 30 oK. However, with a balanced dust opacity k 1.3 = 0.5
cm2g−1 at 1.3 mm. However, it was also assessed in agreement with Motte
[14] and Testi [20] , that suchlike values could also be values as high as 1
cm2g−1 are very likely. Thereby being very typical of very dense regions (n
H > 107 cm−3). As also expressed by Ossenkopf [16], such as, e.g., circum-
stellar envelopes. This would also mean that the IRAS fluxes would most
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likely be at approximately 60 to 100 µm, as well. Which is also in agreement
with the paper by Liseau [9].

6 Temperature Ratios Along The Outer To

Inner Boundaries of VMR-D

Temperatures starting at the outside boundary of VMR-D are in the range
30 oK and 43 oK for the inner 82.5 ly inner diameter boundary for VMR-D.
Derive a typical temperature of 32 oK for the cold dust component by a
two-components fit to the spectral energy distribution (SED) in high-mass
star forming regions. In agreement with Beltrán [2].

7 Gas and Dust Temperature As A Function

of Radial distance From The Outer To In-

ner Regions of VMR-D

The IMMI imaging evidence also presents and demonstrates at this point
at looking at the 82.0 ly diameter from the outside to inside boundaries as
previously depicted in Figures 3 and 4. Presenting and demonstrating that
the gas and dust temperature as a function radial distance, from outer to
inner 82.5 ly diameter for the VMR-D cloud.

It is also believed that some of these cores may be colder pre-stellar cores,
and decreasing the dust temperature to 15 oK would increase the derived
masses by a factor 2.5 to 3.5 external heating could drive the temperature of
pre-stellar cores towards higher values.

Evidence of heating resulting from a strong external radiation is also be-
lieved to exist in the VMR-D. The IMMI imaging technology agrees with the
estimation given by Jørgensen [8]. Where in this paper protostellar cores also
show the presence of energetic sources exhibits a high degree of clustering.

The derived sizes span the interval from the observed diameter of pre-
stellar cores in cluster-forming regions to that of cluster-forming cores, or
isolated pre stellar cores. The achieved typical sensitivity of 20 mJy/beam
translates into a point source mass sensitivity, at a 1 s level, of ≈ 0.2 M�,
using the above adopted temperature, opacity and distance.
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However, how far is the distance of this area as far as sign the yellow
opaque shaped egg-shaped outline as seen further in Figure 6? This is seen
next in the Figure 6.

Figure 6: Blue Stars in VMR-D (Source: Ronald Stewart, 2013)

Again in a second yellow circular on Figure 6 outline marks the approx-
imate specific area that will continue to be investigated deeper with the
VMR-D cloud which presents and demonstrates an outside to inside smaller
set of boundary lines measuring approximately 40.0 ly in diameter. At this
point the metallicity is no doubt the same as the previous 82.5 ly diameter
outside to inside boundary lines. The aqua arrow depicts to area to go deeper
into.

As far as the visual extinction threshold for star formation and cosmic
ray ionization rate as function of radial distance concerning VMR-D. An
extinction threshold for star formation agrees with the estimation suggested
by Johnstone [7]. Where in this paper it is estimated that a A ≈ 7 to 9 mag
is consistent with CO(1-0) integrated intensity enhancements and mm cores,
and CO(1-0) is a good tracer of gas. The velocity dispersion(s) entering the
virial mass has been determined by using the paper by Fiege [6]. Which
is consistent with the gas temperature of 30 oK that the IMMI technology
was able to detect by thermal color spectrum imaging patterns. This also
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includes an assessment that the filaments lie well within the larger filaments
of molecular gas. The IMMI technology also finds using we derived the
external pressure P on the cores using McKee [11], as not only a consistent,
but also an agreeable guide. Given the average column density is ≈ 10cm−2

S towards the gas encompassing the denser filaments, the pressure over the
cores’ surface is ≈ 5x105 oK cm−3. Assuming a density of 105 cm−3, the
cores’ inner pressure is given by P = s102ρ, i. e., in the range 1 to 5x107 oK
cm−3.

Figure 7: Cores in VMR-D (Source: Ronald Stewart, 2013)

The IMMI technology was also able to estimate that in such cores, where
it is likely new star formation is occurring, that from the outer to inner
boundaries, as seen in Figures 4 and 6, measuring 82.5 ly. Whereas the same
estimations in all of the aforementioned apply the same at the smaller outer
to inner measurements seen in Figure 7 that has an approximate diameter of
40.0 ly.

The same estimations will also most likely apply to the smaller outer to
inner boundary measurements as seen in Figure 7 measuring approximately
5.0 ly. The only difference is as seen in Figure 7 that as seen as far as the
metallicity color spectrum bar as seen in Figure 4 shows that most of the
earliest star formations are occurring in the purple colored spectrum at the
bottom of the color coded bar as seen in Figure 4. This equates to what is
also seen in Figure 7 where above the horizontal measurement bar reading
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5.0 ly, several smaller remnants of VMR-D (purple colored) molecular clouds
are seen. It is here with these clouds that there is most likely the earliest star
formation is occurring in just one of several examples that could be given for
the VMR-D cloud.

The only difference of what is observed in the IMMI images in Figure
7 at outer to inner measurement diameters of about 5.0 ly. It also seems
that there is also an exponent factor , that is sensitive to the fraction of
warm dense gas within the given aforementioned area that measuring 5.0
ly. The IMMI technology depicts that there is likely a sample, decreasing
with increasing fraction factor accounting for the exponent lies between these
smaller purple remnants of the purple colored much smaller molecular clouds.
That also indicates that there is turbulent fragmentation. Suggesting gas
condensations in different development stages, due to new forming stars.

8 Conclusion

A preliminary conclusion is drawn at this point because as what has pre-
sented and demonstrated in this paper about as to what is happening in
the galactic application in VMR-D has reached a point of saturation as to
what may further be shown in this paper regarding the inner and outer mea-
surements as small as shown in Figure 7 now at a diameter measurement of
approximately 5.0 ly.

The research and a deeper investigation into the star forming area from the
outside to inner boundaries measuring 5.0 ly and smaller will be continued
in this paper’s on-line video media presentation, which will go even deeper
into this early star formation. However, not only will the video continue to
show what the star forming region looks like at a measurement of 5.0 ly, but
will even take a much deeper and closer look at the stars that are in different
stages of development within this region as well.
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