Deep Space
Astrophotography

“My God, it’s full of stars!”

(David Bowman )

Ken Bates & Bonnie Ryder



setup

e A s 4
Specialized equipment . e

e Astro tripod & mount, telescope, guide scope, cooled
camera, focuser, dew heaters, filters, etc

* All computer controlled

 Three camera types:

* One shot color (OSC) has RGGB Bayer matrix, takes
RGB images, may use dual band filter (Ha, Oiii)

 Mono has no Bayer matrix, uses external L, R, G, B,
Ha, Qiii, and Sii filters for each “color”

 DSLR (Internal filter blocks some Ha signal)
Different techniques than “normal” photography
 Multiple long exposures over many nights

* Jypically 2-10 minutes per exposure

* Images stacked to increase detail and reduce noise

 Minimum of 2 hours total exposure time, best if 20+ hours




The images

* All shot locally (Black Forest & Pueblo West)
* All shot from driveway or back patio

« Some RGB, some narrowband (Ha, Sii, Oiii)

* Additional images:

» https://bonnieryder.smugmug.com

» http://macbates.smugmug.com

» https://www.astrobin.com/users/macbates/

 Contact:

* |pscgal@icloud.com

e macbates@icloud.com



http://macbates.smugmug.com
https://www.astrobin.com/users/macbates/
mailto:ipscgal@icloud.com
mailto:macbates@icloud.com

NGC 4038/4039 ~ o

Antenna Galaxies

The Antenna Galaxies are a pair of galaxies that ,
are currently in the process of colliding, and are B o

expected to merge and form a single galaxy '

within the next 400 million years. The galaxies ' .
are named due to their long tails that resemble

insect antenna. These tails consist of stars, gas,

and dust that has been ejected as a result of L

the collision. Interestingly, a similar fate awaits

our own Milky Way Galaxy when it collides with | g
the Andromeda Galaxy sometime in the next 4 ° :
billion years.

This image consists of 27 hours and 26 minutes : | ' .
of total exposure time, shot over 8 nights in o
March and April, 2023.



M 51
Whirlpool Galaxy

The Whirlpool Galaxy is about 23 million light-
years from Earth.

The smaller, yellowish galaxy is NGC 5195
which has been moving behind M 51 for over
600 million years. The gravitational forces from
this interaction has resulted in gasses and stars
from both of them being pulled out of shape.

Taken with a one shot color camera this is a
wide band RGB image processed in PixInsight
and finished in Capture One. It consists of 444
frames @ 3 min each for a total integration time
of 22h12m of data which was collected over 5
nights in April & June, 2023.




CTB-1
Garlic Nebula

This is an image of the Garlic Nebula, which is a
very faint supernova remnant located in the
constellation Cassiopeia. The nebula was
discovered in the mid 1950s and was thought
to be a planetary nebula and was classified as
Abell 85. About 15 years later more research
showed that it was a supernova remnant, and
was cataloged in the Cal Tech Observatory
catalog B as CTB-1.

It is an extremely faint object, and without
narrowband filters is almost impossible to
photograph. This image is a narrowband image
using the Hubble SHO palette, with Sulfur 2 in
the red channel, Hydrogen alpha in the green
channel, and Oxygen 3 in the blue channel.

The image consists of about 51.5 hours of total
exposure time, taken over a two week period in
late September early October, 2023.




SH2-224

Rice Hat Nebula

The Rice Hat Nebula aka Bird's Nest Nebula is
actually a super nova remnant that is estimated
to be 14,700 light-years away from Earth and
resides in the constellation Auriga.

It is a very faint object and requires many hours
of imaging to gather enough data for a good
Image. | was very lucky to have had an 8 night
string of clear skies when the Rice Hat was
available over my house from 8pm until dawn. |
ended up with 658 images for a total exposure
time of 54h55m.

If you look closely at the top of the bubble just
above and to the right of a fairly bright star,
there is a very faint galaxy named PGC 168857.
| was amazed to capture it in my image as it is
over 700 Million light-years from Earth!

| used the L-eXtreme dual band filter to capture
the data and processed it in Pixinsight using
the Hubble HSO pallet. This pallet assigns a
golden color to the hydrogen alpha gas
frequencies and blue to the oxygen3 gas
frequencies.




M 16

Eagle Nebula

This is a close-up look at the interior of the
Eagle nebula showing both the iconic Pillars of
Creation and, off to the left, the Dark Pillar.
These pillars, which are composed of gas and
dust, are areas of intense star formation. The
pillars themselves are gradually being eroded
by the radiation of the newly formed stars, and
are expected to disappear completely in the
next few thousand years.

This is a narrowband image using the Hubble
SHO palette, which shows Sulfur 2 in the red
channel, Hydrogen alpha in the green channel,
and Oxygen 3 in the blue channel.

This image consists of 38 hours and 18 minutes
of total exposure time, shot over 8 nights in
June, 2023.




IC 405

Flaming Star Nebula

The Flaming Star Nebula is an emission nebula,
with billowing interstellar clouds of gas and
dust that lie about 1500 light-years away from
Earth toward the constellation Auriga.

The star lighting up the flame is AE Aurigae, a
massive and intensely hot O-type star. It is a
runaway star that is moving rapidly through
space and was likely ejected from a collision of
multiple star systems in the vicinity of the Orion
Nebula millions of years ago.

This image consists of 257 frames @ 5 min
each for a total integration time of 21h25m of
data which was collected over 6 nights in
November, 2022.




M 81

Bode’s Galaxy

Bode’s Galaxy is a spiral galaxy located about
12 million light years away in the constellation
Ursa Major. It is about 96,000 light years in
diameter and contains a massive black hole of
about 70 million solar masses.

A faint blue patch may be seen slightly below
Bodes in this image, which is a dwarf galaxy
cataloged as PGC28757. This galaxy is thought
to have been created due to a close encounter
between Bodes (M81) and the Cigar Galaxy
(M82) and NGC 3077. The gravitational
iInteraction between the galaxies ripped older
stars from Bodes, forming the new galaxy,
where star formation is currently quite active.

This is a wideband (LRGB) image consisting of
18 hours and 30 minutes of total exposure time,
shot over 4 nights in February, 2023.




SH2-101

Tulip Nebula

SH2-101 is a bright emission nebula that lies in
the constellation Cygnus and is about 6000
light-years from Earth. It is referred to as the
Tulip Nebula since it appears to resemble the
outline of a tulip when imaged photographically.

| used the L-eXtreme dual band filter to better
capture the hydrogen alpha (red) and oxygen3
(blue) gasses.

This image consists of 413 frames @ 5 min
each for a total integration time of 34h25m of
data which was collected over 9 nights in Sept.
2022.




M 101

Pinwheel Galaxy

The Pinwheel galaxy is a colorful spiral galaxy
located Iin the constellation Ursa Major. It Is
about 21 million miles from Earth and 170,000
light years in diameter, which is about 70%
larger than the Milky Way. It contains around
one trillion stars as well as a large number of
hydrogen |l star forming regions. The galaxy is
not perfectly symmetrical due to the
gravitational effects of neighboring galaxies, as
IS evidenced by some of the arms of the galaxy
being pulled out from the center more than
others.

This is a wideband image consisting of 16
hours and 48 minutes total exposure time, shot
over 6 nights in late February and early March,
2023.




NGC 2244

Rosette Nebula

The Rosette Nebula is a Hydrogen Alpha
emission nebula located about 5200 light-years
from Earth in the constellation Monoceros.

| used an L-eXtreme dual band filter allowing
more signal to be captured from the Hydrogen
Alpha and Oxygen3 gases without interference
from moonlight or light pollution. This results in
the ability to bring out more nebulosity detall
during processing.

This image consists of 363 frames @ 5 min
each for a total integration time of 30h15m of
data which was collected over 8 nights in Nov.
& Dec. 2023.




NGC 2244

Rosette Nebula

The Rosette nebula (more properly, Rosette B)
IS an emission nebula located in the
constellation Monoceros and is about 5,200
light years from Earth. The center of the nebula
contains about 2,500 young stars, which are
quite young at only 4 million years old. The
stellar wind from these stars have cleared the
center of the nebula, while their ultraviolet
radiation illuminates the surrounding nebula.

This is a narrowband image using the Hubble
SHO palette, and consists of 23 hours and 48
minutes of total exposure time. The data was
collected over a 4 night period in mid
November of 2023.




IC 443

Jellyfish Nebula

IC 443 is a huge, bright supernova remnant
with tendrils that make it truly look like a
jellyfish. It is about 5000 light-years from our
planet and resides in the constellation Gemini.

This cosmic jellyfish is part of an expanding
debris cloud from a massive star that went
supernova. Light from the explosion first
reached Earth over 30,000 years ago.

The attached object in the upper right, also a
part of the debris cloud, is a small portion of a
larger and fainter nebula cataloged as Sh2-249.

The Jellyfish is also known to harbor a neutron
star, which is the remnant of the collapsed
stellar core.

This image consists of 147 frames @ 10 min
each for a total integration time of 24h30m of
data which was collected over 6 nights in Feb.
2023.




|IC-63

Ghost of Cassiopeia

The Ghosts of Cassiopeia are (not surprisingly)
located in the constellation Cassiopeia, and are
approximately 610 light years from Earth. There
are two ghosts, IC 59 and IC 63, with IC 59
(only partially shown in this image) being much
fainter. The nebulae are illuminated by the
radiation from nearby star Gamma Cas, which
is off the right side in this image, and is only 3
or 4 light years from the nebulae. Both nebulae
are slowly fading (as all good ghosts are wont
to do) under the intense radiation from this star.

This image is a grayscale one, and was taken
using a OSC with a dual band filter (Ha and Oiii)
to isolate the illuminated hydrogen alpha
gasses. It has a total exposure time of 17 hours
and 50 minutes, and was shot over a 5 night
period in October, 2022.




SH2-261

Lower’s Nebula

The Lower's Nebula is found on the outermost
edge of our Milky Way and is about 3300 light-
years from Earth.

This large faint region of predominantly ionized
hydrogen (red) and a bit of Oxygen3 (blue) gas
Is named after Harold and Charles Lower, a
father & son amateur astrophotography team,
who discovered this nebula in 1939.

This image consists of 132 frames @ 10 min
each for a total integration time of 22hrs of data
which was collected over 8 nights in Dec. 2022.




NGC 7023

Iris Nebula

The Iris nebula is a bright reflection nebula
located about 1,300 years from Earth in the
constellation Cepheus. Its name is derived
from the bright blue center, which resembles an
Iris flower when viewed under higher
magnification. The massive dust clouds
surrounding the nebula glow with a reddish hue
due to the dust grains converting the central
star's ultraviolet radiation into visible red light.

This is a wideband (LRGB) image with a total of
19 hours and 12 minutes exposure time, shot Iin
late September and early October of 2023.




NGC 7380

Wizard Nebula

The Wizard Nebula is a cosmic cloud of
Interstellar gasses surrounding an open star
cluster also designated as NGC 7380.

This Gandolph of the Universe is located within
the Milky Way Galaxy, about 7200 light-years
away from the Earth in the constellation
Cepheus.

Star formation in this region has been going on
for the last 5 million years or so, making it a
relatively young nebula.

This image consists of 302 frames @ 5 min
each for a total integration time of 25h10m of
data which was collected over 4 nights in Aug.
& Sept. 2023.
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IC-417 & NGC 1931

Spider and Fly Nebula

The Spider (IC-417) and Fly (NGC 1931) are two
emission nebulae located in the constellation
Auriga. The Spider is further away at 10,000
light years distance, while the Fly is 7,000 light
years away.

Both of these nebulae consist of clouds of gas
and dust, and both contain active star forming
regions. The two bright stars in the Spider
nebula are not part of the nebula and are
actually much closer at 450 light years from
Earth.

This narrowband image using the Hubble SHO
palatte has a total exposure time of 25 hours
and 56 minutes, and was shot over 12 nights in
February and April, 2024.




NGC 7635

Bubble Nebula

The Bubble Nebula and its associated cloud
complex lie 7100 light-years from the Earth near the
constellation Cassiopeia.

There is a hot, O-type star within the nebula that is
several hundred thousand times more luminous and
45 times more massive than our Sun. The bubble is
formed by the fierce stellar wind and radiation from
this star blasting the glowing gas against the denser
material in the surrounding molecular cloud.

The object in the lower right hand corner is a
planetary nebula (PLN 112-0.1) which lies about
5200 light-years from Earth. Its unusual shape
leads some experts to suggest that it may be a rare
object in our Milky Way Galaxy. Me-I think it looks
like my kitty’s face who went to heaven 2 years
before | took this image.

| also took artistic license and decided to not add
the stars back in as | felt the copious amount of
stars in this area distracted from the nebula’s
details.

This image consists of 297 frames @ 5 min each for
a total integration time of 24h45m of data which
was collected over 5 nights in Oct. & Nov. 2022.
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1C-410

Tadpole Nebula

The Tadpole nebula is an emission nebula
located in the constellation Auriga, and is about
12,000 light years from Earth. The nebula is it
by intense radiation from star cluster NGC
1893, which is located in the center of the
nebula.

The “Tadpoles” which are seen to the upper
right of center, are clouds of dust and gas, and
are active star forming regions. The “tails” of
the tadpoles point away from the center of the
nebula, due to the stellar winds and radiation
from the star cluster in the center of the nebula.

This is a narrowband image, and has a total
exposure time of 23 hours and 7 minutes. It
was shot over a 6 night period in December,
2023.




IC 1396

Elephant’s Trunk

The Elephant’s Trunk Nebula is a dense region
of dust and gas found within the considerably
larger star forming region IC 1396 in the
Cepheus constellation. It is located
approximately 2400 light-years from Earth.

Designated IC 1396A, the elongated globule of
dust and gas was named the Elephant’s Trunk
because it resembles an elephant’s head and
trunk at visible wavelengths, appearing as a
dark patch with a bright rim.

This image consists of 162 frames @ 5 min
each for a total integration time of 13h30m of
data which was collected over 7 nights in Sept.
& Oct. 2022.




NGC 7000

Cygnus Wall - detail

The Cygnus Wall is a small portion of the North
American Nebula. This nebula closely
resembles the North American Continent, and
the Cygnus Wall is located where the Gulf of
Mexico would be. It is approximately 20 light
years in length.

The wall is an area of intense star formation,
and is composed of large clouds of dust and
gas. The darker area of the nebula at the upper
left contains numerous Herbig-Haro objects,
which are bright areas of nebulosity thought to
be from newly formed stars. This nebulosity
occurs when ionized gas is ejected at high
speed from these stars, and then collides with
the nearby clouds of gas and dust. These
objects vary in brightness over the span of a
few years as the ionized gas moves throughout
the gas clouds.

This image uses the Hubble SHO palette, and
consists of slightly over 29 hours of total
exposure time. It was shot over a 14 day period
in August and September, 2023.




IC 1795

FishHead Nebula

IC 1795 is an emission nebula that lives at the
narrow tip of the Heart Nebula (IC 1805) in the
constellation Cassiopeia. It is an area of new
star formation with glowing gas and dust
located about 6000 light-years from Earth.

This image consists of 196 frames @ 5 min
each for a total integration time of 16h20m of
data which was collected over 4 nights in early
in Oct. 2023




SH2-86

SH2-86 is a small emission nebula located in
the constellation Velpecula, and is about 6,000
light years from Earth. The pillar structures in
the center of this image, which are similar to
those in the Eagle Nebula, are thought to be
clouds of dust and gas formed by radiation
from the nearby star cluster. This star cluster,
which is in the center of this image, is NGC
6823, and is relatively young at only 2 million
years old.

This is a narrowband image using the Hubble
SHO palette, consisting of 22 hours and 50
minutes of total exposure data collected over 7
nights in October, 2023.




NGC 6888

Crescent Nebula

NGC 6888 is an emission nebula that resides
about 5000 light-years from Earth and lies in
the constellation Cygnus the Swan. It is
located just southwest of Sadr, the central star
of the ‘Northern Cross’, which is the prominent
asterism that forms the swan’s neck, body and
wings.

The star responsible for the nebula’s shape and
glow is the Wolf-Rayet star, WR 136 located
within the center of the nebula. The red glow is
Hydrogen Alpha gas and the blue is Oxygen 3
gas that glows from the atoms of gas being
excited by this intensely hot star’s radiation and
stellar winds.

This image consists of 189 frames with a mix of
3 & 5 minutes each for a total integration time
of 8hd55m of data which was collected over 4
nights in Aug. 2022.
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SH2-155

Cave Nebula

Tha Cave Nebula is located in the constellation
Cepheus, and lies at the edge of the Cepheus B
molecular cloud. It contains emission,
reflection, and dark nebulea, and lies
appromiately 3,000 light years from Earth. It is
about 40 light years in diameter, while the
“cave” is about 10 light years across.

The Cave Nebula is an ionized hydrogen |l
region that contains star formation areas with
many young stars. The star formation in the left
portion of the “cave” is thought to be due
radiation from a very hot star compressing the
gasses, triggering new star formation.

This is a narrowband image using the Hubble
SHO palette, and consists of 31 hours and 53
minutes of total exposure time. It was shot over
a 7 night period in late September, 2023.




IC 1848

Soul Nebula-detail

This image depicts about 1/3 of IC 1848 commonly
known as the Soul or the Embryo Nebula and is the
eastern-most cloud or the ‘head’ of the nebula and
lies some 6500 light-years from Earth in the
constellation Cassiopeia.

The whole nebula is comprised of 2 large clouds of
gas, dust and several star clusters. The stars in this
nebula are less than 3 million years old and are only
beginning their life. Winds and ultraviolet light from
these young stars are excavating cavities in the
clouds leaving the more dense parts seen as pillars of
dust and gas which point at the star cluster in their
respective cloud.

The object to the right of the ‘head’ is SH2-201, a
small emission nebula that is 9,980 light-years away
from Earth.

As with most nebulae, the L-eXtreme duel narrowband
filter was used to better capture frequencies of light
from Ha and QOiii gasses enabling it to be processed
as a narrowband image. | chose the Hubble HSO
Palette which has great color with the Qiii gas (blue)
surrounded by the golden Ha nebulosity.

This image consists of 548 frames @ 5 min each for a
total integration time of 45h40m of data which was
collected over 7 nights in Oct & Nov. 2024.




Soul Nebula - IC 1848



