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THE H-ALPHA SKY by Dennis di Cicco
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A collaboration among three astrophotography friends is 
providing a dramatic new look at the glowing hydrogen 
spread across our Milky Way galaxy. 

The Moon isn’t made of green cheese, and the Milky 
Way isn’t a splash of mother’s milk intended for Her-
cules. It’s true that no one has believed these things 

for centuries. But many other astronomical truths have a 
far more recent origin. Take, for example, our understand-
ing of spectacular deep-sky objects such as the Orion, North 
America, and Lagoon nebulae. Any budding amateur astrono-
mer today will tell you these are glowing clouds of ionized 
hydrogen. And novice astrophotographers all know that it 
takes equipment sensitive to the red light of hydrogen-alpha 
emission to capture good images of them. But despite being 
common knowledge today, neither of these facts was known 
until well into the 20th century.

The first proof that nebulae could be clouds of gas rather 
than aggregations of stars too remote to be resolved visu-
ally came in 1864 when English amateur William Huggins 
pointed his 8-inch refractor and spectroscope at the Cat’s Eye 
Nebula in Draco. It was, however, another six decades before 

ing the National Geographic Society–Palomar Observatory 
Sky Survey completed in the 1950s with the 48-inch Oschin 
Schmidt telescope in southern California. During the 1980s, 
a second-generation survey done with the same telescope 
and state-of-the-art photographic technology revealed even 
more nebulae. Meanwhile, astronomers were increasing our 
knowledge of hydrogen spread throughout the Milky Way 
using other means, most notably radio astronomy.

Amateurs were not far behind in exploiting the latest 
photographic advances to record deep-sky objects. During 
the 1980s and early ‘90s my Sky & Telescope colleagues and I 
were constantly amazed by photographs that readers sent in 
of faint nebulae, many of which were unknown in the days 
before the Palomar surveys.

The Digital Revolution
It’s not news that the digital revolution has transformed 
astronomy, and especially astronomical imaging, in far more 

ways then there’s room here to describe. This new technol-
ogy offers more and better ways to study emission nebulae. 
Several early projects have provided a tantalizing picture 
of just how pervasive hydrogen emission is throughout 
our galaxy. Most notable among them are the Wisconsin 
H-Alpha Mapper (astro.wisc.edu/wham-site/wham-sky-
survey), The Virginia Tech Spectral-Line Survey (www1.phys.
vt.edu/~halpha), and The Southern H-Alpha Sky Survey Atlas 
(amundsen.swarthmore.edu/SHASSA).

There were also projects to map the sky in Hα light with 
short-exposure, small-scale digital images. The goal of the 
MDW Hydrogen-Alpha Sky Survey (MDW Sky Survey for 
short) is to take this to the next level, creating a detailed, 

The MDW Sky Sur vey
p This early mosaic stretching from northern Orion (left) to Vulpecula 
was made to highlight the survey’s progress. It also shows the checker-
board coverage due to the autonomously controlled telescopes shooting 
optimally placed areas of sky rather than specific celestial targets.

An amateur sky survey would be a 
dream project, and it was also one 
now teetering on the edge of reality.

physics explained that ionized hydrogen was responsible for 
most of the light coming from diffuse emission nebulae.

During the 1920s and ‘30s astronomers became increas-
ingly aware that the deep red light of hydrogen-alpha emis-
sion (Hα for short) at a wavelength of 656.3 nanometers 
dominated these nebulae. Nevertheless, it wasn’t until the 
latter half of the 1930s that photographic emulsions could 
record Hα well enough to efficiently explore the heavens in 
search of faint emission nebulae.

Armed with the latest photographic tools, astronomers 
rapidly added to the list of known nebulae, especially follow-
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deep Hα image of the entire night sky. It began not as a grand 
plan, but rather an evolution of the skills and common inter-
ests of three astrophotography friends — David Mittelman, 
myself, and Sean Walker (hence the MDW in the survey’s 
name).

Soon after Sean joined the Sky & Telescope staff in 2000, he 
and I began working on a variety of imaging projects involv-
ing deep Hα images made from my backyard observatory in 
Boston’s western suburbs. As the chips in affordable CCD 
cameras grew larger, we began experimenting with a branch 
of astrophotography that had long interested both of us — 
wide-angle imaging done with camera lenses.

One ambitious project involved trying to capture any por-
tion of the enormous but faint western edge of the Orion-
Eridanus Superbubble, an emission feature almost unknown 
to amateur astrophotographers at the time. Success came on 
the first night. As our exposures made on subsequent nights 
panned haphazardly outward searching for the limits of what 
we could image, Sean began piecing the results together into 
a mosaic. With a few extra shots to fill in missing sections 
of the superbubble, the result proved interesting enough to 
appear as a story on wide-field imaging in this magazine’s 
April 2009 issue, page 66.

Our next project was a more carefully planned mosaic of 
the Milky Way stretching from Puppis to Perseus. Made using 
a 110-mm camera lens, it covered more than 7,000 square 
degrees of sky with a resolution of about 17 arcseconds per 
pixel. The following year we made deeper mosaics of selected 
regions in this field using a 100-mm f/4 astrograph that 
increased the resolution to better than 5 arcseconds per pixel.

Around this time, and through overlapping circles of 
mutual friends, we connected with David Mittelman, who 
had a passion for astronomy dating to his days as a science 
major at Middlebury College. He had recently installed a 
pair of remotely operated telescopes at New Mexico Skies 
(nmskies.com). Most weeks the three of us would get 
together for an evening of talking shop and processing some 
of the latest images from the New Mexico scopes.

Dave became increasingly fascinated with the mosa-
ics Sean and I were working on, including a new one of the 
Cygnus region made at a resolution of about 3 arcseconds 
per pixel. The resulting deep Hα image provided a dramati-
cally new look at one of the sky’s most targeted areas for 
wide-angle photographs. Not surprisingly, our conversations 
turned to what it would be like to photograph the entire 

t Top: Located 15° southwest of the Veil Nebula, the supernova rem-
nant G70.0-21.5 is larger than the Veil, but virtually unknown because it 
is so much fainter. This 8°-wide field straddles the Pegasus/Vulpecula 
border. The bright star in the field is 1 Pegasi. Middle: The Milky Way 
running from Auriga at lower left to the well-known Heart Nebula (IC 
1805) in Cassiopeia at right contains many moderately bright emission 
features overlooked by astrophotographers. Bottom: Among the sky’s 
most photographed deep-sky objects, the Veil Nebula in Cygnus is sur-
rounded by fainter clouds of glowing hydrogen. The field is 14° wide.

tCygnus is home to many famous 
emission objects such as the 
North America and Veil nebulae. 
But deep exposures show that 
the whole constellation is awash 
with glowing hydrogen. The dark 
kidney-bean shaped feature at 
center is the Northern Coalsack. 
An image similar to this one pro-
vided inspiration for the survey. 

q In the days of emulsion-based 
astrophotography, amateurs able 
to capture the large supernova 
remnant Simeis 147 in Taurus 
achieved major bragging rights, 
but today it’s a rather routine 
object for wide-field digital imag-
ing. This view has north to the 
right, with the bright nebula IC 410 
in neighboring Auriga visible at 
bottom right. The prominent star is 
Elnath, Beta Tauri.

(continued on page 26)
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Scores of well-known nebulae 
pepper this swath of Milky Way 
crossing southern Cepheus 
from Cassiopeia at upper left to 
the Cepheus/Cygnus border at 
lower right, but they are merely 
the brightest islands in an ocean 
of hydrogen emission. One of the 
most prominent objects in this field 
is the nebula IC 1396 at bottom 
center on the facing page.
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Milky Way with deep Hα images, or, better still, the whole 
sky. Hardly original thoughts, but given the resources and 
experience of the three of us, and the proven technology of 
autonomously operated telescopes, an amateur sky survey 
would be a dream project, and it was also one now teetering 
on the edge of reality. During a discussion one evening, with 
hardly a pause in the conversation, Dave said, “Let’s do it.”

Launching the Survey
Planning any project to photograph the whole sky involves a 
series of compromises. Because our main goal was to pho-
tograph faint Hα emission nebulae, we wanted an optical 
system with a fast f/ratio. We also wanted decent resolution, 
and that meant working with longer focal lengths, but as the 
focal length of an imaging system increases the area captured 

created a setup that is essentially sealed between the telescope 
objective and CCD detector, thus preventing dust from get-
ting inside the telescope and causing image artifacts.

The scopes are mounted on a pair of Software Bisque 
Paramount MX+ German equatorial mounts in one of the 
roll-off-roof observatories at New Mexico Skies. They oper-
ate autonomously using the software package ACP Expert 
by DC-3 Dreams. Bob Denny, DC-3 Dreams founder, was 
especially helpful in creating an efficient method for loading 
our observing plans into ACP Expert. Since we are imaging 
each field for a minimum of 4 hours (done in blocks of three 
20-minute exposures), there are more than 16,000 observ-
ing plans with almost 50,000 sky exposures loaded into the 
system. And this doesn’t include nightly flat-field calibration 
frames and dark frames made on a regular basis.

After preliminary testing, the survey became fully opera-
tional in early 2016, and very quickly it was clear that results 
were exceeding our expectations. We were capturing Hα neb-
ulosity virtually unknown to amateur astrophotographers. 
But just as enough data were accumulating to begin assem-
bling small mosaics, there was the devastating news that 
Dave had been diagnosed with an aggressive form of brain 
cancer. The disease took his life the following May. You can 
read more about Dave and his lasting impact on astronomy at 
sites.middlebury.edu/mittelmanastrophotography.

Survey Results So Far
As of this past summer, the survey has completed at least 
4 hours of exposure for more than a third of the sky (more 
than 13,000 square degrees) accessible from the New Mexico 
site, and we are approaching a total of nearly 25,000 square 
degrees that have been imaged with at least 1 hour of expo-
sure. The results continue to exceed expectations. As many 
of the images accompanying this story show, the survey is 
recording Hα nebulosity in parts of the sky traditionally 
overlooked by deep-sky photographers. Most of it is too faint 
to have been targets in the days of emulsion-based astropho-
tography, but much of it is well within reach of imagers using 
modest digital equipment today. 

Along the way we’ve spotted dozens of objects that we’ve 
yet to identify in existing catalogs. Some, such as a faint but 
clearly obvious planetary nebula in Pisces, appear to be true 
discoveries, while others await further research. We’ve also 
turned up fascinating objects that remain almost unknown 
outside of a handful of professional research papers. These are 
potential targets for the new generation of wide-field astro-
photographers working with modern astronomical cameras 
under dark skies.

The survey has attracted the attention of professional 
astronomers, some of whom are using our data in their 
research. We believed this potential existed when we first 
considered doing a survey, but it’s particularly rewarding to 
have it become a reality.

Once the survey is completed from the New Mexico site, 
we hope to follow through with our original plans of mov-

(continued from page 22)

p The two modified Astro-Physics 130GTX survey telescopes (de-
scribed in the accompanying text) are currently housed in one of New 
Mexico Skies’s roll-off roof buildings on the outskirts of Mayhill, New 
Mexico, at an elevation of 7,300 feet (2,225 meters).

in each exposure grows smaller, meaning more exposures are 
needed to cover the sky. Our Cygnus mosaic was done with a 
focal length of 600 mm, and we decided that this was close to 
the upper limit of what would be practical.

After carefully testing several imaging setups, we settled 
on using a pair of the then-newly available Astro-Physics 
130GTX refractors with their custom f/4.5 focal reducers 
that yielded an effective focal length of 585 mm. Equipped 
with FLI Proline 16803 CCD cameras, each scope captures 
a field of view roughly 3½° square with a resolution of 3.17 
arcseconds per pixel. Considering the overlap needed to create 
a mosaic image, approximately 4,100 fields are required to 
cover the entire sky.

Because we are doing only Hα imaging, I modified each 
scope to use a fixed internal filter and FLI Atlas focuser. By 
doing away with a conventional filter wheel and focuser we 

ing the telescopes to the Southern Hemisphere and finishing 
coverage of the entire sky. The southern Milky Way is espe-
cially rich in bright Hα nebulosity, so it’s exciting to imagine 
what exists when we push to the limits we’re reaching in the 
northern sky. Long-time astrophotographer John Gleason has 
been assembling deep Hα mosaics with a telescope in Aus-
tralia (astrobin.com/users/dvj). And his work is fueling our 
enthusiasm for continuing the southern portion of the survey.

Our project has benefited from the support of many 
people. In addition to Bob Denny mentioned above, they 
include Roland and Marj Christen at Astro-Physics, the folks 
at Software Bisque, Mike and Lynn Rice and their team at 
New Mexico Skies, and especially the continuing support of 
the Mittelman family.

To see more of the survey results check out the website 
at mdwskysurvey.org. We continue to update the gallery 
section of the site with new material as we complete more 
coverage of the sky.  

¢ DENNIS DI CICCO began his career at Sky & Telescope 
in 1974, but his fascination with hydrogen-alpha nebulosity 
stretches back to the early 1960s.

q The relatively bright but virtually unknown hydrogen cloud Sivan 2 
in Cassiopeia is only a short hop from the Andromeda Galaxy. It was 
discovered as little more than a smudge on an H-alpha survey photo-
graph made in the early 1970s by the French astronomer J. P. Sivan.

q This 11½°-tall image of Sivan 2 was created by combining survey 
exposures with RGB color images taken by Rogelio Bernal Andreo. 
The bright star at upper left is Schedar, Alpha Cassiopeia, while the 
open star cluster NGC 7789 is at upper right. North is up.


