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Star Formation – or Not? – in
the Aquila Rift
By Lisa Prato
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contained in the beautiful globular clusters that Trumpler
studied. There is virtually no gas and dust in the halo. Because
we live on a planet that orbits a medium age star, we are located
in one of the spiral arms of the Galactic plane. From this
vantage point, we can not actually see the face on structure of
our Galaxy, but we can infer it by studying the gas, dust, and
stars within the plane, and the old stars and clusters in the halo.
From our vantage point about two-thirds of the way from
the Galaxy’s center to its edge, the structure called the Aquila
Rift cuts down to the Galactic plane, not far from the direction
of the Galactic center (Galactic longitude 0 degrees) and just
south of the Aquila constellation. Large scale visible light
images many tens of degrees in diameter show millions of
bright
background
stars along the plane
with dark regions
superimposed (Figure
1). What is this dark
material and how can
we get a better look at
it?

I. Home in the Milky Way
The dark “rifts” and clouds that weave through the plane
of our Galaxy have long been a source of contemplation. From
a dark site on a dark night we can observe these structures with
our naked eye by following the lumpy distribution of stars,
piled up in such massive numbers that they appear to form dim,
fuzzy clouds, that arc across
the night sky in the Milky
Way. Viewed through small
telescopes, these dark areas
suggest holes through
which we see beyond the
dense plane of our Galaxy.
Barnard studied these
“vacancies” in depth,
concluding
that
they
II. Giant Molecular
represented both holes and
Clouds and Star
obscuring dark regions. A
Formation
decade later in 1930,
In visible light,
Trumpler laid out the
the giant molecular
simple but elegant argument
clouds which trace out
for the presence of “general
the Galaxy’s spiral
absorption” in the Galaxy
completely
arms
based on his studies of the
obscure the stars and
size and brightness of
other clouds behind
globular clusters in the
them – these are the
Figure 1. A visible light panorama of a portion of the first Galactic quadrant the Milky
Galactic halo.
dark, dusty rifts seen
Way taken by A. Mellinger (as presented by de Cicco, 1999, Sky & Telescope). The
Our Milky Way is a Aquila Rift is the dark structure oriented diagonally across the image; the Serpens star in Figure 1. These
spiral galaxy system, with forming region overlaps with the Rift at the upper right side of the image. The bright area clouds are composed
giant arms of gas, dust, and at the lower right is the Scutum region.
almost entirely of
stars curving around a dense
molecular hydrogen
nucleus. The plane within
gas,
with
trace
which this spiral structure is confined is extremely thin in
amounts of other very important gases mixed in. For every 100
height, about one kiloparsec or three-thousand light years, in
pounds of gas in these clouds (and typically a giant molecular
comparison with its diameter, approximately 30 kiloparsecs or
cloud can weigh as much as a million Suns!), there is one
100 thousand light years. All young and medium aged stars are
pound of dust. A little bit of dust goes a very long way; even
located in the disk and in the nuclear bulge region. The halo of
though it is one-hundred times less abundant, interstellar dust
the Galaxy is composed of much older stars, including those
can redden and obscure background objects very effectively.

Continued next page

1.3 and 2.6 centimeters. Because this is a quantized
process, emission is produced only at certain
discreet wavelengths.
Happily, radioastronomers have known about
these important transitions for years and numerous
facilities exist designed for the observation of light
in exactly this wavelength regime.
The
development of the study of giant molecular clouds
has gone hand-in-hand with the recognition that the
cold, dense cores of these clouds are the sites of the
earliest stages of star formation. It is therefore
logical that all Galactic young stars are located in
the thin plane of the Milky Way’s disk, close to the
spiral arms delineated by the giant molecular
clouds. Only old stars are found in the Galactic
halo – far from the star-forming molecular clouds!
Once a young star has formed in a molecular
cloud and begins to burn, the high energy radiation
and strong stellar winds from the new system
change the structure of the cloud. One new young
Figure 2. A CO map of the Aquila region covering the same area as the visible light image star can even trigger the formation of a wave of
in Figure 1 but taken in millimeter wavelength light. The densest regions appear as white stellar birth. Hence star-forming regions such as
areas, the most tenuous as blue. Little or no CO was detected in the grey areas. The few Taurus, Ophiuchus, and Orion are located in the
known, young Aquila stars are indicated with small black arrows. Parsamian 21, marked plane of our Galaxy, nearby enough so that they are
with a cross, is an extremely energetic young star. It appears to be located in Aquila but not completely obscured by large clouds, and are all
is probably a distant background object and unrelated to this region.
associated with molecular clouds. In some cases
most of the stars are still deeply embedded in their natal
Giant molecular clouds are cold and, unfortunately, cold
clouds, and in other cases there is almost nothing left of the
molecular hydrogen gas is very hard to observe. When we look
original cloud material.
at Figure 1, we are really observing the cloud by omission: we
know it is there because we can’t see stars in the Galactic plane
III. The Mysterious Aquila Rift
where the clouds block out their light, largely because of the
To illustrate the correspondence of the dark Aquila Rift
dust strewn throughout the cloud. Fortunately, there are other
in Figure 1 with a giant molecular cloud, compare the visible
molecules mixed in with the hydrogen and dust. The most
light image to the CO map of gas in the exact same region of
abundant of these is carbon monoxide, or CO. A schematic
the Galaxy. The overlap is essentially dead on. (For an
way to think about a CO molecule is to imagine a lollipop with
animation
of
this
comparison,
see
http://cfacandy on both ends. If we put this model molecule on a table
www.harvard.edu/mmw/CO_optical_quad1.html). The map
and spin it, the two atoms at each end will be rotating around
of the CO distribution in this region was compiled
the center of mass of the system. When a CO molecule rotates,
painstakingly over many years by Thomas Dame of the
it emits a small amount of energy at radio frequencies. The
Harvard-Smithsonian Center for Astrophysics using small
exact wavelength depends on how briskly it is rotating,
radio telescopes at Columbia University in New York and at
however, typical wavelengths of interstellar CO emission are
Harvard University in Massachusetts.
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Now all we need are some associated young stars to complete the picture.
The Serpens star forming region indeed lies at around Galactic longitude 30
degrees and latitude 5 degrees. A large portion of it is associated with the
Aquila Rift, with some of the Serpens young stars still embedded in the
molecular cloud that comprises the Rift, and others in nearby areas where the
gas and dust have been dissipated; the famous Eagle Nebula and the pillars of
creation are located in Serpens. This is characteristic of a star-forming region
at the approximately one-million year age of Serpens (for comparison, our
mature Sun is 5 billion years old).
Curiously, in spite of its resemblance to the portion of the Aquila Rift
associated with Serpens, the high Galactic longitude region of the Rift, in the
middle of Figure 2 centered at Galactic longitude 37 degrees and Galactic
latitude 1 degree, has almost no star formation associated with it at all. A
number of extremely interesting young stars are scattered around near this
molecular cloud, at negative Galactic latitudes (see Figure 2), hinting at an
earlier epoch of star formation that for some reason seems to have sputtered
out. What has happened to star formation in Aquila and why should this region
be different from the nearby Serpens?
One possible answer may lie in Figure 1. The systematic identification of
young stars in the Aquila region is tremendously complicated by the sheer
volume of foreground and background stars that surround the dark Aquila Rift.
Sifting through the vast area around the Aquila molecular cloud will take a big
effort, one that I have already begun at Lowell Observatory with the 42”
telescope on Anderson Mesa.
By observing images taken with narrow filters in visible light, it is
possible to detect stars associated with atomic hydrogen emission lines. When
we see such spectral lines in stars it is a clue that the system is young. This is
because one typical characteristic of youth is the presence of a disk of dust and
mostly gas surrounding the central star. Within these circumstellar disks,
planets, asteroids, Kuiper belt objects, and comets are thought to form. A small
amount of gas in the disk is accreted on to the central star, heating up in the
process as the gas slams in to the stellar surface. Molecular hydrogen gas is
split up into its component atoms and the atoms of hydrogen are excited as they
heat up and emit light at their own characteristic, discreet wavelengths, mainly
in the visible and near infrared regions.
By comparing images taken with a filter that isolates the light from the
hydrogen emission lines with images taken in a filter distinct from these
wavelength regions, I can pick out the young stars near the cloud – if any are
present! The explanation for the lack of stars in Aquila might be more
complicated than the simple argument that they haven’t been found yet. Shocks
from ancient supernovas that took place millions of years ago may have
disrupted the cloud cores that could have formed stars. Or it could be that star
formation is only just beginning in Aquila and the few stars that have formed
in the dark cloud are still deeply embedded and are not yet seen.
Giant molecular clouds and star formation along the Galactic plane is
complex, varied, and not yet fully understood. Astronomers, however, have
some excellent tools with which to continue to study these beautiful regions.
Hopefully we will make some progress in understanding the Aquila cloud over
the next few years here at Lowell Observatory.
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[The author thanks T. Dame for permission to show his CO maps in advance of
publication and for extracting the matching visible light image from A.
Mellinger.]
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Andrew Douglass in the
“Skylight City”
By Kevin Schindler
[In the Spring 2005 issue of The Lowell Observer, an article
featured a new exhibit about the 1894 Lowell Expedition to
Arizona, which led to the founding of Lowell Observatory in
Flagstaff. In response to a number of requests for more
information and photos about the Flagstaff portion of the
expedition, here is a follow up to that article.]
On April 3, 1894, Andrew Douglass checked into Flagstaff’s
Bank Hotel, which still stands today. His luggage included
two wooden boxes strongly resembling coffins. Inside the
boxes were a six-inch diameter, seven-foot-long Clark
telescope weighing 30 pounds, and the telescope’s mount and
wooden tripod weighing 75 pounds.
Since March 7, Douglass had been hauling this
equipment around the Arizona Territory, seeking an ideal

This drawing made by Andrew Douglass on April 12, 1894, shows the
locations of stations he tested in Flagstaff. Station 11 (above lumber mill);
Station 12 (near A1 Ranch); Station 13 (Elden “Mesa” or “Mountain”);
Station 14 (Wing Mountain).

This map, drawn by Douglass on May 15, 1894, shows the
location for the new observatory. Note the location of the mill
(present-day Day Inn sits here), site 11 (denoted by “6 in” for sixinch telescope), and the site for the observatory dome (denoted by
“Obsy” – the Clark Telescope sits here today.
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location for Bostonian Percival Lowell to establish an
astronomical observatory for studying the planet Mars. After
using the telescope to test atmospheric conditions at ten
different stations in Tombstone, Tucson, Tempe and Prescott,
Douglass was now in Flagstaff, appropriately nicknamed the
“Skylight City” because of the brightness of the evening’s
stars.
As with the other towns Douglass visited, Flagstaff’s
leaders were eager to have the observatory built in their
community. Such an institution could supply jobs and,
perhaps more importantly, bring prestige to an area trying to
establish a cultural presence. The day after Douglass arrived,
D.J. Brannen, Flagstaff’s first physician, paid Douglass a
visit. Later that day, Douglass went to the home of
lumberman D.M. (Matt) Riordan, who extended an invitation
to Douglass to lodge at his home. This was likely not only a
gracious offer to a visiting dignitary, but also an opportunity
for one of Flagstaff’s leading citizens to help sway the
decision to build the observatory in Flagstaff.
Riordan’s home was located at what is now the Days Inn
parking lot on West Rt. 66, and Riordan’s mill – then called
the Arizona Lumber and Timber Company – was spread out

in the vicinity of modern-day Days Inn. On the evening
of April 4, 1894, Douglass set the six-inch telescope up
at his first Flagstaff observing site – Station 11 – on the
hill just above Riordan’s house and the lumber company.
Today, the location of Station 11 is at or near the new
housing complex being constructed on Mars Hill.
It is unfortunate that the Riordan house no longer
stands. It not only served as the place where Matt
Riordan hosted scientists such as Douglass and John
Wesley Powell, but later was the home of Eli Giclas and
his family; future Lowell astronomer Henry Giclas grew
up in this house.
By April 11, 1894, Douglass tested three other sites
in the Flagstaff area: a hill near A1 Ranch (Arizona
Cattle Company) six miles northwest of town, Elden
“Mesa,” and Wing Mountain.
Percival Lowell, anxious to get the observatory
built, sent an historic telegram to Douglass on April 16,
reading simply, “Flagstaff. Hurry preparations for
dome.” A few days later, Douglass received a letter
dated April 17 and signed by 82 Flagstaff citizens,
pledging their support of the new observatory and
declaring that the town would deed the necessary land
and build a road to what would become the city’s first
permanent scientific institution.
On April 21, Lowell telegrammed Douglass his
decision to build the observatory at Station 11. For the
exact location of the telescope dome, Douglass chose a
knoll 1/2 mile to the north, where the gentler slope

allowed for easier construction of a road to the top of the mesa.
Ground was broken on April 23, and construction was headed
by local resident and businessman Ed Whipple. The dome,
largely constructed in Massachusetts, soon arrived and was
assembled to house two large, borrowed telescopes. Percival
Lowell arrived in Flagstaff on May 23, 1894, officially opening
his observatory.
When looking back at this expedition, it is clear that the
atmospheric conditions in Flagstaff were deemed sufficient to
build the observatory here. However, it is a combination of
other factors that ensured Flagstaff as the site. Extraordinary
community support and politicking by residents such as
Riordan certainly helped. Perhaps even a greater factor,
though, was the issue of timing. Percival Lowell wanted the
observatory to be established as quickly as possible. By the
time Douglass arrived in Flagstaff, he had been site testing for
a month – longer than Lowell originally anticipated. The
atmospheric conditions in Flagstaff were good, community
support was strong, and transportation was adequate, so
Lowell, anxious to have telescopes ready for an upcoming
Mars opposition, chose Flagstaff. Had Douglass at the time
been in another of the locations where conditions were
favorable, such as Tombstone, it is quite possible that the
Observatory would have been built there.
In any event, Flagstaff was the chosen location. Except
for a brief relocation to Mexico in 1896-1897, Lowell
Observatory has remained on the mesa just west of downtown
and continues as a leader in astronomical research.

This photo, taken by Andrew Douglass in April, 1894, shows the six-inch telescope, with protective
canvas cover, set up at Site 11 on the mesa overlooking the mill.
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Wildfire Sends
Lowell Staff
Scrambling
By Bob Millis
In the late afternoon of Wednesday,
June 14, word was received on Mars
Hill of a forest fire southwest of the
Observatory. Forest fires are a
common happening in our area, but
when the wind is blowing at speeds
between 30 and 40 mph, the
potential for catastrophe is high.
That was the situation facing us on
the 14th, and the wind was driving
the fire directly towards the City and
Mars Hill.
While initial information was
fragmentary, a couple of staff
members hopped in their cars and
drove towards the smoke. With
As the Woody Fire reached maximum strength while belching smoke, this image was taken from the edge
much jockeying about to avoid the of Observatory Mesa looking to the south. photo: Kevin Schindler
ever thickening traffic, it was
determined that the fire was about
was largely destroyed by a wind-driven bush fire. In an effort
2.5 miles from our buildings. While those living on Mars
to protect our facilities to the extent possible without
Hill were allowed to stay, other staff members were
fundamentally altering the ambience of the Observatory, we
encouraged to leave, if for no other reason than to lessen
have cooperated with the U.S. Forest Service and the Flagstaff
the worries of the local fire and police authorities. The
Fire Department to accomplish thinning of nearly the entire
Flagstaff Fire Department stationed two pumper engines
740 acres of Observatory property. This work began in about
and their crews at the Observatory, while the Police
1992, years before forest thinning became in vogue.
Department stopped non-essential traffic up Mars Hill.
Subsequent to the thinning, a number of prescribed burns
For the next three and a half hours, much of
designed to dispose of flammable debris on the forest floor
Flagstaff, including the few Lowell staff remaining on the
have also been executed. The Observatory is extremely
hill, watched a determined aerial attack on the fire. At
grateful to the U.S. Forest Service and the Flagstaff Fire
least two spotter planes, five aerial tankers, and three
Department for the tremendous amount of work they have done
helicopters executed a complex choreography in the sky
on these projects. At the end of the day, however, both we and
as they banked, dove, pierced the billowing clouds of
they know that thinning and prescribed burns, plus the best
smoke, and dropped their loads of retardant and water
efforts of fire fighters, might not stop a gale-driven crown fire.
with awesome skill and courage. Less visible from afar,
That remains our worst nightmare.
but no less professional and courageous, were the men
and women of the U.S. Forest Service and Flagstaff Fire
Department fighting the fire on the ground. As sunset
approached, the combined effects of diminishing winds
and the all-out assault by the fire fighters brought the
beast under control. Remarkably, the fire, which was on
the very edge of the city, was limited to a total of 150
acres and was ultimately extinguished with no loss of life
or structures.
The threat of forest fire is ever present on Mars Hill
and we have seen many demonstrations of the devastation
such fires can cause. For example, on January 18, 2003,
the Mount Stromlo Observatory near Canberra, Australia
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Friends Gather to Enjoy the
Annual Open House
By Rusty Tweed
Thank you to the Friends of Lowell Observatory who attended our
annual Friends Open House in June. About 100 guests participated
in this year’s event. The main attraction of the evening was the
silent auction held in the Rotunda Library. Auctioned items
included framed posters and prints of paintings, photographs of
astronomical objects taken with Lowell telescopes, and antique
furniture. All 30 items were sold and the total proceeds from the
auction were just shy of $2,200.
Our guests also had the opportunity to tour the Hendricks
Building on Mars Hill, where the Discovery Channel Telescope
staff is based. DCT staff members Kim Westcott, Byron Smith,
and Oliver Wiecha were on hand to answer questions and to discuss
this past year’s progress.
While the Friends enjoyed dinner in the Giclas Lecture Hall,
Observatory Director Bob Millis shared his welcoming remarks
and appreciation for the support of the Friends, while showing the
latest pictures from the DCT construction site. Other activities
included telescope viewing, and a demonstration of a new video

Guests browsed among the 30 auction items that were on
display in the Rotunda Library.

projection system that we hope will become a future
component of the exhibit area in the Steele Visitor
Center.
Plans are underway for the VIP event in the fall,
which is open to Friends of Lowell at the $100-level
and up. Once the date and itinerary have been
established information will be posted at
http://www.lowell.edu/friends/friends_events.html,
followed with invitations by mail.

Friends and staff of Lowell Observatory selected dinner items from the buffet
tables outside the Steele Visitor Center. Dinner tables were set up inside the
Giclas Lecture Hall. Photo credits: Steele Wotkyns
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Summer 2006 Advisory
Board Meeting Energizes
Observatory
Members of the Lowell Observatory Advisory Board
converged on Mars Hill June 8-10 for the annual Board
Meeting. After kicking off the meeting with a Thursday
evening buffet at the home of Bill and Kathryn Putnam, the
Board spent the full day Friday and most of Saturday morning
on the receiving end of presentations about all aspects of
Observatory operations and programs. The meeting also
featured extended discussions with Lowell staff and lots of
opportunities for informal interaction. Midday Saturday,
everyone loaded up and headed out to Happy Jack where
tours of Lowell Observatory’s Discovery Channel Telescope
facilities were conducted following a picnic lunch. Trustee
Bill Putnam and a few other adventurous souls, including
board member Carolyn Shoemaker, made the 40-mile
outbound trip in Big Red, Percival Lowell’s 1911 StevensDureya touring car. In summary, it was a very successful
meeting with much valuable feedback from Board members.
All participants seemed energized by the gathering.

Trustee Bill Putnam addresses the Advisory Board and staff during
dinner.

Coffee breaks during the Lowell Observatory Advisory Board
meeting were a good place for Lowell Advisory Board members and
staff to catch up and talk about what has happened during the past
year since the 2005 meeting.

Bill Putnam, Lowell Observatory Trustee, drove Percival Lowell’s
Big Red Stevens-Dureya, affectionately known as Big Red and part
of the Observatory’s fleet since 1911, to the DCT tour. The two are
pictured here in front of the main DCT telescope building.
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Lowell Advisory Board members traveled to Happy Jack for
tours of the Discovery Channel Telescope construction
progress starting at the auxiliary mirror coating building
pictured here. Photos: Lowell Observatory

F INANCIAL R EPORT
LOWELL OBSERVATORY
STATEMENT OF FINANCIAL POSITION
DECEMBER 31, 2005

LOWELL OBSERVATORY
ACTIVITY INFORMATION
DECEMBER 31, 2005

Assets

Revenue and other support

Cash and Cash Equivalents
Restricted Cash
Certificates of Deposit
Research Grants Receivable
Contributions Receivables
Inventory and other Assets
Total Current Assets
Research Grants Receivable, net of current
Contributions Receivable, long term
Investments, unrestricted
Investments, restricted
Collection Item (Stevens Duryea)
Property, plant and equipment, net
Beneficial Interest Charitable Remainder Unitrust
Total assets

$731,434
$142,438
101,437
218,555
1,195,982
190,486
2,580,332
13,618
5,653,110
2,263,562
38,243,642
400,000
11,827,966
361,805
$61,344,035

Contributions
Grant and contract Revenue
Public program revenue
Investment income
Miscellaneous income
Total support and revenue

$869,628
2,790,920
528,481
956,154
304,513
$5,449,696

Sources of Revenue
6%

16%

18%
Contributions
Grant and contract Revenue
Public program revenue
Investment income
Miscellaneous income

10%

50%

Liabilities and Net Assets
Current Liabilities
Accounts payable
Accrued liabilities
Deferred research grant revenue
Total current liabilities

$711,347
329,860
72,161
$1,113,368

Net Assets
Unrestricted
Temporarily restricted
Permanently restricted

$19,718,118
1,899,772
38,612,777

Total net assets

$60,230,667

Total liabilities & net assets:

$61,344,035

Expenses
Research
Public Programs
Fundraising
Management and General Operations
Total expenses

$3,004,321
468,803
137,085
1,196,998
$4,807,207

Expenses by Category

25%

Research
Public Programs

3%
10%

Fundraising
62%

Management and General
Operations
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