Searching for Water in
Hot Jupiters
By Travis Barman

Among the extrasolar planets is a group that is very different from any in our solar system. They are large gas giants
that orbit extremely close to their host star, roughly 20 times
closer than the Earth-Sun distance. It takes them just a few
days to complete one orbit, not long at all compared to the
nearly 12 years Jupiter takes to complete its orbit around the
Sun. Being so close to their star, these planets are heated by
stellar radiation to atmospheric temperatures exceeding 1000
F. Compare that to the negative 200 F in Jupiter's atmosphere!
These planets are often called “hot Jupiters'' because they are
comparable in mass to Jupiter but much much hotter. Hot
Jupiters form a unique class of planets that live very interesting lives and their existence places new constraints on planet
formation.

A hot Jupiter passing in front of its host star. ( Illustration by J. Hall)

of one orbit; we call these “transiting planets.” The odds of
being a transiting planet increases dramatically the closer the
planet orbits its star and, in fact, nearly all of the known transiting extrasolar planets are hot Jupiters. How does this help?
Well, as the planet passes between us and its star a small fraction of starlight is blocked causing a noticeable drop in starlight lasting a few hours. By measuring this drop in starlight
one can determine the planet’s radius and, with some additional information, its true mass. Furthermore, careful observations made with the Hubble and Spitzer Space Telescopes
have provided measurements for brightness variations from
the day and night sides of a few transiting planets that indicate the presence of intense weather patterns.
Dry Atmospheres?
At the beginning of this year an important step forward
was made in the observational study of extrasolar planets –
the first “spectra” were obtained from the daysides of two
transiting hot Jupiters using the Spitzer Space Telescope.
Spectra are important because they can, under ideal situations,
provide direct clues about the chemical composition of a
planet’s atmosphere. However, these new planet spectra are
at the edge of technology and digging out the scientific information is very difficult. The astronomers who obtained these
spectra saw no evidence for water, despite the expectation
that there should have been a strong water signature.
These observations were quite surprising since water, made
up of the first and third most abundant elements, is pretty
much everywhere in the Universe and, in fact, is more common than dirt. A more likely situation is that hot Jupiters actually have plenty of water in their atmospheres, but something
is preventing the signature of water from showing up in these
new spectra, thus making them appear to be dry. Changes in
(continued on page 2)
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One might think that measuring the properties of a distant
hot Jupiter would be nearly impossible considering how close
they are to their star. Indeed, these planet-hosting stars are a
million times brighter than the typical planet in visible light!
It turns out that close orbital separation is more of a blessing
than a curse for two reasons. First, the heating of the planet by
the star increases the planet's brightness to 10,000 times
higher than it would otherwise be. Secondly, since there is no
preferred orientation of any planetary system relative to our
own, there is a good chance of finding planets with orbits that
appear nearly edge-on as viewed from the Earth. Such planets will pass in front of and behind their star during the course
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(Figure 1) Planet radii at different wavelengths of light. Each increase in radius is caused by a chemical species in the planet's atmosphere. Water produces the increase
seen at long wavelengths to the right. Green bars indicate radii measured by Hubble space telescope. Red and blue curves are model predictions with and without water,
respectively. Horizontal bars are average radii across 10 wavelength ranges. The spheres illustrate the apparent change (exaggerated for clarity) in planet size at three
different wavelengths. (T. Barman)

the way temperature varies with height in a hot Jupiter’s atmosphere directly affect the detectability of absorption features in a spectrum. Weather and cloud patterns could also be
masking the water absorption. Understanding and modeling
such atmospheric effects is at the forefront of extrasolar
planet research and, even without an obvious signature of
water, these new Spitzer spectra are important for constraining our planetary theories.
Modeling Hot (and Steamy) Jupiters
Here at Lowell Observatory, I develop numerical simulations of extrasolar planet atmospheres using modern super
computers. These simulations combine physics and chemistry to create a model planet along with synthetic observations.
By comparing models to observations, one can infer the atmospheric properties of a planet and learn how well theory
holds up to reality. While reports of bone dry planets were
appearing, I was working on numerical models that, when
compared to an observational data set obtained with the Hubble Space Telescope, show strong evidence that at least one of
these hot Jupiters has a copious water supply in the form of
super hot steam at amounts in good agreement with theoretical predictions.
Since hot Jupiters are giant balls of gas, they have no solid
surface and, hence, no well defined diameter. When we observed the periodic drop in stellar light as a transiting planet
passes in front of its star, the amount of starlight blocked by
the planet actually depends on the wavelength of light observed. At some wavelengths the planet appears larger and
blocks more starlight than at other wavelengths where the
planet appears slightly smaller. Chemical compounds in a
transiting planet absorb (or block) starlight that would otherwise pass through the planet’s upper atmosphere and different
compounds absorb light differently at different wavelengths.

As a result, measuring the amount of starlight blocked by the
planet at different wavelengths tells us at what wavelengths
the planet appears largest and smallest. Comparing numerical
models that simulate the passage of starlight through a planetary atmosphere can tell us what chemical compounds are
responsible for blocking the most starlight across a range of
wavelengths. Figure 1 shows just such a comparisons; the
observed planetary radius is shown in green (averaged over
10 small wavelength ranges at visible and infrared light). The
red curve with many peaks and valleys shows the numerical
simulation and the red horizontal bars are the model averages
across the same wavelength ranges as the observations. As
you can see, at the longest wavelengths, the theory predicts an
increase in radius produced by water absorption in the
planet’s atmosphere. The observed and predicted values are
right on top of each other indicating good agreement and providing strong evidence that water is quite abundant in this
particular planet. Furthermore, removing the water from the
model leads to a very small radius (indicated by the blue line)
that is significantly different from the observed value.
So, how can these Hubble observations show evidence of
water while the Spitzer spectra do not? The two sets of observations concentrated on two widely separated and different
regions of the planet’s atmosphere – Spitzer studied the dayside while Hubble studied the limb (where day turns into
night). The Hubble observations were also looking for absorption by the planet’s atmosphere imprinted on the stellar
light as it passed through the planet’s limb. This is very different from the Spitzer observations which were trying to
detect absorption imprinted on light escaping the planet’s
interior. The atmospheric phenomena that can mask the water
signature in the Spitzer spectra do not affect the Hubble observations. It is very likely that further study of the Spitzer
spectra will reveal that these data are also consistent with the
presence of water as we learn more about atmospheric phenomena in hot Jupiters.
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John Vickers McAllister Space Theatre
Thanks to an amazing new multimedia theatre, visitors to
Lowell can now experience astronomy from completely new
perspectives. The John Vickers McAllister Space Theatre
opened on May 1. Lowell staff offer 20-minute daytime space
theatre programs on the hour from 9:30 a.m. to 4:30 p.m.
During its regular evening hours, five to seven minute segments introduce visitors to what they will be viewing in the
sky that night.
The space theatre is a 24-seat planetarium-like venue
tucked inside
Lowell Observatory’s exhibit hall. “We
are grateful to
Advisory
Board member
F r a n c e s
Mcallister for
her generous
contribution to
make this new
space theatre
possible,” said
Frances McAllister cutting the ribbon to the new
McAllister Space Theatre
Jeffrey Hall,
Associate Director for Education and Development. “The John Vickers
McAllister Space Theatre is a major step forward in allowing
us to present the results of astronomical research to the public.”
The space theatre is a computer-based planetarium program, but unlike the traditional planetarium format, it is presented on a five-foot-diameter concave screen directly in front
of the audience, with comfortable theatre-style seating. It is a
real-time program that is easily customized, and is narrated by
trained Lowell Observatory education guides who take visitors from Earth outward to the edge of the universe. Space
theatre shows are set to music with state-of-the-art surround
sound and feature animations with real-time views of the
night sky. The system was built and installed by Aram Friedman of Ansible Technologies in Princeton Junction, New
Jersey.
“Astronomy and astronomy principles are part of our every
day lives,” said Kevin Schindler, Lowell Observatory Outreach Manager. “For example, time is based directly on astronomical phenomena. The new space theatre is a welcome tool
for us to help explain such fundamentals – and to also introduce more advanced astronomy concepts – so they are both
fun and accessible.”
In honor of her late husband after which the new space
theatre is named, Frances McAllister contributed a major portion of the funding for the facility. Additional support was
provided by APS, the GeoFund, and AV Domotics.

Nat White Retires After 37 Years of
Service to Lowell Observatory
Astronomer Nat White retired April 27th, 2007 after
nearly 37 years of service to the Observatory and the community of Flagstaff. For the past 15 years, Dr. White supervised
Lowell staff working on the Navy Prototype Optical Interferometer(NPOI) and managed construction of all of the basic
infrastructure. This cutting edge facility at Anderson Mesa is
a joint project of the U.S. Naval Observatory, the Naval Research Lab, and Lowell.
Dr. White’s research has primarily concerned the physical
parameters of cool giant stars. He also developed instrumentation including modernized telescope control systems,
autoguiders, the first application of home computers to astronomical data acquisition, and equipment for measuring seeing. Collaborative research with the extraordinary high

Nat White in his office in the Slipher Building.

resolution of NPOI has produced results in the areas of stellar
diameters, limb darkening, stellar masses, and binary stars.
Dr. White has also served the Flagstaff community on the
boards of the Friends of Flagstaff’s Future, Flagstaff Public
Library Foundation, and the Flagstaff Leadership Program.
He currently serves on the governing board of Coconino
Community College and is Vice President of the Arizona
Association of District Governing Boards of Community Colleges. He is an animated trombone player for the Flagstaff
Community Band and an accomplished distance runner. He
plans to continue working from time to time on projects at
Lowell Observatory, where his infectious smile is always
welcome.
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2007 Advisory Board Meeting

SUMMER 2007

FRIENDS OF LOWELL
2006 Corporate and Foundation Support
Lowell Observatory greatly appreciates
the following organizations that
provided support in 2006:

Members of Lowell Observatory's Advisory Board received a tour of the
Discovery Channel Telescope site during our recent annual meeting. The
Observatory's Sole Trustee, Bill Putnam (center), drove Advisory Board
members Jim McCarthy (left) and Mark Van Baalen (right) to the site in
Percival Lowell's 1911 Stevens-Duryea.

Friends Event 2007

Friends of Lowell Observatory at the Friends-level and up are invited to a special
Observatory event each year. Last year this group had lunch at the summit of
the Discovery Channel Telescope site, after a tour of the facility by the DCT staff.
This year, the event included a buffet dinner (above), a silent auction, and a
presentation about Saturn's moon Titan, by Lowell Astronomer Henry Roe.

American Express Foundation,* Princeton, NJ
Another Plumbing Company, Inc., Flagstaff, AZ
APS, Flagstaff, AZ
Arapas Inc., Flagstaff, AZ
Arizona Community Foundation, Phoenix, AZ
Barringer Crater Company, Flagstaff, AZ
Blood and Cancer Clinic, P.A., Fayetteville, NC
Boeing Gift Matching Program,* Princeton, NJ
Choice Hotels International Foundation,* Silver Spring, MD
Discovery Communications, Inc., Silver Spring, MD
Flagstaff Cultural Partners, Flagstaff, AZ
Honeywell International, Inc., Phoenix, AZ
IBM International Foundation,* Raleigh, NC
John M. Wolff Foundation, Scottsdale, AZ
J.P. Morgan Chase Foundation, Phoenix, AZ
Loven Contracting, Inc., Flagstaff, AZ
North Country Community Health Center, Inc., Flagstaff, AZ
O. P. and W. E. Edwards Foundation, Red Lodge, MT
Pfizer Foundation Matching Gifts Program,* Princeton, NJ
PG&E Corporation,* Princeton, NJ
SCA Tissue, Flagstaff, AZ
Southwestern Foundation, Tucson, AZ
Sundt Foundation, Tucson, AZ
Symantec Corporation,* Springfield, OR
Texas Instruments Foundation,* Dallas, TX
The Coca-Cola Company,* Princeton, NJ
The Monica Heaney Nackard Foundation, Flagstaff, AZ
The Raymond Educational Foundation, Flagstaff, AZ
The Valley Press Club, Springfield, MA
US Airways Education Foundation, Phoenix, AZ

*Matching Gifts Program. We encourage Friends of Lowell
Observatory to ask their employers if they provide matching
support to the organizations that their employees support.

SUMMER 2007

5

THE LOWELL OBSERVER

FINANCIAL REPORT
STATEMENT OF FINANCIAL POSITION

STATEMENT OF ACTIVITIES

December 31, 2006

December 31, 2006
REVENUE AND OTHER SUPPORT

ASSETS
Current Assets
Cash & Cash Equivalents
Restricted Cash
Certificates of Deposit
Research grants receivable
Contributions receivable
Inventory and other assets
Total Current Assets

$

199,515
308,584
1,010,641
351,831
2,350,857
306,950
$ 4,528,378
17,849
3,880,530
1,326,564
41,402,133
400,000
14,554,969

Research grants receivable, net of current
Contributions receivable, net of current
Investments, unrestricted
Investments, restricted
Collection item
Property, plant and equipment, net
Total Assets

$ 66,110,423

LIABILITIES AND NET ASSETS
Current Liabilities
Accounts payable
$
Accrued vacation , employee related expenses
Accrued liabilities
Deferred research grant revenue
Total Current Liabilities
$
Net Assets
Unrestricted
Temporarily Restricted
Permanently Restricted
Total Net Assets
Total Liabilities and Net Assets

Contributions
$ 2,481,750
Grant & Contracts
2,950,033
Public Programs
392,853
Investment gain
4,108,790
Miscellaneous Income
194,310
Change in value CRUT
122,820
TOTAL SUPPORT & REVENUE $10,250,556

76,388
175,935
265,030
82,023
599,376

$25,048,784
375,972
40,086,291
$65,511,047
$66,110,423

EXPENSES
Research
Public Programs
Fundraising
Management & General
TOTAL EXPENSES

$3,276,896
427,439
128,212
1,137,629
$4,970,176
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Historical Pattern Making at
Lowell Observatory
by Ben Crandell

A few months ago, while exploring a dark storage room
beneath Lowell’s 18-inch astrographic telescope, I came upon
a jumbled pile of oddly shaped wooden pieces. At first glance
these bulky, crudely painted shapes seem to be nothing more
than a pile of junk. But a closer look reveals an undeniable
craftsmanship, and almost certainly raises the question: what
are these things? The answer is a surprise, one that is closely
linked to the history of astronomical research here at the observatory.
When Percival Lowell arrived in Flagstaff with his dreams
of finding life on Mars and later, a trans-Neptunian planet, his
first step was to acquire the necessary equipment. Telescope
domes, frames and mounts, gears, counterbalances, and all the
little particulars that make these things work together could
not simply be ordered from a catalog. The most economical
and practical way to produce them was by first making
wooden patterns and then sending them to a foundry to be
cast into metal. It was necessary to find people with the creative abilities and mechanical skills to produce these patterns.
They included Stanley Sykes and Edward (E.C.) Mills, who
became indispensable members of the Lowell Observatory
staff.

SUMMER 2007

countless hours together in the wood shop. It was here they
created the patterns used to produce many valuable mechanical components.
At first glance, the process of turning patterns into metal
seems simple. First the pattern is shaped out of wood, in this
case pine. The pattern is then sent to a foundry where it is
pressed into moist sand, and molten metal, often iron, is
poured into the impression left in the sand by the pattern.
The metal cools in the exact shape of the wooden pattern.
Foundries in El Paso, Albuquerque, and Los Angeles received patterns made by Sykes and Mills and returned metal
duplicates.

An assortment of historical wood patterns, which have been painted black. Next to
some of them are their sand cast, metal duplicates.

A closer look into pattern making reveals that the seemingly simple process is actually more involved than it seems.
Designing and shaping the pattern is a very complicated process and truly a craft in and of itself. Since finished instruments have to respond to the earth’s movement, an understanding of astronomical concepts is imperative.
Today’s Director of Technical Services, Ralph Nye, can
appreciate these patterns. As he holds one in front of him, his
eyes sparkle with admiration and he begins to explain the
intricacies of pattern making.

E.C. Mills (left) and Stanley Sykes in the Mars Hill machine shop in 1927.

Stanley Sykes was trained in mechanics at Finsbury Tech
in England, and began working for Percival Lowell in 1896
with the construction of the 24-inch Clark dome. Sykes was
the designer behind many instruments, the 13-inch Pluto telescope mounting and dome being perhaps his most recognized
contribution.
In 1910, E.C. Mills, a gifted craftsman from Vermont,
joined the Lowell Observatory staff. Mills was a pattern
maker for Fairbanks-Morris Scale Company before moving to
Flagstaff. His craftsmanship can be seen in the spiral staircases of the Slipher Rotunda building. Sykes and Mills spent

Ralph Nye, the Observatory's Director of Technical Services, holds two patterns
t
from 1927. These produced the gear and tracks which rotate the roof of the Pluto
telescope dome.
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The piece he holds has parallel teeth along an arc so that a
gear could roll along it. “Each tooth was made by hand, and
every angle cut into each tooth must be tapered exactly seven
degrees to successfully lift from the sand mold,” he explains.
And this was only the beginning. The arc itself is only a small
segment of a 40-foot diameter track. The mold must be replicated several times to complete the track. This means the pattern must be designed so that the outcome is several iron segments that fit together in the shape of a perfect circle, one
which a gear can roll continuously around.
Another factor in pattern making is size. The molten metal
will shrink as it cools, and each type of metal has its own
amount of shrinkage. Therefore, the pattern must be a certain
percentage larger than the desired outcome. “Thousands of
hours of craftsmanship went into those,” said Nye, gesturing
toward the 18-inch telescope dome with its horde of wooden
patterns. “It’s really incredible.”
Today, designers create scientific equipment using some of
the most advanced technology, but the genius behind it is the
same. With over 40 years of machining and designing experience, Nye is able to turn scant written and verbal instructions
into reality. Like Sykes, he must conceptualize what is to be
made, applying various fields of knowledge into each piece.
“Creating pieces today requires a thorough understanding of
mechanics, machine shop, materials, and astronomy,” says
Nye. His current project involves over 900 drawings in pen
and ink! “He’s the brains behind it all,” says Steve Lauman,
current machinist at the Lowell Observatory shop.
From the original observations of Mars to the discovery of
Pluto and beyond, there have always been the tools behind the
science, and the men behind the tools.

2007 Bike to Work Week

Flagstaff’s Bike to Work Week was held May 13th to 18th. Our worksite coordinator, Rusty Tweed, kept track of miles logged and participation level on a day
by day basis. Although Lowell bike commuters didn’t win the worksite challenge
this year, we did accomplish the following: 59 bike commutes for the entire
week, 483 miles biked, 25 participants, and a 41.8% participation rate on
Wednesday May 15th, Bike to Work Day. Congratulations Team Lowell!

In Memory:
Astronomer Emeritus, Henry Giclas

Longtime Lowell Astronomer, Henry Giclas, died in Flagstaff on April 2, 2007. With the exception of the time he was
away at school, he spent most of his adult life on Mars Hill.
He was born in Flagstaff on December 9, 1910, a little more
than a year before Arizona became a state.
Henry became good friends with David Slipher, son of
then Lowell director, V. M. Slipher, while in high school. He
attended the University of Southern California in the early
1930s, and worked in the summer as an assistant to Dr.
Slipher. Upon completing his education at the University of
Arizona, he came back to work at the Observatory. He met
Bernice Kent, who was working as a secretary here, and
married her after she completed college.
In the scientific arena, Henry is best known for his propermotion survey of stars in the Northern Hemisphere, which he
started in the late 1950s and completed 25 years later. With
funding from the National Science Foundation, he and his
assistants, Norman Thomas and Robert Burnham, used the
13-inch A. Lawrence Lowell Astrograph to photograph the
same fields with the same telescope imaged decades earlier by
Clyde Tombaugh in the search for Planet X. The Giclas team
carefully compared each modern plate with the corresponding
early plate on a blink comparator to find moving objects. The
three-decade interval between the plates allowed the motions
of the nearest stars to be recognized. This project yielded a
catalogue of about 7500 new nearby stars, including some of
the intrinsically faintest and most evolved stars known at the
time. The successive lists were used by astronomers to study
the then enigmatic white dwarf stars, and to analyze the galactic dynamics of nearby stars. The survey also turned up many
new asteroids and several comets.
Henry “officially” retired in 1977, but he came to work
daily though mid-2006. He is sorely missed by both the staff
and friends of Lowell, who had the privilege of knowing him
for so long.

