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Report from the Officers  
While attendance was low, the Feb. meeting 
went off without a hitch. The presentation on 
the recently launched GAIA space telescope 
shed light on an instrument that will, if success-
ful revolutionize our understanding of stellar 
evolution and galactic structure. The project will 
supply distances, space velocities and funda-
mental stellar properties for almost 1 billion 
stars extending from the center of the Galaxy to 
the edge of the Galactic disk. Located at the L2 
point in orbit about the sun, the mission is 
planned for five years, with no hope for repair 
or replacement if any technical problems arise.  

(Continued on page 2) 
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                                                 Of Local Interest 
                                            Catching Particle Fever  
                                              Gabriel PopkinðScience News 
                                      

                                     Documentary gives physics fans a look  
                                      inside the Large Hadron Collider  
 
Thereôs a brilliant dreamlike sequence about halfway through the documentary Parti-
cle Fever, when theoretical physicist Nima Arkani-Hamed enters his building at the 
Institute of Advanced Studies in Princeton, N.J., looking troubled. Cartoon equations 
and figures swirl around his head. As he walks upstairs to his office and starts to 
work, the buildingôs windows fall away. Shortly thereafter, the whole world disinte-
grates into a mess of alternate universes, almost none of which could support life. 
Could our existence be an accident, the film asks, and our attempts to understand 
nature a folly? 
 
ñThis is the sort of thing that really keeps you up at night,ò Arkani-Hamed says. In the 
film, much of his lifeôs work is riding on measurements emerging from the Large Had-
ron Collider, a giant ring-shaped particle accelerator under the Franco-Swiss border. 
The stakes are high too for David Kaplan, the Johns Hopkins physicist who con-
ceived the film. But to do these theory-confirming or theory-busting measurements, 
thousands of experimentalists inhabiting the colliderôs tunnels and control rooms first 
have to get the machine to work ð no small task. 
 
These experimentalists, practical and hardheaded, are the yin to the theoristsô yang. 
While Arkani-Hamed spins yarns with hair flying, LHC physicist Monica Dunford cool-
ly dons a hard hat and plunges into the colliderôs electronic guts. Thanks to her and 
her colleaguesô efforts, the machine eventually delivers data that confirm the proposi-
tion a handful of theorists dreamed up 50 years ago: An unseen particle called the 
Higgs boson explains why matter has mass. The experimentalists cheer and pop 
champagne bottles; the theorists, tuning in from Princeton, clap too, but quickly get 
busy revising old theories and devising new ones Interspersed with the plot are artful 
explanatory animations and commentary by the six articulate physicists who carry the 

(Continued on page 2) 
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About the Astronomy Associates of Lawrence  

The club is open to all people interested in sharing their love for astronomy. Monthly meetings are typically on the second F riday 
of each month and often feature guest speakers, presentations by club members, and a chance to exchange amateur astronomy 
tips. Approximately the last Sunday of each month we have an open house at the Prairie Park Nature Center. Periodic star parties 

are scheduled as well. For more information, please contact the club officers: president, Rick Heschmeyer at 

rcjbm@sbcglobal.net; webmaster, Howard Edin, at howard@howardedin.com; AlCor William Winkler, at   

billwink10@yahoo.com; or faculty advisor, Prof. Bruce Twarog at btwarog@ku.edu. Because of the flexibility of the schedule due 
to holidays and alternate events, it is always best to check the Web site for the exact Fridays and Sundays when events are 

scheduled. The information about AAL can be found at   
 http://groups.ku.edu/~astronomy   

Copies of the Celestial Mechanic  can also be found on the web at                                                                          
  http://groups.ku.edu/~astronomy/celestialmechanic  

Thanks to the abominable weather so far this year, our last public observing session was cancelled due to 
cloudy skies and temperatures in the teens. We will try again on March 30, after the official start of Spring, so 
hopefully we can plan on a lack of snow anyway. Our next monthly meeting will be in April since our usual 
scheduled date for March will fall over Spring Break. For entertainment purposes in March, you may be inter-
ested in the documentary film Particle Fever scheduled  for March 28 in Kansas City. See the story on Pg. 1 
for details. 
 
ñThe St. Louis Astronomical Society, in conjunction with the McDonnell Planetarium and Washington University, wish to in-
vite all Astronomical League members to the 2014 Mid-States Convention in St. Louis Missouri. 
                                                                          Friday, June 6 - Sunday June 8.  
The traditional Friday Star-B-Q will be at our James S. McDonnell Planetarium, which just celebrated its 50th anniversary. 
There will be Friday night public telescope viewing, a Sky show and guest speaker as well as Laserium shows. On Saturday 
we will have our morning and afternoon paper presentations; and a tour of the Earth and Planetary Sciences Center at Wash-
ington University. Saturday night will feature our annual MSRAL banquet, Amateur of the Year presentation, and keynote 
speaker, Dr Ray Arvidson, James S McDonnell Distinguished University Professor at Washington University in the Earth and 
Planetary Sciences Department.  Dr. Arvidson is involved with the Mars Rover missions and will give us the current status of 
their findings. On Sunday, we plan to offer workshops on astrophotography as well as other talks, including Night Sky Network. 
The hope is to provide you with skills to increase your fun and productivity. Bring your laptops, photos, etc. For people needing 
hotel rooms, Washington Universityôs Knight Center offers first class executive rooms. The Knight Center will also be the site of 
our Banquet, making for easy access to your rooms before and after the meetings. Information regarding accommodations will 
be updated on the registration page. Our registration website is now open. Please visit it as soon as possible. We have includ-
ed important dates and links below, and these are also on our website. Here is the link for the convention information including 

registration: http://slasonline.org/msral2014.htmlò 
 
Any suggestions for improving the club or the newsletter are always welcome. 

(Continued from page 1) 

story. Through these characters, we learn that billions of dollars have been spent not just to find a particle; the discovery of the 
Higgs is a stepping stone toward a deeper understanding of the universe. Kaplan says the fate of his whole field hinges on mak-
ing this clear to the politicians and public who will be needed to fund future accelerators. The film, like the collider it chronicles, is 
not flawless. Viewers who havenôt followed the LHC saga in the media may have trouble connecting the somewhat disjointed 
plot points. And physicists at work are not the most cinematic bunch: Much of the film consists of people staring at computer 
screens, writing equations on blackboards and drinking coffee. But this is a quirky and brilliant bunch of people, who in all ear-
nestness say things like ñDid you guys see our beautiful plot?ò and ñI really feel attached to this dataset.ò Itôs worth getting to 
know them a bit.  
 
Kaplan began filming in 2007, when he realized he could potentially document ña unique event in scientific history,ò the discov-
ery of the Higgs boson. He and his crew, which includes physicist-turned-producer and director Mark Levinson and editor Walter 
Murch (of Apocalypse Now fame), have done an admirable job with challenging material. The result is a beautiful and moving 
tribute to one of humankindôs true triumphs. 
 
From the website, http://particlefever.com/, the documentary will be shown on Friday March 28 at the Tivoli Theater in 

Kansas City. For more info, check in at http://www.tivolikc.com/index.html. 

(Continued from page 1) 
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Hubble Watches Stars' Clockwork Motion in Nearby Galaxy 

Using the sharp-eyed NASA Hubble Space Telescope, astronomers have for the first time precisely measured the rota-
tion rate of a galaxy based on the clock-like movement of its stars. According to their analysis, the central part of the 
neighboring galaxy, called the Large Magellanic Cloud (LMC), completes a rotation every 250 million years. Coinci-
dentally, it takes our Sun the same amount of time to complete a rotation around the center of our Milky Way galaxy. 

The Hubble team, composed of Roeland van der Marel of the Space Telescope Science Institute in Baltimore, Md., and 
Nitya Kallivayalil of the University of Virginia in Charlottesville, Va., used Hubble to measure the average motion of hun-
dreds of individual stars in the LMC, located 170,000 light-years away. Hubble recorded the stars' slight movements 
over a seven-year period. Disk-shaped galaxies, like the Milky Way and the LMC, generally rotate like a carousel. Hub-
ble's precision tracking offers a new way to determine a galaxy's rotation by the "sideways" proper motion of its stars, as 
seen in the plane of sky. Astronomers have long measured the sideways motions of nearby celestial objects, but this is 
the first time that the precision has become sufficient to see another distant galaxy rotate. 

For the past century astronomers have calculated galaxy rotation rates by observing a slight shift in the spectrum ð 
called the Doppler effect ð of its starlight. On one side of a galaxy's spinning stellar disk, the stars swinging in the direc-
tion of Earth will show a spectral blueshift (the compression of light waves due to motion toward the observer). Stars 
swinging away from Earth on the opposite side of a galaxy will show a spectral redshift (the stretching of light to redder 
wavelengths due to motion away from the observer). The newly measured Hubble sideways motions and the Doppler 
motions measured previously each provide complementary information about the LMC's rotation rate. By combining the 
results, the Hubble team for the first time obtained a fully three-dimensional view of stellar motions in another galaxy. 

"Determining a galaxy's rotation by measuring its instantaneous back and forth motions doesn't allow one to actually 
see things change over time," said van der Marel, the lead author on a paper in the Feb. 1 issue of the Astrophysical 
Journal describing and interpreting the results. "By using Hubble to study the stars' motions over several years, we can 

actually for the first time 
see a galaxy rotate in the 
plane of the sky." 

Kallivayalil, who led the 
data analysis, added: 
"Studying this nearby 
galaxy by tracking the 
stars' movements gives 
us a better understanding 
of the internal structure of 
disk galaxies. Knowing a 
galaxy's rotation rate of-
fers insight into how a 
galaxy formed, and it can 
be used to calculate its 
mass." 

Hubble is the only tele-
scope that can make this 
kind of observation be-
cause of its sharp resolu-
tion, its image stability, 
and its 24 years in space. 
"If we imagine a human 
on the Moon," van der 
Marel explained, 
"Hubble's precision would 
allow us to determine the 
speed at which the per-
son's hair grows." 

"This precision is crucial, 
because the apparent 
stellar motions are so 
small because of the gal-

axy's distance," he said. "You can think of the LMC as a clock in the sky, on which the hands take 250 million years to 

(Continued on page 10) 

This photo illustration shows Hubble measurements of the rotation of the Large Magellanic 
Cloud (LMC), the nearest visible galaxy to our Milky Way. The LMC appears in the South-
ern Hemisphere's night sky. In this photo illustration, the image contrast in a ground-based 
photo was enhanced to highlight the LMCôs faint outer regions, which are not visible to the 
naked eye. To illustrate the LMC's large apparent size on the sky, an image of the full moon 
is shown at bottom right. A horizon has been added for perspective. 

The arrows represent the highest-quality Hubble measurements of the motion of the LMC's 
stars to show how this galaxy rotates. Each arrow reveals the predicted motion over the 
next 7 million years. The motion of each star measured by Hubble over a few yearsô time is 
a million times smaller than the length of each arrow. The LMC completes a rotation every 
250 million years. 
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A Two-Toned Won-
der from the Satur-

nian Outskirts 

By Dr. Ethan Siegel 

Although Saturn has been known 
as long as humans have been 
watching the night sky, it's only 
since the invention of the tele-
scope that we've learned about the 
rings and moons of this giant, gas-
eous world. You might know that 
the largest of Saturn's moons is 
Titan, the second largest moon in 
the entire Solar System, discov-
ered by Christiaan Huygens in 
1655. It was just 16 years later, in 
1671, that Giovanni Cassini (for 
whom the famed division in 
Saturn's ringsðand the NASA 
mission now in orbit thereðis 
named) discovered the second of 
Saturn's moons: Iapetus. Unlike 
Titan, Iapetus could only be seen 
when it was on the west side of 
Saturn, leading Cassini to correctly 
conclude that not only was Iapetus 
tidally locked to Saturn, but that its 
trailing hemisphere was intrinsical-
ly brighter than its darker, leading 
hemisphere. This has very much 
been confirmed in modern times! 

In fact, the darkness of the leading 
side is comparable to coal, while 

the rest of Iapetus is as white as thick sea ice. Iapetus is the most distant of all of Saturn's large moons, with an 
average orbital distance of 3.5 million km, but the culprit of the mysterious dark side is four times as distant: 
Saturn's remote, captured moon, the dark, heavily cratered Phoebe! 

Orbiting Saturn in retrograde, or the opposite direction to Saturn's rotation and most of its other Moons, Phoebe 
most probably originated in the Kuiper Belt, migrating inwards and eventually succumbing to gravitational capture. 
Due to its orbit, Phoebe is constantly bombarded by micrometeoroid-sized (and larger) objects, responsible for not 
only its dented and cavity-riddled surface, but also for a huge, diffuse ring of dust grains spanning quadrillions of 
cubic kilometers! The presence of the "Phoebe Ring" was only discovered in 2009, by NASA's infrared-sensitive 
Spitzer Space Telescope. As the Phoebe Ring's dust grains absorb and re-emit solar radiation, they spiral inwards 
towards Saturn, where they smash into Iapetusðorbiting in the opposite directionðlike bugs on a highway wind-
shield. Was the dark, leading edge of Iapetus due to it being plastered with material from Phoebe? Did those im-
pacts erode the bright surface layer away, revealing a darker substrate? 

In reality, the dark particles picked up by Iapetus aren't enough to explain the incredible brightness differences 
alone, but they absorb and retain just enough extra heat from the Sun during Iapetus' day to sublimate the ice 
around it, which resolidifies preferentially on the trailing side, lightening it even further. So it's not just a thin, dark 
layer from an alien moon that turns Iapetus dark; it's the fact that surface ice sublimates and can no longer reform 
atop the leading side that darkens it so severely over time. And that storyðonly confirmed by observations in the 
last few yearsðis the reason for the one-of-a-kind appearance of Saturn's incredible two-toned moon, Iapetus! 

Learn more about Iapetus here: http://saturn.jpl.nasa.gov/science/moons/iapetus . 
Kids can learn more about Saturnôs rings at NASAôs Space Place: http://spaceplace.nasa.gov/saturn-rings  

Images credit: Saturn & the Phoebe Ring (middle) - NASA / JPL-Caltech / Keck; 

Iapetus (top left) - NASA / JPL / Space Science Institute / Cassini Imaging Team; 

Phoebe (bottom right) - NASA / ESA / JPL / Space Science Institute / Cassini Imaging 

Team. 

http://saturn.jpl.nasa.gov/science/moons/iapetus
http://spaceplace.nasa.gov/saturn-rings
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NASA's Kepler Mission Announces a Planet Bonanza, 715 New Worlds  

NASA's Kepler mission announced Wednesday the discovery of 715 new planets. These newly-verified worlds orbit 
305 stars, revealing multiple-planet systems much like our own solar system. Nearly 95 percent of these planets 
are smaller than Neptune, which is almost four times the size of Earth. This discovery marks a significant increase 
in the number of known small-sized planets more akin to Earth than previously identified exoplanets, which are 
planets outside our solar system. 

"The Kepler team continues to amaze and excite us with their planet hunting results," said John Grunsfeld, associ-
ate administrator for NASA's Science Mission Directorate in Washington. "That these new planets and solar sys-
tems look somewhat like our own, portends a great future when we have the James Webb Space Telescope in 
space to characterize the new worlds.ò 

Since the discovery of the first planets outside our solar system roughly two decades ago, verification has been a 
laborious planet-by-planet process. Now, scientists have a statistical technique that can be applied to many planets 
at once when they are found in systems that harbor more than one planet around the same star. 

To verify this bounty of planets, a research team co-led by Jack Lissauer, planetary scientist at NASA's Ames Re-
search Center in Moffett Field, Calif., analyzed stars with more than one potential planet, all of which were detected 
in the first two years of Kepler's observations -- May 2009 to March 2011. 

The research team used a technique called verification by multiplicity, which relies in part on the logic of probability. 
Kepler observes 150,000 stars, and has found a few thousand of those to have planet candidates. If the candidates 
were randomly distributed among Kepler's stars, only a handful would have more than one planet candidate. How-
ever, Kepler observed hundreds of stars that have multiple planet candidates. Through a careful study of this sam-
ple, these 715 new planets were verified. 

This method can be likened to the behavior we know of lions and lionesses. In our imaginary savannah, the lion-

(Continued on page 6) 

The artist concept depicts multiple-transiting planet systems, which are stars with more than one planet. The plan-
ets eclipse or transit their host star from the vantage point of the observer. This angle is called edge-on. 


