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Slide 1: First we want to thank Judy Grove for inviting us here this evening. Both Judy and her husband have been deeply interested in astronomy. We would like to dedicate our talk tonight to Bill Grove. 

I am a retired physicist still working at Fermilab. Nancy is a gifted artist and poet. 

Tonight we are talking about looking for intelligence beyond the sun, SETI. This is somewhat like looking for ancient civilizations on earth so I have become an interstellar archaeologist. Nancy and I hope to keep the presentation short so there will be plenty of time to discuss Nancy’s work as well as interstellar archaeology. 
Slide 2: 
Slide 3: A few weeks ago NASA announced that the Kepler spacecraft had discovered six new worlds around a star. The Kepler mission has also detected an earth sized planet. Since we started discussing this talk a few moths ago the number of known planets has almost doubled.

We now have a much better appreciation of how stars form, live, and die. On the right is a recent book by Stephen Hawking and his collaborator that deals with a very large question, “where did the universe come from?” Most of us don’t know the answer but we are now far better at discussing the question. 

Slide 4: Stars and planets form from collapsing clouds of dust. The NASA photo on the left is the famous “pillars of creation” in the Eagle nebula. It shows cloud of cosmic dust where stars are blinking on before our eyes. As they do planets emerge out of the dust. These developments in astrophysics and cosmology are coupled with equally important developments in biology and questions about how life evolves, how it works, and how it originated. 

Nancy has addressed these topics in both visual art and in poetry. 

Nancy The painting on the right, titled The Star Madonna, is a reference drawn from classical paintings of the subject of mother and child. Each round “star” is a mirror embedded in the hair of the Madonna. On the left is the famous photo taken by the Hubble Telescope of the birth of a star emerging from the top of a cloud of galactic dust of the so-called Pillars of Life found in the Eagle Nebula.

THE EAGLE'S CHILD
 On seeing Internet pictures taken by the Hubble telescope of the birth of a star in the Eagle Nebula*  
I saw, with my astonished eyes

a story told in ancient light--

celestial birth in distant skies

as our Sun-star once took flight.

This nameless star, egg-like it grew

in dull galactic primal dust

until it left the womb as new

stars and poems always must.

Has it, like Sun, a circling globe

with sea-fish, bird, and dexterous ape

who'se built a clever eye to probe

our mysteries? Does her mind escape

  its bounds to ponder ancient light

  and move a poet's pen to write?

Slide 5: Nancy: One thing this poem highlights is the enormous span of our evolutionary development. It also raises questions about how different “civilizations”, for example advanced social insects and humans might sense their universes. 

In the diptych painting now on the screen was inspired by watching an ant laboriously trying to move a dead fly across a cement sidewalk. I wondered if the ant was, on a different scale, attempting to solve his problem much the same as the enormous task of an astronomer in his quest to untangle the mysteries of the universe.

[Read Nancy’s poem “The astronomer and the ant”.]

ASTROPHYSICS AND THE ANT
The Astronomer 

How can I unweave the gauzy fabric of the stars 
when each parting strand reveals a farther curtain 
hiding another 
and another 
and another? 
I focus on the place where the mysteries began 
but my ever-more sophisticated eyes only reveal 
what I cannot see. So the answers still lie wrapped 
in the gauzy fabric of the stars 
where each parting strand reveals a farther curtain 
hiding another 
and another 
and another.

The Ant 

How can I untangle this matted carpet of earth 
when behind each shadowed clot or stem lies another growth 
hiding another 
and another 
and another? 
My antennae seek that place where the mysteries began 
but my slender legs grow tired and I must find food. 
So the answers still lie hidden 
in this tangled carpet of earth where the bright side 
of each passing clot and stem 
reveals a shadowed other 
and another 
and another.
Slide 6: Dick Are there life and intelligence beyond the Sun? With the growing understanding of so-called extremophiles, life in extreme conditions, the chances of finding life elsewhere increases. There has been a growing appreciation of just how robust biology is on earth. One of the best illustrations is the biology that develops around white smokers, deep hydrothermal vents at the bottoms of oceans. Life has evolved in total darkness in a very hot environment. In the last few months we have head a lot about a bacterium discovered by Felisa “Iron-Lisa” Wolfe-Simon and her colleagues. The bacteria live in Mono Lake in California with an arsenic concentration fifty thousand times higher than normal.

Niches where life can exist on the earth, in the solar system, or in the galaxy are called habitable zones. The interesting book “Rare Earth” published a decade ago discusses these zones and came to the conclusion that intelligent life is very rare indeed. My own feeling is that habitable zones are now understood to be somewhat larger and maybe intelligent life is not so rare after all.

Slide 7: 

Slide 8: Dick: What are some possible signatures of intelligent life beyond the sun? By far the best possibility up until now is the search for radio signals and laser flashes from a planet beyond the sun. Radio and TV signals can span the galaxy. Jill Tarter, a leader of the SETI Institute in California and one of the stars of the field, points out that strong TV signals from earth can be detected one light year out but still only a fraction of the way to the nearest star. You may not recognize Jill but Jody Foster famously portrayed a radio astronomer in Carl Sagan’s movie Contact that might have been patterned after her. Arecibo planetary radar reaches out to 3000 light years, or millions of stars. An advanced civilization could do much better but might be interested in limiting radiation.

Notice that some of these searches could also detect “cultural signals” similar to TV.

Many radio SETI searches have been carried out over the years. Arecibo has been used for searches. Millions of computers around the world have been used for the searches using SETI@home. Tarter’s institute has a new facility called the Allen radio telescope using many small dishes. So far no good signal has been detected.
Nancy: Dick and I got interested in radio SETI back in the sixties when we were very young. We had other fish to fry. Dick was helping build Fermilab so he couldn’t search for SETI. I was doing art and raising a family. Dick was worried that a signal might carry what we now call a malevolent virus rather than some hands across the galaxy platitudes. He now calls this possibility “SETI Hacker”. Instead of searching we wrote a science fiction novel, “The Siren Stars” about the dangers of radio signals. It was lots of fun to interact with John Campbell, the man Isaac Asimov called "the most powerful force in science fiction ever.“ We were in good company writing about malevolent radio signals. Fred Hoyle’s “A for Andromeda” is along similar lines. Stephen Hawking hqs recently taken up the same theme.

Slide 9: A second possibility is examining the atmospheres of planets beyond our Sun for signs of “civilization”.  A planetary signature of civilization is called a Type I Kardashev signature after the Russian who invented the classification. When Galileo looked out toward Jupiter with the first astronomical telescope four centuries ago he saw the moons of Jupiter. In his day this was the first search for planets, in this case the moons of Jupiter. Now astronomers like Lisa Kaltenegger and Giovanna Tinetti are making astounding discoveries about exoplanets. 

One of the most remarkable features of exoplanet observations has been the detection of some of their atmospheres. Could atmospheric signatures give some marker for intelligence? Before that question can be addressed one first has to ask if signatures of life can be found. Three decades ago Lovelock suggested the presence of oxygen and the vegetative red edge in planetary spectroscopy could be a signature. 

The atmosphere of HD189733b 63 light years away shows how much progress has been made. Methane, water, carbon monoxide, and carbon dioxide have been detected with Hubble’s NICMOS infrared spectrograph.  Tinetti , one of the principal observers, notes that the planet is hot, too hot for even cows to survive. This data even shows evidence of high altitude haze and energy redistribution (wind).  In the last year they have reported fluorescence from methane using a ground based infrared telescope.

Recently the Spitzer infrared space telescope has observed the signature of silicon dioxide, possibly due to clouds. Speculatively, could this be a hint of a computer environment? Obviously a natural explanation involving a “hot Jupiter” atmosphere is the correct one.

Spectacular as this information is, the measurements are still far from seeing a unique cultural-based signature like a carbon dioxide change or freons. We know carbon dioxide in our atmosphere has changed dramatically during the industrial age. Could that be a signature? The freons (CFCs) are a good illustration . Indeed this terrestrial signature was first investigated by Lovelock partly in connection with  detecting life on Mars. Researchers like Kaltenegger have made the point that these detections require flotillas of very powerful infrared space telescopes and are decades away.

Slide 10: Half a century ago Dyson suggested that an advanced civilization could harvest all of the light coming out of a star by surrounding the star with the shards of a broken up planet, say a shell filled with solar powered silicon cell phone chips. A Dyson sphere would be a Type II Kardashev civilization since it would use all the energy of a star. At first sight the signature for a Dyson sphere sounds intriguing, that is an object with a temperature around earth’s own and the luminosity of a star. On the other hand building a Dyson sphere is an enormous engineering challenge typically requiring a thousand year’s of the star’s energy output. There are also stability issues but we’re dealing with an advanced society so they might solve the problem by active control. I have reported a whole sky search using the IRAS satellite where three marginal candidates were found. The illustration on the right shows these candidates with some other infrared stars. The plane of the galaxy is clearly visible.

Slide 11: Recently Peter Backus of the SETI Institute, Jim Annis, and I have carried out a SETI search with the Allen Telescope of some of these lackluster Dyson sphere candidates. Neutral hydrogen, known in radio spectra for many decades, often appears in SETI scans. The panel shows a 2 MHz portion of the spectrum near the famous neutral hydrogen line for the “best” Dyson sphere candidate shown in the last slide. Parenthetically, our search covers some of the radio bands used for cell phones and TV.

While it is amusing to think about the shoulder on the hydrogen line in all likelihood  it is due to a second cloud with a bluer Doppler shift, common in our search.

Slide 12: Surprisingly it is not so hard to imagine a whole galaxy filled with Dyson spheres. Two things are required, slow interstellar travel and replication at ten to a hundred times the scale of the automobile output of Toyota over several decades. Half a century ago Enrico Fermi, Fermilab’s namesake, noted that slow space travel is possible, it just requires patience. With only a factor of ten increase in speed compared to that already obtained one can cross the galaxy in sixty million years. 

Can we see Dyson filled galaxies or Dyson bubbles? Recently Dyson observed “a type III in our own galaxy would change the appearance of the sky so drastically that it could hardly have escaped our attention.”  In a similar vein Annis noted “It is quite clear that the Galaxy itself has not transformed into a Kardashev type III civilization based on starlight, nor have M31 or M33, our two large neighbors.”

Annis has suggested that elliptical galaxies might be a better place to look for Fermi voids or Fermi bubbles since they exhibit little structure. The problem is that they can be thick so interior voids are difficult to identify. M87 fifty five million light years away is a nice illustration of an elliptical with no apparent voids.

Slide 13: 

Slide 14: In summary, there are a number of interstellar archaeology signatures and most are difficult to imagine, construct, and then detect. There are many surrogates. The best shots at the moment seem to be ordinary cultural SETI and planetary atmospheres. A very useful step along the way is the search for signs of life beyond the sun. For Dyson spheres and stellar engineering work should mostly be directed toward investigating engineering techniques and limitations.

Echoing Fermi it is striking that once a civilization mastered something like Dyson sphere construction it could expand over a galactic rotation period.

We are now at the Galileo stage. The road ahead looks difficult but progress may be possible.

Slide 15: Judy suggested we give you some ideas of what you could do. On my web site (search on carrigan Fermilab) there is a Dyson sphere search exercise intended to give a flavor of what goes into a search. It is a bit detailed for an idle evening but maybe a gifted high school kid could find a project there. The SETI Institute site contains some SETI information. SETI@home has enlisted millions of individual desktop computers to analyze dat. I think it may be getting a bit tired by now. Amateur radio operators have also done SETI. Indeed radio astronomy with a steerable dish got its start when Grote Reber, a radio amateur built a radio dish in his backyard near the Wheaton Library before WWII. Occasionally computer experts work themselves into a frenzy on the internet denying the possibility of SETI Hacker. Stephen Baxter, a well-known science fiction author has recently compiled a useful bibliography of science fiction. 
An important area of discussion is what would be in a SETI message, smells, pictures, etc. Could we translate it? 

Nancy In pursuing SETI and interstellar architecture  remember the words of John Wellborn Root, a famous architect of Chicago, who said “Reason should lead the way, and imagination take wings from the height to which reason has already climbed.” 
“I wish I were taller but when looking at the stars it doesn’t matter.” Chicago poet Larry Janowski 

So, thanks for your interest. We are very happy to try to answer questions.

Slide 16: Questions?
