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SETI: The Dream of a New Era By Edoardo Gallo “In a very real sense this search for extraterrestrial intelligence is a search for a cosmic context for mankind, a search for who we are, where we come from and what possibilities there are for our future in a Universe vaster both in extent and duration that our forefathers ever dreamed of ” (1). arl Sagan’s words convey how the detection of an extraterrestrial form of intelligence would not just be a new discovery, it would be the beginning of a new era. Fortytwo years ago when Philip Morrison and Giuseppe Cocconi, two physicists at MIT, published the famous paper “Searching for Interstellar Communications”, they gave birth to the idea of starting a Search for ExtraTerrestrial Intelligence, commonly known as SETI (2). Their proposal was to use radiotelescopes to search for signals coming from an extraterrestrial civilization, and they immediately found support from the scientific community. Only one year later a young astronomer, Frank Drake, started Project Ozma, the first radio search for signals using a simple antenna pointed at two nearby Sunlike stars (3). Frank Drake was also the greatest contributor in laying down the theoretical motivations to support SETI. His work can be summarized by the well-known Drake’s equation: N = R*fp*ne*fl*fi*fc*L . This equation gives an estimate of the number N of com-



municative civilizations present in our galaxy. Each parameter denotes the probability that a necessary condition for the existence of an extraterrestrial civilization occurs. Technological developments allow and will allow us to give a good estimate of the first param-
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fraction of those planets where life (fl ), intelligence (fi) and technology (fc) develop and the lifetime of communicating civilizations (L), are much harder to determine. Thus estimates of N are very subjective and values range from one to ten of millions, although the SETI scientists agree on an estimate between 100 and 10,000. Many members of the scientific community felt that the estimates from Drake’s equation were high enough to warrant starting the SETI project (4).
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Search Criteria



Frank Drake, the most famous among SETI’s intellectual fathers.



eters: R* (rate of formation of suitable stars), fp (fraction of suitable stars with planets) and ne (number of Earth-like planets per planetary system). For instance, in the last years scientists have discovered more than 60 extra-solar planets, and this number is expected to rapidly increase. On the other hand, the last parameters, which indicate the



Scientists observe the sky by detecting different types of radiation, from very high-frequency beams (e.g. X- and gamma rays) to very low-frequency ones (e.g. radio waves), and they had to decide what was best to use for SETI. The main problem is to minimize the loss of the traveling signal due to absorption or noise. Absorption of shortwavelength radiation from dust grains in space and the Earth’s atmosphere rules out very high-frequencies. There are also noise interferences above 100 GHz due to the quantum nature of electromagnetic radiation and below 1 GHz due to our galaxy’s synchroton radiation. Furthermore, it is essential to find a window where there is a negligible cosmic background radiation, the remnant of the radiation emanated by the Big Bang (5).



The Search in Practice The favorite instruments for SETI are radio telescopes. These are parabolic dishes reflecting incoming radio waves to an antenna where the signal is collected, converted into an electrical one, amplified, and finally digitalized so that it can be fed into a computer for detailed analysis. The recent production of faster and more powerful computers incredibly improved the observational capacity of radio-telescopes, allowing scientists to build multi-channel receivers by inserting frequency tuners into their telescopes. This allows researchers to observe the sky at millions of frequencies at the same time whereas the first SETI searches could only focus on a single frequency. More efficient computers also allow the construction of interferometers, systems composed of several radio-telescopes that make the same set of measurements. When processed by computer, the subtle differences between these measurements allow for vastly improved resolution (6). However, even if radio-telescopes have made huge technological improvements, there is still a trade-off between the breadth and the detail of



observation. Thus some scientists prefer “all-sky” searches aimed at observing the largest possible portion of the sky, while others opt for “directed” searches, which focus on a specific area or object, allowing detection of weaker signals at the expense of committing to a very narrow region of the sky. To demonstrate the sensitivity of SETI methods, scientists in Project Phoenix at the SETI Institute executed an experiment to detect an artificial signal coming from the Pioneer 10 spacecraft. This probe is now well beyond the limits of our Solar System, but it is still able to transmit weak signals back to Earth. When the researchers pointed their instruments toward the Pioneer 10, they were able to detect a signal which passed all the tests for an ET signal (described later), proving the usefulness of SETI’s observational tools (1).



Optical SETI In the last decade or so, another search method has become increasingly popular in the scientific community: the Optical Search for ExtraTerrestrial Intelligence, com-



monly known as OSETI, first presented in 1961 at the Institute for Defense Analyses (7). Unfortunately, the technology available at that time was not advanced enough to apply their ideas and therefore they were put on hold until a decade ago. OSETI’s goal is to detect an artificial message created with a tightly focused laser beacon. This type of transmission seems plausible because it has the advantage that at great distance the laser beam can outshine the star where it comes from, due to the spreading of the star’s light as opposed to the tight focus of the laser. Furthermore, this type of beacon can also send more information than a radio transmission (8). Therefore it is neceesary to split resources between both radio and optical SETI, since either could be used by a transmitting civilization. Radio signals can be produced without using a high amount of energy (unlike optical beacons), and they can travel longer distances with less degradation. In addition, radio transmission is omnidirectional, whereas optical beacons require a precise target. On the other hand, an extraterrestrial civilization might choose optical, realizing that
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After a close analysis of these difficulties, Cocconi and Morrison concluded that radio waves in the microwave region were the best solution, focusing on the neutral hydrogen emission line at 1420 MHz. Now most SETI radio-telescope searches look at potential signals in the so called water-hole region between the frequencies of the neutral hydrogen (H2) line and the hydroxyl (OH) lines (at 1612, 1655, 1667 and 1720 MHz). There is also a more philosophical reason behind this choice: H and OH are the constituents of water, a fundamental molecule for a form of life similar to ours, and therefore the choice of these emission lines would be quite significant (2).



“The favourite instruments for SETI are radio-telescopes.” This radio-telescope at Arecibo, Puerto Rico, is the largest in the world. It is currently being used by Project Phoenix. winter 2002 Harvard Science Review 9
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Final Word on the Future



Graph depicting the signal coming from the Pioneer 10. This is how the effective detection of a message from an extraterrestrial civilization would look.



radio detection requires very advanced technology like sophisticated signal processing hardware and software, while optical beacons can be easily observed using optical telescopes or photon detectors.



The Results We have not yet detected any signal that we are certain originated from extraterrestrials. However, there have been many cases of so called “Wow!” signals, which have not been disconfirmed, but that did not show up again after the first observation. The failure in repeatedly observing a signal does not rule it out as a “mistake” since it could be from an intermittent source, but at the same time we cannot identify it unless we simultaneously detect it from different locations. The most notable example of a “Wow!” signal was detected by the Big Ear Radio Observatory in 1977. It passed lots of tests for an ET signal, it was unusually clear and it lasted little more than a minute, but unfortunately it was never observed again (6). A possible reason of the failed detection of an ET signal is that researchers set very strict criteria to classify a signal as extraterrestrial. This strictness is necessary to be totally sure to rule out any false alarm, but it may also cause the loss of a real ET signal. There
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are basically four stages a signal has to pass to be considered of extraterrestrial origin: 1. Signal Acquisition: this stage is designed to be very sensitive and it detects many false alarms, most of them caused by Earth-based transmitters; 2. Signal Analysis: this is the last automated stage and it rules out most of the candidates, especially the ones coming from human sources. The main technique used is to take advantage of the Doppler effect: the frequency of radiation coming from far away will be shifted due to the motion of the source away from the Earth while local radiation won’t. Another way of ruling out local interference is to use a second detector at some distance from the main one so that signals from far away will not change their relative positions in the sky while local ones obviously will. 3. Follow-up Detection: this is an open-ended stage where astronomers at different locations attempt to disqualify the signal with exhaustive observations, a signal that passes this step is considered to be extraterrestrial in origin (the famous 1977 “Wow!” did not pass this stage); 4. Decoding: this stage is the attempt to decipher the meaning of an extraterrestrial signal which passed the third stage. No signal has ever passed the third stage (6).



Certainly, the future looks much brighter for SETI than it did only eight years ago when, after only one year of operation, the U.S. Government decided to cut public funding and SETI came very close to the point of extinction. At that time a very violent debate took place between the scientific world of SETI’s supporters and many political figures. Both sides had valid arguments, but we can be glad SETI did not die: its goal is the realization of the dream of stargazers everywhere, and dreams, even impossible ones, should never die. Edoardo Gallo is a Physics & Math concentrator with an interest in economics. He loves physics, soccer and…girls (in random order).
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... his father-in-law Pompey. Pompey had defeated Marius's followers in Africa, Sertorius in Spain and Mithridates in Africa. The central globe is a reminder to the Roman people that his family significantly contributed to securing Rome's world domin
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