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I. Introduction.

     This is an update and sequel to the talk the author gave in November, 2006, titled “Exoplanets and the Drake Equation.”  A summary of that talk is given on the Lyncean group web-site.  The main purpose of the work presented was to develop an estimate of the likelihood that an advanced technical civilization (ATC) besides our own exists in our galactic neighborhood: i.e., within ~1000 light years of us.  A highly modified Drake equation (HMDE) was developed to relate the various factors to be considered, which are today mostly quite different from those used in the original (1961) equation due to considerable advances in relevant sciences. For example, prebiotic chemistry and molecular biology were new disciplines in 1961, but now provide important help in defining the minimum time required for the emergence of an ATC.  This, in turn defines those stars with adequate main sequence lifetime to allow a properly orbiting Earth-type planet to evolve an ATC.  Another factor is that a small star (K7 V or  smaller) has a relatively close CHZ (circumstellar habitable zone), and an exo-Earth with a livable temperature would be tide-locked before evolution could produce an ATC.            

     The Gliese Catalog of Nearby Stars was used to estimate the population density of suitable stars.  Exoplanet data were used in estimating the likelihood that an exo-Earth would have a suitable temperature regime and would not have its orbit unduly perturbed by sister planets.  Solar system data were used to estimate the probability that an exo-Earth’s axis of rotation would be stabilized by a moon and would have enough magnetic field to be protected from its star’s solar wind.  The survivabiliity of a civilization, based mostly on its chance of successfully transitioning from primitive competition to cooperative conservation and use of its planet’s resources, was also a factor - and the least robust of them all - in the HMDE.

The material of that talk was considerably expanded in my book, Extra-Terrestrial Civilizaations in our Neighborhood, by H.Richard Lukens, Jr., Outskirts Press, 2007, Rev.2, 2008.  

     It was found early-on that there is no real correlation between a planet’s size and its distance from its sun.  Therefore, the orbits of known exoplanets can be taken as exemplars of orbits that will be found for exo-Earths when it becomes possible to detect them.

II. Update.

     At the time of the 2006 talk there were 126 qualified exoplanets (planets that orbit suitable stars), and 2 of them had orbits that stayed within their star’s CHZ (3 out of 134 planets, if one includes our solar system), and would have had equatorial temperatures between 279 and 327 deg K throughout their orbits.  As of August, 2009, there were 3 such planets out of 200 qualified exoplanets (4 of 208, if our solar system is included).  The temperature upper limit for development of advanced species is probably 333 deg K (pasteurization temperature), the temperature at which important proteins are denatured and protein structures necessary for advanced life-forms break down.  Obviously, the lower temperature limit for advanced creature development would be 273 deg K (the freezing point of water).  The limits of 279 - 327 deg K allow for the fact that planets go through some periods of unusual cold and/or heat.

     The other factor that exoplanet data helps define is the orbital stability factor.  If the gravitational attraction of a sibling planet is too strong, the exo-Earth’s orbit will not remain stable over the billions of years required for the emergence of an ATC.  To evaluate this factor, it is assumed that each of the suitable stars around which exoplanets have been found also has an exo-Earth orbiting in the middle of its CHZ.  In 2006, 84% of such exo-Earths would have had excessive orbit destabilization due to one of the known planets, whereas by August, 2009, the value had dropped a few percentage points to 81%. 

     In 2006, the chances of another ATC within 460 light years of us was estimated to be 50%, and 95% within 750 light years. All things considered, the likelihood remains essentially unchanged in the last 3 years. Unchanged, too, is the logic that another ATC is probably far more advanced than our own ATC.  After all, a) stars with sufficient metallicity to have rocky planets like Earth have existed in our part of the galaxy for over 6 billion years, and b) Earth is only 4.5 billion years old and we’ve only been doing serious science for a few hundred years. A neighboring ATC may even be an interstellar civilization, which brings up the second part of the talk: the question of how they might communicate across interstellar distances.

     Exoplanet discovery technology resources continue to improve.  The radial velocity method of finding exoplanets remains the most productive, but has been supplemented by the transit method of the European Corot mission and the more recent (and more capable) NASA Keppler mission.  Keppler will be able to detect Earth-sized planets. The upcoming SIM Lite Astrometric Observatory will measure the side-to-side wobble of stars due to orbiting planets.  In the latter half of the next decade Europe will launch Darwin, a set of three 3-meter telescopes and an instrument module that will be able to use nulling interferometry to directly image planets.  Darwin will also enable spectroscopic analysis of exoplanet atmospheres.

     Meanwhile, the capability of earthbound astronomy is growing rapidly.  Many 8 and 10 meter telescope installations have been completed in recent years, and many are equipped with laser guide stars, adaptive optics, multitarget measurements, and interferometric capabilities.  Even larger telescopes are planned.  The GMT (Giant Magellan Telescope) with seven 8.4 meter mirrors will be located on Mauna Kea.  A 30 meter telescope will be located either in Chile or the Canary Islands, and a 42 meter telescope is being considered.  Direct imaging of exoplanets around sun-type stars from ground-based telescopes is anticipated.

     The laser comb, which uses the evenly-spaced spectrum emitted by a mode-locked laser to accurately calibrate spectral wavelengths, brings the radial velocity sensitivity to 1 cm/sec.  Until now the best sensitivity was about 1 meter/sec.  The actual improvements in the radial velocity method effected by the laser comb remains to be seen.  The noise level from stars often exceeds 1 cm/sec, so the effectiveness will undoubtedly vary from star-to-star.  Still, an Earth-sized planet orbiting in the habitable zone of a G2 V star causes the star to orbit around the center of mass at about 10 cm/sec.  Thus, it’s expected that such planets could be within the range of the radial velocity method in the near future.

     As data regarding smaller and smaller exoplanets becomes available, the analysis of important factors related to the possibility of extra-terrestrial life in general, and advanced civilizations in particular, will be improved.

III. Faster than light communication (FTLC)

     Certainly, an interstellar ATC would not wish to be constrained by the time it takes for messages to travel between stars at the speed of light.  Rather, they would  seek some FTLC technology.  Here, this technology is treated as an M. Kaku Type 1 impossibility: i.e., as a technological problem that we might solve within about 100 years.  

     Michio Kaku, in his Physics of the Impossible (Doubleday, 2008), lists telepathy, teleportation, and invisibility as Type 1 impossibilities.  We are already making substantial progress in all three of these areas.  He does not mention FTLC, so I offer here some reasons why I think this might be within the realm of possibility.

     History is replete with vanquished impossibilities, amongst which is the law that says nothing can go faster than light.  While nothing was ever supposed to go faster than c, the speed of light;   it is now considered necessary that some phenomena exceed c.  Tachyons, if they exist, must exceed c.  Alan Guth’s widely accepted inflation theory involves the radius of the universe expanding at ~20 orders of magnitude faster than c for a fraction of a second.  A quantum tunneling phenomenon was measured at ~300c in the late 20th century.  Communication between entangled quantum particles is another faster-than-light phenomenon.  
      Regarding quantum particles, anything about such a particle that can be measured (e.g., spin, polarization, position) can be represented as a state. The measured state is called a basis state. For example, the basis states of spin of an electron can be described as  “up” and  “down”, depending on the direction of its spin vector. Moreover, it is possible to have these states in superposition (e.g.., an electron can have up and down spin states simultaneously).  Interactions of two quantum particles sometimes results in a system where each is in superposition and the two particles are entangled: i.e., it’s impossible to specify the state of either particle by itself.  Furthermore, their behavior is coherent.  For example, in the case of entangled electron spins created such that their total spin is zero, it will be found on breaking superposition of one particle, the other particle’s superposition state will also be broken, and further, the spin of one will be up and the spin of the other will be down. 

     Albert Einstein was troubled by several features of quantum mechanics, including the uncertainty principle, and Born’s formulation that Schroedinger’s wave equation specified, not the location of an electron about an atom, but the probabilities of an electron being at multiple locations.  However, he was most troubled by entanglement, which, according to quantum mechanics, featured instantaneous coherence between particles over any distance.  Thus, if superposition of one of the particles collapses, the other will collapse instantly - even across the universe.  This, of course had not been proven when Schroedinger first described entanglement in 1935, and in the same year, Einstein, B. Podolsky and N. Rosen responded with a famous paper, the EPR paper, to the effect that such  a “non-local” phenomenon could not exist, and that there must be some hidden variables that quantum mechanics had yet to discover.  

     In 1964 John Bell specified a means of testing the EPR position, and in 1972 Clauser and Freedman carried out experiments with entangled, polarized photons that found strongly (i.e., to 5 standard deviations) in favor of quantum mechanics as opposed to the EPR position.  In 1983, A. Aspect’s experiments found in favor of quantum mechanics to over 40 sigmas.

     Measurement of the speed of interaction between two entangled quantum particles is limited by the response time of our instruments, but was measured by N. Gissen  at >10,000,000 times c.  Actually the interaction is theoretically instantaneous, in which case it is essentially beyond measurement.  Thus, the use of quantum entanglement to send messages would fulfill the communication needs of an interstellar ATC.  

     It is worth noting that superposition and entanglement of states are the features that will give the quantum computer incredible advantages over present digital computers in a number of applications.  The most famous example concerns the time for factoring a very large number.  Given a very large number, it would take years for a standard digital supercomputer to factor the number, whereas a quantum computer could do the job, via Shor’s algorithm, in minutes.  For this reason, very intense R&D toward development of the quantum computer is being conducted in laboratories all over the world.  Quantum computers that use a small number (less than ten) q-bits have been built and operated.  One of the latest versions is a photonic chip developed by Politi et al (Science, 325, p.1221, 2009), which uses 5 q-bits (one redundant) to demonstrate factoring via Shor’s algorithm.

     Electrons, ions, atoms,  nuclei, and superconducting circuits are all being explored for use as q-bits, the analog of the digital computer’s bits.  Whereas the ordinary bit can store a zero or one, superposition enables the q-bit to store both numbers simultaneously.  Thus, where 8 ordinary bits can store one of 256 numbers, 8 q-bits can store all 256 numbers at once.  Entanglement of q-bits is used in carrying out a quantum computer algorithm.

     An obvious scenario for FTLC using entanglement would be to have, for each symbol one wishes to use, one of a pair of entangled particles in each of two containers.  This would comprise two sets of symbols, and one set could be transported to a distant terminal so that communication between the home terminal and the distant terminal would be possible by adjusting various symbols as on or off at one terminal and reading them at the other.  However, this seems impossible.  One can pass numbers (information) between entangled registers in a quantum computer, but there are several reasons why it appears that information can’t be extracted from the computer nondestructively. 

     One present difficulty is that interaction of either particle with the environment will destroy superposition and, thus, entanglement.  Moreover, most present systems have entanglement lifetimes of considerably less than a microsecond, so that the two sets would be useless before the trip began.  Fortunately, R & D in the quantum computer community is making progress toward extending superposition lifetimes, and for some systems lifetimes of over 10 minutes have been achieved.  It can be expected that continued work will find means to extend the lifetime as long as needed.

     A second difficulty with the “obvious” scheme is that determining a particle’s quantum state by today’s procedures forces the particle into one of its basis states, which terminates superposition.  Thus, reading a symbol would render it inoperative for further use, because it breaks the entanglement.  
     The third difficulty has to do with the probabilistic nature of “reading” a particle in superposition.  Suppose we say a read of spin up stands for one and spin down stands for zero.
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When superposition of the particle is terminated, the resulting spin will be either one or zero by chance.  In other words, one can only send and receive gibberish under such conditions.  To date there is no Rosetta Stone course in gibberish.

     Obviously, in order for a quantum computer to be operable, it must be possible to input information and carry out programs without destroying superposition and entanglement.  The key is to use gentle adjustments of states.  For example, where the spin of an electron is in a basis state of up or down, it can be flipped to the opposite state with a brief laser pulse.  And if the pulse lasts only half as long, the electron will be put in a superposition state.  Furthermore, several techniques have been developed to use a laser to put two electrons into entanglement.

     It should be noted that superposition does not necessarily mean that two states are equally probable.  In representing the superposition state, we can put each state in parentheses and specify the amplitude of each in front of the state.  The square of the amplitude represents the relative probability of the state.  For example, with electron spins in superposition with equal probability (50 : 50), one can write  0.707(up) + 0.707(down).  But with a different adjustment of superposition, as with a properly timed laser pulse, one could just a easily have 0.80(up) + 0.60(down), which gives a 0.64 : 0.36 probability.  

     The problem of decoherence (collapse of superposition, breaking of entanglement) is being studied intensely.  Algorithms have been developed to correct for errors caused by decoherence. Katz et al (Science, 312, p.1498, 2006) have even developed a method of detecting impending decoherence and correcting it.  A further development pushes the limits of the no-cloning rule in quantum mechanics, which says you can’t make copies of a quantum state.  For example, in teleportation, one can pass information about a quantum state to another person, who can then duplicate that state.  However, it’s a duplicate - not a copy - because the process destroys the state that was duplicated.  Nevertheless, the rule should probably be amended to say that one can’t make perfect copies, because it’s been found that one can make near-perfect copies (Nature 439, p.895, 2006), copies that could perhaps be good enough to implement redundancy as a tool against decoherence.

     The rule that you can’t transmit information faster than light should perhaps be amended, too, for scientists have now shown that one can obtain information about superposition states nondestructively: i.e., without causing decoherence.  Engel and Loss (Science, 309, p586, 2005) proposed a spin-parity meter that performs non-destructive measurements on electron pairs in quantum dots.  Berezovsky et al (Science 314, p.1916, 2006) have developed a means of nondestructively obtaining information about a superposition state on a quantum dot via the Kerr effect.  Their work builds on earlier work, such as that of Julsgaard et al (Nature 413, p.400, 2001), which described an optically mediated spin-spin entanglement measurement technique.

If one can obtain information about a quantum particle’s superposition state, such as relative amplitudes, then, if the particle is entangled, one automatically has information about its partner in real time - no matter the physical distance between them. Further, since the ratio of amplitudes of superposed states is nondestructively adjustable, one might be able to use the property for coding. These developments provide the basis for suggesting that FTLC may be a Kaku Class I impossibility.
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IV. Concerning SETI: A new search method with two variants.

     The search for extra-terrestrial intelligence (SETI) is currently being pursued by scans of “the heavens” at optical and radio wavelengths.  The rationale for doing so is that, even though we may not have the means for intercepting an ATC’s usual communications, they may choose to   beam messages that early technologies can intercept.  

     In conclusion, I suggest two addition methods of  search which do not depend on the desire of an ATC to reach out to more primitive civilizations.
     M. Kaku discusses Kardashev advanced civilization classifications.  The Kardashev Type I civilization can use all of the energy incident to its disc from its star.   The result of such a technology, even if it didn’t capture “all” incident radiation, would be to greatly lower the planet’s albedo and increase its infra-red signature.  Thus, should we find a planet in a star’s CHZ and with unusually low albedo and relatively large infra-red signature, that would be a candidate ATC planet. 
     I also suggest, a propos of the Kardashev Type II civilization, that we look for main sequence stars with unusually high absolute visual magnitude (MV, recall that the higher the MV value, the dimmer the star) for the star’s spectral type.  The Type II civilization is able to use a large fraction of its star’s total radiant output.  Thus, we would observe significantly less visible light from such a civilization’s star than the average.  

     The Gliese catalog of stars has a possible example: Gl 49 is a K5 V star with an MV of 9.70, which is 4.5 standard deviations above the average for this type of star (probability of occurrence is ~3.46E-6). If Gl 49 were found to emit unusually large amounts of IR for a K5 V star, it would then merit serious attempts to look for an Earth-sized planet orbiting in its CHZ. 

