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ABSTRACT

SETI from an ETI perspective is a speech that discusses SETI from the point of view of someone trying to send messages to other worlds. As such, it changes the earth centered view of SETI (ie this is what we can listen to, therefore that’s what they are sending) to a view that is from the ETI’s perspective. Why would we send? What would we send? On what frequency would we send? What kind of signal? What kind of synchronization would be needed? The paper provides an equation which fulfills data on detailed frequencies, sync systems, modulation methods and probabilities as would be used by an advanced civilization. Data is also presented on stellar systems, planetary probabilities and habitable worlds. Similar to the way radio has matured from a spark-only radio to medium wave to FM, microwave and millimeter waves on our planet,  I try to extrapolate to the future in all the fields presented. The paper ends by asking groups to be created to further analyze the provided data. 

Ladies and Gentlemen,

It is a pleasure, indeed an honor, to present this paper in front of you on a subject which has been close to my heart for most of my 43 year life. Lets face it, who hasn’t thought of ETI contacts? Hasn’t been awed and excited at the idea that there maybe someone out there trying to say hello to us, a small insignificant planet called Earth.

Successful SETI, (which means Search for Extra Terrestrial Intelligence) is in my view, an important step towards understanding our place in the Cosmos. It would be needless to state the importance of finding such a signal. Papers and posters have been presented here and in journals outlying the many possibilities. The Seti institute has already proposed a charter on ETI contact. Sociological implications have also been researched and a recent article by Seth Shostak from the Seti Institute plans appropriate strategy. Cultural diffusion by Austin Mardon from Canada, Consilience through SETI described by Ben Finney from the University of Hawaii and Perspectives for a SETI program by Vladimir Kompanichenko round up many articles on SETI. 

First of all, let me clear this point up front: in case you are wondering, No, I am not an extra-terrestrial. What I am doing is using parallel logic to put myself in the shoes of an ETI entity, so to speak. You may ask how come I am doing this? What gives me the permission to become some entity no one in the room is familiar with! Well, I am just trying to show, that when it comes to SETI we have to become ETIs in order to understand how they may be trying to contact us, where, what and when. 

We have to assume that we are trying to contact simple civilizations and try to talk to them. It’s like going to a jungle, transmitting some sounds and trying to communicate with people that we know nothing about. In fact, SETI is immensely more difficult than that. 

How will I do this? Well, I take our knowledge, expand it, twist it, adjust it and manage it to come up with an exciting new way of looking at what an ETI could be sending and suggest ways of how SETI should be listening. In so doing, I will be presenting a formula, a sort of a guide to what I call SETI success. I will be describing frequencies for SETI, modulation methods, the timing, ETI sociology and solar and planetary facts hoping to pinpoint future SETI endeavors. Because this equation involves many various and different fields, I suggests that if you find this speech interesting and captivating, then we all work together trying to come up with consensus solutions to its many questions.

But before this presentation, it is very important to realize one thing: Why would an ETI be transmitting? 

As a civilization matures, its technological know-how increases to the point where active contact may be undertaken with other worlds. More advanced, or equally advanced worlds. An advanced ETI knows about the changes that will take place in its world, if successful SETI had taken place when it was an adolescent civilization. Think about what would happen on planet Earth if confirmed contact takes place. Our world would change for ever. No, I don’t think they would be contacting us. They would surely try to contact advanced worlds.  

An advanced SETI realizes that and knows that when it comes to ETI contact, it might as well be called an Advanced ETI contact, because we can safely assume that advanced ETIs are not bothered by contacts. Thus bear in mind that ETI transmissions are aimed for advanced worlds and not for us. SETI, in my view is capturing incidental transmission aimed at someone else. But that is my opinion,

So off we go……

My world, is, like your planet Earth, carbon based-life, oxygen consuming, water drinking. 

Our planet’s age is about 4.6 billion years, as good as we can calculate it. We have a recorded history of about 25,000 years, of which the final 5,000 are technological ones. 

Because of our specific 5 planet solar system, and the fact that our planet is about 92% of earth’s size, we are smaller, more fragile and easier to move about. We started interplanetary travel soon enough as it was easier for us to get to orbit. We also launched many satellites. We have our own HST, although ours is called, you would call it, “Galaxy 1.” We also launched a second space telescope called Galaxy 2 around a nearby planet. I can’t believe that you haven’t done the same and launched a second Hubble around, say, Mars. Did you know that if you had done that, you would have resolution of about 960 kilometers (I think that they are called) at the distance of about 5.7 parsecs through interferometry? You would have been able to see us before we saw you? Yes I know there are technical hurdles, but these are certainly simpler than interstellar travel. Oh well….

One of the first things we discovered when we got here was a book. It was called “Hitch Hiker’s Guide to the Galaxy.”  A very humorous book it was. And the beginning is great. It says…

“Space is big. Really big. You just wont believe how vastly hugely mindboggingly big it is.” 

This book is right. Space is big. Neither we, nor yourselves have the time in your hands to look in the whole sky just to pick up a signal in the off chance that someone is sending it at that particular time, at a particular frequency. The chances of that happening are less than 1 to 2.6 to the power of 20.  That’s like saying that the chance of picking up a signal in an all sky survey is like trying to catch a baseball thrown from Mars towards any direction on the off chance it will land in front of you!  And let’s not forget that you only have a couple of billion years before Earth dries up and becomes unlivable. So it is important to do the search right. At the right time. On the appropriate frequency. 

To do, this I have found another item on this planet of great use: the Drake equation. This  is an important first step. In fact, the first three terms are the same as our equation which we developed when dealing with SETI. We call our equation: the Galactic Intelligence Factor, or GIF.

The terms of GIF:

Fs

Fs describes the type of star that we are after. Our home star is G3V, and we should be looking at G something V-type stars as well. Thus G2V, G4V, G5V, G6V and G8V are all acceptable solar types to search. We all know that as the age increases, the temperature of the star decreases therefore changing the value of the appropriate distance to habitable planets, as we shall see later. A G8V star is older, a G2V star is younger, therefore anything in between should be good candidate stars for planetary systems of ETIs. I believe your sun is G2V, a little younger than ours.  That’s why I am doing this speech to you and not vice-versa.

In your so called “Gliese catalog of stars,” there are 368 candidate stars within about 100 parsecs. In your Hipparcos catalog, a much better one than Gliese, there are more than 12900 stars of the G class. 

By contrast our star catalog, called Stars in our galaxy or STIG, contains more than 52 million entries. We do know our galaxy, I would say, inside out and, a little better than you know yours. 

Some of the stars in the Hipparcos data are binaries and some are unusual stars. In order to keep the good star success rate high, these have to be removed. No, don’t worry, we did the same thing with our catalogs. This leaves 124 stars in the Gliese catalog and 12613 in Hipparcos. These are our target stars. It is around these stars that we hope to find planetary systems. It is around these stars that we shall find habitable planets. With Oxygen, water, and carbon life. Like my own planet. Like your earth. 

At this point you, just like we did, are making the first intelligent assumption; that there is intelligent near our sun on some planet circling a G class star. Thus Fs is  12613 stars. Not bad. Eh?

The next term in GIF is Planetary systems, that is Fp.

Fp

GIF describes this term as the fraction of solar systems that have planets. I have noticed that researchers such as Butler, Marcy, Mayor, Quelloz, and others both at Lick Observatory, Geneva observatory and elsewhere have discovered planets out there. By the droves. This is good. Because as far as we can tell, there are plenty of planets in the galaxy. 

In fact, based on these gentlemen’s work, the success rate of planet searches against target suns is high. Thus we can extrapolate that from the Hipparcos catalog, most of the G class stars have planets, which means that there are at least 12613 planets, assuming one planet per solar system, an unreal number as just about most solar systems have multiple planets, such as the one described recently in the Astrophysical journal by Butler, Marcy et al, which stated that there is a multiple planet solar system in Upsilon Andromedae. 

Thus we can safely assume that there are at least 12613 planets that we can examine.  Because the work to discover additional planets is based on doppler measurements done over time, more planets will be discovered as more data is examined. As I said earlier, a second HST around your planet Mars will enable direct planetary searches. So  Fp is about 12613 while Fp for G2 class stars is 564 stars.

Since now we have the values of possible planetary systems  within the original Hipparcos database for G2 class, we must try and determine the planets that could be in habitable zones. This is the value Ne.

Ne

Ne is the Number of planets found in habitable zones, which of course depends on parent stellar types. Such a zone allows a planet to have an Oxygen atmosphere, heat and water which means that there is some sort of life. These zones are 1 AU for G2V (just like for your Earth), 0.966AU for G3V (like our planet), 0.933AU for G4V and 0.85AU for G8V star. You all know that most planets found so far, are very close to parent stars with some exceptions. This removes them from the allowable value for Ne. Moreover, you can also stipulate that there is a finite number of planets in habitable zones. Lets stipulate for G2 class stars. In the case of your solar system, which is your baseline, this is 1 in 8 (Pluto is excluded here), thus about 12% of all planets are habitable which is 67 planets. Let’s put it a different way. Assuming that there is 1 planet per solar system worst case, then there must be one habitable planet every nine stars. If there are 4.5 planets for every star, then there must be 1 habitable planet every two stars. Thus from the 564 planets, at maximum 67 are habitable. That’s may sound large, but in this big space, it is small. Very small. 

That’s not all however. In planetary systems that are supposed to harbor planets, there is always a major planet found further out from habitable zones. This planet seems to help ensure right conditions exist for life creation by gravitationally pulling comets and stragglers out of the habitable planet’s orbit. If such a gravitational attraction did not exist, most of these planets, including yours, would be sterile by now.  Although based on the data available in this solar system, one can say that every solar system has a larger planet to offer such gravitational attraction, it is not always the case. In addition, your moon may also play a major role as a meteorite attractor. All this means that the odds now go down from 67 planets to about 7 planets in habitable zones. 

GIF is now as follows: 

GIF=Fs(G)Fp(12564)Ne(564/8 G2)
Now, what is interesting for you, is that we know you are here. Using our simple interferometer described earlier, we knew of this planet quite some time ago. Look at yourselves. By the year 2025 you would have send probes to the solar system and have a rather complete picture of it. Well by the same token, we, having the benefit of 6000 years of technological existence instead of your 300, have explored our solar system completely, already use our natural satellites for mining purposes and have already sent robot probes around the galaxy. 

And, yes, we did try to contact you many times, but no-one was listening. 

Why? Well, here are the reasons, which make up the rest of the GIF equation.

Ff

This is the frequency of operation of the signal.

Well, similar to you, in the beginning of our planet’s radio era, radio was at very low frequencies. Like you, we established the frequency around 1 MHz as the base (all out history is based on 10 and multiples thereof – well, we do have ten fingers). We also used thermionic emission tubes until what you call transistors became commonplace.  The years passed, components became available and slowly, frequencies increased. From the base of around 1MHz, we moved to 50MHz, and then to 100MHz, and then 200MHz, on to 500MHz and so on. We realized that using doubling frequencies would keep harmonics out of harm’s reach. I suppose this is similar to your AM radio frequencies, followed by FM radio and TV. We then moved to 1GHz, then 2GHz, getting to 10GHz for images from space, what you call satellite TV. Over the past 1000 years we have been stuck at around 800GHz which for us is a unique band of frequencies: It is as good as it gets. Like a wheel, it is a perfect zone; above that is infrared (and it makes a mess with remote controls!!) and below is useless old style lower, less efficient frequencies. As we are a water based lifeform (like yourselfs) we realized earlier on that using the water frequencies would be the way to signal you. You on the other hand were listening at 1420MHz, a frequency which we haven’t used for more than 2000 years. A hydrogen based frequency. Are you Hydrogen based? Why did you not used the water frequency? We are all water based, did you not realize that? 

We don’t have equipment for 1420MHz anymore (ok, there may be some in Museums). So we never send anything at this frequency, which is why you never heard us. 

We beamed signals to you at 464924.5GHz, 255050.26GHz, 380197.372GHz, 797487.016GHz, 552020.96GHz or even 944851.92GHz, all water frequencies and we now see that no-one listened. We use these frequencies because observations at the so called “Orion Nebula” indicate that these are the strongest, therefore identifying themselves as ideal for the job.

After I got here, I saw what was happening. Everyone trying to listen to 1420MHz. From professional observers, to amateur radio astronomers, everyone got stuck on 1420MHz. This is really sad, because we really don’t have equipment available for this frequency and we, being slightly more advanced than yourselves wouldn’t have thought of using the Hydrogen frequency. Again we are water based, so we used water frequencies.

As we moved on and became even more technological than before, we advanced. And for us, this means adapting and moving on. Like your steam trains, which no longer operate, like Amplitude Modulation transmitters that you can’t even buy anymore, like old style mobile wireless phones that have been replaced by cellular, how can you expect us to transmit at such low and useless frequencies?

Articles written recently, such as the one by Paul Steffes from Georgia Tech discuss operation of SETI on Millimeter waves, but not many of you were not reading that day. A real pity.

The frequencies I described earlier can be used wherever humidity is low. For us that is no problem because our instruments are space-born. For you, it means installation on top of high mountains, in arid areas. I think there are about 8 or 9 such tools on this planet such as the NRAO 12 meter in Arizona, the SMTP/Heinrich-Hertz also in Arizona, the CFMT and UKIRT in Hawaii, the Caltech Sub-micro telescope and some others. That’s what you should use for SETI.

Ft

This is the time to listen to. 

There is just no way that we would point our large, space-based radio telescope whichever way we felt like it!  If we did, we have a probability of success to 1 to 2.620.  That’s wasteful and we would never do it. The only intelligent way (and you are looking for intelligent lifeforms, right?) is to synchronize the transmission.

We sent signals, but we tried to synchronize them with a natural event. This way another civilization would try to sync to us using the same event. If this event was repeatable and powerful, and easily identified, it would be easy enough to plan and design appropriate reception techniques, or so we thought. Alas we know now it was not the case. Here on earth astronomers have been trying to listen to various stars at various times. In vain. Just imagine if YOU were trying to contact someone. Do you think the entire galaxy would be listening to you? Just like that? At the off chance someone transmits? We don’t think so. 

Robin Corbet, of Nasa Goddard Space center, wrote an article in the Journal of the Astronomical society of the Pacific where he describes Gamma Ray bursts used as direction and time markers in SETI strategies. This is a step in the right direction and the one we have used in the past. We also use another type of radio object that is a lighthouse in the sky, a PULSAR. Their beams rate info, and spacial position have to be taken into account for the source star’s position in order to be useful, but their repeatability may be a useful signal from which to recover the actual data. We signaled using the strongest quasar in the sky, relative to us, beaming towards you, but again no-one was listening.

Ft is important and necessary. Without Ft  it would be like trying to unlock a door with a million different keys looking for the right one, only to find out that it is a timed lock! Now who wants to do that?

Fm

Ft is one important reason; Ff another one, but Fm is also paramount. 

The Modulation parameter is yet another area where your SETI programs fail to correctly identify. So far on, you have been looking for beacons. Listening on 1420MHz you seem to search for incredibly narrow beacons. Why? Why would we transmit a beacon that only says we exist! We have always realized that such a discovery will turn your planet on its heels (so to speak) and we would never do it. Similarly to the signal you transmitted to M13 a few years ago, we also would rather send useful information. If you don’t transmit beacons, why should we?

But let’s take a step back in time. When we developed radio (and I am sorry about lack of details but this is again very ancient history) we started with something like your Spark radio. A spark sent was a yes signal, an absence of a spark was no. Or a long spark was one thing and a short spark another. From this we moved on to modulating radios similar to your AM. We then figured out that FM was even better and then we quickly moved on to Digital modes. Today our world is completely digital, wireless in every possible way and communications enables us to link to the farthest reaches of our planet just as easy as calling our next door neighbor.

Over the thousands of years that have passed, all this history is just that, history; no-one today can create AM modulation or would know how to do it. And neither we can do FM. Today, to modulate, you get devices that are complete hermetically sealed digital transmitters. These 3D circuits have input and outputs and most of us don’t even know how they work. But they do, they are energy efficient and have excellent performance. 

As a technologically advanced society, we couldn’t send narrow bandwidth carriers to you. We just don’t have the equipment any more than you have AM transmitters. We wouldn’t even think about sending just a carrier; what a waste that would be!!!  

We are not, and no other ETI would, send you a simple narrow band carrier just telling you we exist. After these 6000 years of technological development we have found the most efficient modulation mode that exists is not a carrier that’s says nothing. We have modulated our transmissions with useful information. 

We use what you call spread spectrum (known as SS). We have found that this is the most noise independent, most efficient, best way to send data from one place to another.  By using either TDMA (Time division Multiple Access) or CDMA (Carrier Division Multiple Access) we can ensure signal availability at much lower signal to noise ratio. 

SS has advantages, like, it resists intentional and non-intentional interference, has the ability to eliminate or alleviate the effect of multi-path interference, it can share the same frequency band (overlay) with other users, and offers privacy due to the pseudo random code sequence (code division multiplexing). 

The bandwidth of an SS signal is wide, not narrow. Thus you should be looking for wide signals, just above noise, looking like hills, not incredibly thin peaks. If you had done that, you would have found us by now!

You, as a less advanced society than ours, are supposed to consider such facts. You are looking for more advanced ETI’s, yet you use tools invented for your use in your timeframe. You seem to think that whatever you do, everyone else should do as well. But think about this: Do you try to do what less modern cultures do, or do you try and get them to adapt to your society? The lesser follows the advanced one, and so it should, isn’t it? This is in fact progress. Your SETI programs should follow what an advanced civilization may be sending, not what you would like to receive.  As you are looking for an advanced civilization, you should realize that communication systems would also be advanced.

Our SETI contact modes are advanced modulation systems in the SS system driven by, something like what you call a Quadrature Overlapped Raised-Cosine Modulator, using GHz frequencies in the water band, synchronizing using Pulsars as natural sync markers. We normally send digital binary data, at a rate proportional to the frequency we use. Thus the bandwidth is normally wider for higher frequencies and narrower for the lower frequencies. An advanced ETI, the sort of target we are after, would be able to decode this easily.

Thus, when you add Fm to Ft and Ff you have the tools to look for successful ETIs. You have ample sensitivity with your radio telescopes to examine stars up to 1300 parsecs, and when using SS, you can even look at signals buried in 18db of noise! This means that you can extend the distance to more than 10000 parsecs and still recover signals. If you know where to look and when to look.

Thus the equation now becomes:

GIF=Fs(G) Fp(12564) Ne(67 G2) Ff(H2O) Ft(quasar) Fm(SS)
To wrap up, this is the step by step way we would expect you to listen to us:

· Fulfill the first three GIF terms;

· Listen in on the Water frequencies at the various identified targets, the G2 stars;

· See the signal from the noise;

· Synchronize for the next data packet on the strongest pulsar in the sky;

· Decode the data we send you.

So, this is what I consider the best way to proceed to a successful SETI program. You follow this formula and then I am sure you will have success. There are ETIs out there. Although not as many as you think. We think there must be at least as many as stated earlier. I feel it and so many of you here. All we have to do is tune the radio dial to the right frequency, at the right time of day in the right place, and listen in to what the universe is telling us.

Many of the terms presented need additional discussion. I welcome interaction from you, the audience, in order to fine tune the ideas presented.

Thank you.

Peter Vekinis

Student University of Oregon

http://vekinis.org.lu
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