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Developments that suggest the universe is full of life make the Fermi paradox increasingly pressing, but our search for an extraterrestrial technological civilization (“ETC”) is handicapped by our ignorance of its probable nature and behavior. This paper offers a way around this problem by drawing on information theoretical concepts, including game theory and Bayesian probability. It argues that, whatever its ultimate goals, an ETC would have the same instrumental goals as other intelligent agents. Generically, these are self-preservation and the acquisition of resources. For an advanced ETC, these generic goals imply the objectives of removing existential threats and acquiring strategic and non-strategic information. Since the most problematic existential threats for any ETC would be from other civilizations and planets hosting such civilizations would also be copious sources of information, these objectives would lead it to gather information from these locations and to protect itself against them. This dual-goals hypothesis resolves the Fermi paradox, redirects the search for extraterrestrial intelligence and makes testable predictions regarding ETC’s behavior on Earth if it is here.     
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1. Introduction – The Fermi Paradox 
The universe is vast and various.  Recent discoveries suggest it is full of life. On average, 0.18 Earth-sized planets orbit in the habitable zone of each F, G and K class star in our galaxy [1]; many of these possess surface water [2] and some may be more habitable than Earth [3]. It seems increasingly likely that life originates widely [4-7]. Fitness landscapes are highly navigable [8], the trend of biological evolution is toward greater complexity [9-10] and life seems capable of shaping its environment to suit its needs [11-12]. The claim that complex life requires rare conditions seems increasingly improbable [13-14]. Complex brains and intelligence seem to be a convergent trait [15], and language, the only uniquely human capacity, evolved like other traits [16-17]. The discovery of massive ancient galaxies [18] lengthens the time available for the evolution of complexity and – because galaxies were closer together in the earlier universe – may increase the likelihood of life’s intergalactic spread. In this context, the failure of the search for extraterrestrial intelligence (“SETI”) to show positive results has made Fermi’s question – “Where is everybody?” – increasingly pressing [19]. 
Cabrol’s [20, p. 667] observation that, “to find aliens, we must … understand the many ways they could manifest themselves in their environment and communicate their presence” describes an obstacle to this search: An extraterrestrial technological civilization (“ETC”) may be a society of life forms unlike those on Earth [21-22], a synthetic, post-biological system [23], or a symbiotic combination. Whatever it is, an ETC would be the “strangest stranger” we will ever encounter [24]. For Cabrol [20, p. 665], this follows from the “principle of the coevolution of life and environment.” The interaction between life and its planetary environment will “dictate the uniqueness of each planetary experiment … and will do so not only when (or if) life reaches the stage of technological advancement. It will start from the very first moment, as it did on Earth.”  Yet, how are we to find ETC unless we know what to look for?  Relying on naïve expectations and Earthbound analogies to guide our search is likely to lead us astray. This paper therefore proposes an information theoretical basis for predicting ETC’s goals, and through them its likely pattern of behavior, even absent any knowledge of its intrinsic nature. Since the proposal is that ETC, like other intelligent agents, would pursue two instrumental goals, it can be called the dual-goals hypothesis.  On this hypothesis, ETC would neither transmit a persistent “lighthouse” signal nor engage in widespread colonization, resolving the paradox.  This paper begins by defining the features and motives likely to describe any ETC. From these, it turns to its likely capabilities, the objectives its motives and these imply, and its likely behavior. 
2. Features and motives
The following features and motives seem likely to belong to an ETC, regardless of its specific nature.  
● It would be a technologically capable physical reality originating from off Earth but existing within our spacetime. This parsimonious assumption excludes merely metaphysical possibilities and restricts our search to entities of a type we know to exist.  
● It would be a teleonomic agent. It would act with apparent purpose upon and in its environment. Humans and animals are teleonomic agents; so are corporations and governments. So would be an artificial general intelligence (“AGI”). The claim that ETCs are agents does not imply the absence of divisions or disputes within them [25]; it only means an ETC can respond to its environment as an entity. 
● It would be capable of higher-order cognition. “Cognition can be defined as the activity, acquisition, organization and usage of knowledge inherent in every living organism” [24, p. 701]. Higher-order cognition is cognition that operates effectively in a wide range of environments and situations. Without defining intelligence, we can define an intelligent agent as a teleonomic agent that uses higher-order cognition to regulate its behavior and shape its environment. An ETC would be an intelligent agent in this sense. Because humans are intelligent agents, we can appeal to human behavior as a check on the plausibility of our conclusions, but not as the basis for them. 
● The technology of a modal ETC would be markedly in advance of our own [26]. Our galaxy is over 13 billion years old and its currently potentially habitable planets have a median age ~2 billion years greater than Earth’s. Given our extreme youth, as a planet and a scientific civilization, there are vastly more chances for this claim to be true than for it to be false. Hereafter, “ETC” should be read to mean a technologically advanced ETC.   
● Any ETC would have explicit or implicit ultimate goals, ends-in-themselves that are intrinsically valuable to it. We can know nothing of these. We can, however, know this: Whatever its ultimate goals, it would also have instrumental goals: goals that are valuable to it because their achievement is essential to the achievement of its ultimate goals [27-28].
●Regardless of its ultimate goals, an intelligent agent would possess two convergent instrumental goals: self-preservation and the amassing of resources [27-29]. Bostrom offers the example of a computer programmed to produce paper clips, a seemingly harmless ultimate goal that could lead it to resist being turned off (for then there would be fewer paperclips) and also to amass control over as much of the world’s matter as possible, with the aim of turning it all into paperclips. The notion that any agent would act to ensure its continued existence seems self-evident, while human and non-human animals seek to amass resources whenever the foreseen benefit outweighs the probable cost [30].
● Since intelligent agents will converge on the instrumental goals of self-preservation and the amassing of resources and ETC is presumed to be an intelligent agent, it would have these goals. These are generic goals whose specific meaning will depend on the agent’s capabilities and situation. For humans (as an example), “resources” can include money, power, prestige, time and (as with all animals) semantic information.  Unless ETC’s ultimate goals expressly involve less advanced civilizations, they seem unlikely to affect us; we will, therefore, take these convergent instrumental goals to be ETC’s only goals for purposes of this analysis.   
3.   Capabilities      
An ETC’s technology would differ from ours. First, because it would know more science than we do; second, because its technology will reflect the contingencies of its history and its resultant way of thinking [20, 31]. Compare the Polynesian outrigger to the Viking longship or the Chinese to the European wheelbarrow. The complex technologies developed by isolated, technological civilizations should differ more widely than these simple technologies, for there are more degrees of freedom in the design of complex technologies than simpler ones. These differences make imagining ETC’s technological capabilities difficult. Yet, if we can’t do that, how can we make its goals more specific? A group of hunter-gatherers and a spacefaring civilization would both seek to secure their survival and to acquire resources, but these generic goals would imply different behaviors for each. 
Rather than trying to describe technologies ETCs might have, we can describe constraints they would likely have overcome, basing the list on those that we may overcome in the not-too-distant future. Taking this approach, ETC would not be constrained by:  
· Its energy supply. Either nuclear fusion or solar power could in principle supply all of Earth’s energy needs for the indefinite future. In the longer term, antimatter may be a nearly limitless energy source [32]. It is often assumed that economic prosperity requires increasing energy consumption, but more efficient technologies are breaking that link [33-34]. There is no reason to think an ETC would require (or desire) the ever-increasing energy supplies the Kardashev scale implies, for miniaturization, lightweight materials, virtual reality and quantum computing would reduce its energy needs [35]. The apparent nonexistence of any Kardashev Type III civilization [36] supports this claim. 
· Aging and death. Humanity is gradually escaping these constraints. Removing them would mean that, except for sudden events that destroy vital organs, individuals could live as long as they wished, perhaps in purpose-built bodies [37]. A society with this capacity is likely to have a long planning horizon and a correspondingly low implicit discount rate. The discount rate we use to value future costs and benefits is grounded in our biological nature; it would be lower if we expected to live much longer than we do. The higher implicit discount rate used by older adults (with a shorter expected lifespan) than by all adults demonstrates this point [38]. In animals, there is a strong correlation between longer lifespans and lower rates of propagation [39], suggesting that ETC would have a stable population.[footnoteRef:1] More speculatively, Smart [40] suggests that an advanced ETC would locate near a black hole, slowing its proper time with respect to ours and dramatically lengthening its time horizon with respect to events outside the black hole region.    [1:  It is unlikely that a post-biological ETC would reproduce at all.  ] 

· Its home star. An ETC would be technologically capable of travel to other planets or locations in interstellar space, making colonization possible.[footnoteRef:2] Even intergalactic colonization would be feasible for a highly advanced civilization [41]. Minimally, it could pack information about itself into an escape vehicle, then use local material to construct a replica of itself at its destination. In at least this sense, it could escape the destruction of its home star. Left alone, an ETC could become very old indeed, perhaps by surviving multiple civilizational resets [42].  [2:  This does not mean an ETC would engage in widespread colonization. See section 7.2.] 

· Material resources. Advanced manufacturing techniques [43], other forms of high technology, low-cost energy and a stable population would reduce an ETC’s need for physical resources. It could likely satisfy that need by substitution of materials, recycling and mining around its home star [44-45]. It would therefore have little need for resources from other stars, which would be expensive to obtain and transport [45].  
· Limits on its observations. We continue to build more powerful space- and ground-based telescopes and have already launched interstellar probes; more rapid modes of interstellar travel are under study [47]. The size and energy cost of probes could be minimized by the use of nanotechnology and lightweight materials, two rapidly advancing technologies. An ETC could program small, super von Neumann probes to create new probes or other systems using materials found at or near their destination [48-50].[footnoteRef:3]   [3:  “Probe” refers to any uncrewed system that might be delivered to a location and operate effectively there. A von Neumann probe reproduces itself using local materials; a super von Neuman probe is capable of producing a range of useful probes and instrumentalities as well as reproducing itself. 
] 

· Openness to observation.  The Committee on SETI Nomenclature defines intelligence as “the quality of being able to deliberately engineer technology which might be observable using astronomical observation techniques” [24, p. 700]. It might as properly define it as the ability to engineer technology that benefits the designer but cannot be observed by others [see 51]. ETC would be capable of effective concealment both locally and at a planetary level [52].  
· Native powers of cognition. In 2020, 72 active projects were aimed at producing AGI [53]. Within a century or less, an AI system is likely to become “superintelligent” [27]: that is, to surpass its human creators in computing capacity and a broad range of cognitive capabilities [54]. “Superexponential” increases in computational efficiency [55] will vastly increase the quantity of information a civilization can process and the speed of computation. Superintelligent systems, whether still controlled by their builders or not, would be more cognitively capable – including being more capable of persuasion, deception and other sociolinguistic tasks – than the builders themselves, though bio-engineered brains might match them [37].  
This is not an inclusive list; ETC is likely to have other capabilities. These may include a capacity for faster-than-lightspeed (“FTL”) travel [56-57], though its physical possibility remains uncertain. 
In one important way, an ETC’s situation would resemble our own. Like us, it could never know what further scientific and technological progress in fields important to its survival might be possible or what forms it might take. This claim is grounded on the historical unpredictability of scientific and technological discovery; including the observation that “the larger and more important the discoveries, the less predictable they would have been” [58, p. 74]. Natural languages are potentially infinite because there is no end of ways a sentence can be constructed; the range of technologies a given understanding of physics can possibly support seems limitless for the same reason.  An ETC’s belief that it has the “final theory” of physics could never be held with certainty, for any such belief would be an empirical scientific claim.   
4.   Dual Objectives     
For an ETC with the characteristics described in section 2, armed with the capabilities described in section 3, the dual goals of self-preservation and amassing resources would imply the more specific objectives described in this section. Together, its capabilities and these objectives frame the dual-goals hypothesis.    
4.1. Existential Risk 
Philosopher Derek Parfit [59, pp. 453-454] offers this thought experiment: 
Compare three outcomes: 
1. Peace. 
2. A nuclear war that kills 99 per cent of the world’s existing population. 
3. A nuclear war that kills 100 per cent. 
2 would be worse than 1 and 3 would be worse than 2. … [But] I believe that the difference between 2 and 3 is very much greater. The Earth will remain habitable for at least another billion years. Civilization began only a few thousand years ago. If we do not destroy mankind, these few thousand years may be only a tiny fraction of the whole of civilized human history. The difference between 2 and 3 may thus be the difference between this tiny fraction and all of the rest of this history. 
A threat that could destroy 100% of the population with no hope of recovery is an existential threat. “What makes existential catastrophes especially bad is … that they would destroy the future” [60, p. 17]. 
Until recently, there was little we could do to protect against extrinsically caused existential threats; however, that is changing. Our discovery of a meteor’s role in the extinction of the dinosaurs has led us to develop an effective defense against that threat [61]. Despite a planet-killing event’s low probability, this is money well spent. Bostrom and Ćirković [60, pp. 18-19] calculate “the expected value of reducing existential risk by a mere one millionth of one percentage point [to be] at least a hundred times the value of a million human lives.” This assumes that Earth will remain habitable for just a billion years; to an ETC capable of outlasting its home star, an existential risk would have much greater disvalue.   
An advanced ETC would know more about possible threats to its existence, be more attuned to their disvalue, and be better equipped to avoid or remove them than we are. Some threats would have a natural source, but other advanced societies could also pose existential threats. On Earth, the active SETI debate revolves around that potential. 
Science fiction writer Liu Cixin [62, p. 484] describes how the perception of risks from other societies could affect ETC behavior: 
The universe is a dark forest. Every civilization is an armed hunter stalking through the trees like a ghost, gently pushing aside branches that block the path and trying to tread without sound…. The hunter has to be careful because everywhere in the forest are stealthy hunters like him. If he finds another life — another hunter, angel, or a demon, a delicate infant to tottering old man, a fairy or demigod — there’s only one thing he can do: open fire and eliminate them.
This is a plausible scenario. Even large distances between ETCs are unlikely to preclude eventual contact between extremely long-lived civilizations. Nor would the projected time to contact necessarily affect its significance to an ETC. For a sufficiently long-lived society, a risk expected to arise 1,000,000 years in the future might be evaluated much as we would evaluate one expected to arise 100 years in the future.  
The history of military technology suggests that weapons will only become more effective, stealthy and deadly. Empathy evolves in the context of relations with conspecifics [63], and is unlikely to extend to wholly unrelated organisms. Tit-for-tat, a strategy that often leads to cooperation among competitors, breaks down when actors cannot know what the actions or statements of their adversaries mean; in that case, “a single mistake about the intentions of the adversary can lead to retaliation and start an endless string of counterstrikes” [64, p. 1075]. Tit-for-tat, like other strategies that build cooperation among competitors, also depends on the possibility of repeated communication, but that would likely result in disclosure of ETC’s location, the very piece of information it would be most loath to disclose.  An advanced ETC would know all this, and would likely choose to act rather than be acted upon.  
To start with, it would adopt a policy of stealth. In a “dark forest” scenario, providing any information about oneself to another civilization, would always be a mistake, even if you have a technological advantage. Human technology, Liu writes [62, p. 483],
developed over the course of three hundred years. On the scale of the universe, that’s not development. It’s an explosion! … And it might be that my knowledge of your existence and the information I received from our communication was the perfect spark to set off [another] explosion. This means that even though I’m just a newborn or growing civilization I’m still a big danger to you. 
AGI dramatically increases this danger by increasing the tempo of a society’s technological development. As Kurzweil [65, p. 97] explains, “once the ‘knee of the curve’ is achieved and the exponential growth explodes, the linear models break down.” Imagine an ETC 100 light years from Earth picking up signals emitted in the 2020’s. How could it know we were not already a threat at the time of their reception? Or that we might not become one during the time it would take to respond? From our perspective, this may seem unlikely, but an ETC may not be so sanguine. 
The threat might be indirect. Since there is no ceiling on technological advancement, no ETC, however advanced, could ever be completely sure some equally or more advanced ETC was not within striking range of it. The ongoing possibility of entry into our galaxy from elsewhere [41] makes certainty on this point impossible. A less advanced society that learned of ETC’s existence and location might broadcast that information, thereby alerting this more potent foe. The less advanced society might do this accidentally or intentionally, in the latter case using a broadcast message as a weapon [62]. But even a wholly innocent broadcast could create an existential risk. 
Analyzing Liu’s “dark forest” scenario using game theory, Yasser [66] concludes, “[I]t’s Pareto Optimal and even Nash Equilibrium to destroy any civilizations, those one knows of, and not share existence information out of fear of being demolished by a more potent civilization – or even a weaker one at a future turn of the game.” The claim that an ETC would respond decisively to any potentially existential threat comports with statements by those responsible for national security. In 2001, Vice President Dick Cheney warned, “If there's a 1% chance that Pakistani scientists are helping al-Qaeda build or develop a nuclear weapon, we have to treat it as a certainty in terms of our response” [67]. Thus, the dark forest scenario transforms the general goal of self-preservation into an objective of destroying potentially dangerous competitors.  
In doing so, it or something close to it (e.g., the dual-goals hypothesis outlined here) resolves the Fermi paradox [68]. The main objection to other sociological solutions to the paradox is that they must be quasi-universal to be effective [69]. But if just one ETC in our galaxy came to believe in the dark forest scenario, others would inhabit a dark forest whether they believed or not. 
4.2.  Amassing Information
For us, the term “resources” connotes material resources. But because the cost of transporting meaningful quantities of resources or products from another star system would exceed the cost of producing or manufacturing them at home [43-45] a demand for material resources is unlikely to motivate ETC’s involvement with other star systems. Rather than material resources, semantic information would be the resource it would wish to extract from interstellar sources [46]. Because information can be highly compressed, the energy and material cost of transporting or communicating it across interstellar distances would be small.     
The acquisition and processing of semantic information (hereafter “information”) is an essential life process [22, 70]. The value of social information – information derived from the experience of others – likely drove the evolution of human language [16], and the quantity/diversity of social information a society requires increases with its technological sophistication. Contemporary civilization values information provided by scientists, programmers, reporters, historians, doctors, engineers, chefs and many others. Many major companies have value only because of the information they obtain and distribute. Countries expend huge resources to obtain strategic information about possible enemies (see section 5.1). Information alerts us to risks.  
But we value semantic information even when it has no immediate use. Curiosity, a “demand for information that has no instrumental benefit,” looks to be “indispensable” to any complex system that needs to survive a real-world environment [71, p. 48]. Novel discoveries and inventions have sparked unexpected advances, often in unrelated fields [72]. Curiosity is so deeply embedded in our nature that we may regard its satisfaction as an ultimate value, but it is instrumental and convergent in this sense. A desire for novel experience is a form of curiosity that many animals share [73]. As these considerations appear to be universal, we should expect an ETC to seek out information of all sorts. More complex life forms embody more semantic information than simpler forms, and technological civilizations are likely to embody vast amounts of it [74].   
5.  A Dual-Goals Account of ETC Behavior 
One way to reason from an ETC’s capabilities and objectives to its probable behavior is to imagine its equivalent of SETI – its search for extraplanetary intelligence [25] – being led by two groups. Defenders would be primarily interested in its survival; Explorers would acknowledge the crucial importance of survival but would mainly be interested in obtaining information, both for instrumental reasons and to satisfy their wide-ranging curiosity. Defenders would veto any suggestion that the ETC should send the sort of intentional signal SETI practitioners hope to receive. To the contrary, they would insist that ETC should conceal itself to the greatest extent possible. But the groups would agree to gather strategic and non-strategic information by passive and covert means. 
Information is strategic if it can be used to shape or support the competitive strategy or aims of an entity, especially as against the source of the information [75]. All other forms of information, useful or not, are non-strategic. Passive information gathering, for example by astronomical instruments, emits no traceable signal; it is, therefore, the safest means of information gathering. Covert information gathering by probes or similar means entails a risk of discovery but information asymmetry [76] would be maintained if discovery of a probe would yield little or no strategic information. Because disclosure of ETC’s home location would create the greatest risk, it would guard that secret closely, while seeking out other civilizations. 
5.1.  Strategic Information Gathering  
The purpose of strategic information gathering is to gain a decision advantage in a possible or ongoing contest [77-78]. Sun Tzu [79, p. 57] summarized the objective as “foreknowledge.” An intelligence professional explains, “[I]nformation creates the opportunity for our side to act before events limit our choices” [80]. 
Secrecy is essential to achieving this goal. In even the simplest games (e.g., rock, paper, scissors), knowledge of your opponent’s next move has value only if they do not know you know and cannot modify their strategy in the light of that knowledge [81]. If strategic information-gathering operations are discovered, they may be destroyed or (worse) subverted to the opponent’s ends [79]. Covert information-gathering for strategic purposes (espionage) has therefore been ubiquitous in human history, arising many times independently.  
The principles of espionage are not specific to humanity; they are grounded in game theory. It follows that an ETC would adhere to them. Even if it intended to destroy a target civilization imminently, it would spy before attacking. Otherwise, it might be unpleasantly surprised by what Donald Rumsfeld called “unknown unknowns.”  It would also spy if (for reasons discussed below) it did not intend an imminent attack. In that case, close monitoring would ensure the target did not become dangerous unexpectedly, either through rapid technological development or by allying itself with some stronger power. Large and powerful countries routinely spy on small, weak ones for reasons of this sort.  
These considerations suggest that ETC would engage in a large-scale search for pre-technological, and therefore potentially threatening, civilizations, and would covertly gather information from any it discovered. Super von Neumann probes that use resources found at their destination to create other specialized probes for surveillance, communication, weaponry, or other purposes would likely play the leading role in this effort. Probes situated near a target planet but concealing their presence – sometimes called “lurkers” – would have significant advantages over longer-distance observation [82-83]. Even a highly advanced ETC could not observe a target in detail at astronomical distances. Sophisticated probes could obtain physical samples, view features of the planet unavailable to astronomical observation, and tap communications. And because probes can multiply at no cost to the sending civilization, they would be highly economical. Finally, the time needed to react to threatening developments at the target could be greatly shortened by the maintenance of lurking probes, so long as they had authority to act. 
A disadvantage of stationing probes near a target is that they might disclose ETC’s existence. If Murphy’s law applies to ETCs – and why should it not? – lengthy observation could result in some probes being observed or even captured. However, a technological gap between ETC and its target would make reverse engineering difficult. A captured probe is unlikely to create a serious threat unless it discloses ETC’s home location.     
5.2.  Non-strategic information gathering 
To see why continuous surveillance of a target might be preferred to prompt destruction, the value of non-strategic information must be considered. For our purposes, scientific, commercial, cultural and many other forms of information are non-strategic regardless of how they are treated within the target’s economy. The question, then, is whether a target planet would typically possess or produce non-strategic information the discovering ETC would value. If it did, and if the ETC could extract it without divulging strategic information, that would be a reason not to destroy the target immediately. 
In accordance with Cabrol’s principle of the coevolution of life and environment, geology [84], biology, culture and technology will differ significantly from one planet to another. Thus, even a target far less advanced than the discovering ETC could almost always supply something new. Earth’s biosphere (for example) is a vast storehouse of information. Everything about it may be new to a wholly different form of life, or specific bits may have particular value. Just consider George de Mestral, who invented Velcro® after burdock seeds clung to his woolen socks and coat. On a planet without hooked seeds, an equivalent product might never be invented. 
On Earth, indigenous societies often possess forgotten, bypassed or undiscovered techniques and information unknown to societies with higher technologies [85-86].  On the principle of the coevolution of life and environment, this observation should hold with greater force among interstellar civilizations. The differences among planetary technologies may sometimes be fundamental. Imagine an ETC that employs purpose-grown biologics to perform many tasks performed on Earth by machines. A wide range of mechanical inventions might be new and useful to it. 
Practicality aside, the art, music, literature, and history of a target civilization may appeal for their novel experiential qualities. In these fields, there seems to be no hierarchy of more and less advanced societies, only differences that spark new ways of thinking when encountered [87]. A target civilization would also provide data an ETC could use to model the patterns of economic, political, and technological evolution that govern societies generally [see 85-86]. The resulting enhancement to ETC’s ability to predict the behavior and course of development of other target or predator civilizations could confer a strategic advantage. Finally, old societies are, as David Bohm [90, p. 22] notes, prone “to accumulate all sorts of misinformation,” information and opinions that are functional in certain ways but also limiting.  Often, he writes: “The society is blocked because misinformation is held rigidly.”  Nothing seems more likely to reduce rigidity than exposure to a wholly different view. 
We cannot know which products, features or technologies of one planet would be useful or interesting to another, but a planet large and varied enough to produce a target civilization would possess many candidates. An ETC would be incentivized to obtain any knowledge that might be of future benefit; anything left behind might be just the bit of information needed to address a future problem or even to defend its existence. Conquerors have taken goods and artifacts throughout human history; an ETC could achieve a similar result in a covert, non-destructive way. Everything of potential value could be reduced to its information content and sent to the ETC’s home planet. There ETC science could test its theories against this new set of facts, perhaps refining them in the process. 
We should not imagine the extraction of information from a target civilization as a “one and done” event. Any target is likely to be a long-lived “producing well” of valuable, stimulating or merely interesting knowledge. Jane Goodall’s 60-year study of chimpanzees was lengthy from a human perspective, but a two millennia study of a target planet might be very brief for an ETC. 
Even if a target posed no imminent threat, the extraction of non-strategic information would still proceed stealthily. If alerted to ETC’s presence, a target civilization might try to prevent the acquisition of its information, demand knowledge in return, or even attempt to locate ETC’s home. Disclosure could also affect the path of the target’s development, making its non-strategic information less unique and therefore less valuable [see 91-92]. 
This line of thinking resembles Ball’s [91] “zoo hypothesis” but avoids a major objection to it. That hypothesis presumes a diversity of extraterrestrial cultures, so it would take just one to breach the agreement of non-interference [93]. On the dual-goals hypothesis, only one advanced civilization would be active at the same time in the same region; if another were to supplant it, the motives and behavior of the new entity would, ex hypothesi, be the same as the old. 
5.3. One Possible Strategy  
Any attempt to describe ETC’s strategy in more detail than this must be undertaken with humility. We do not know what they know or how they think. We can, however, outline one possible strategy while acknowledging that others may appeal to them more. Much as NASA plans to deploy constellations of satellites in low Earth orbit to detect and deflect potentially dangerous astronomical objects [61], an ETC could deploy constellations of super von Neumann probes to detect potentially threatening developments. “First-order” probes could be stationed at or near astronomical bodies that would provide energy and resources but would host no interfering life forms. The diameter of our galaxy’s stellar disc is ~ 105 light years. Given an ETC near the galactic center [40, 94] with a capacity to scatter super von Neumann probes at an average speed (including regeneration time) of 0.01 c, the scattering of first-order probes at throughout the disc could be completed in ~ 5 million years.[footnoteRef:4]  Deployed probes would begin to return information much sooner. This is not an implausible time frame.  As noted above, the modal habitable planet in our galaxy is ~2 billion years older than Earth, the lifespan of a surviving ETC could easily exceed that of its original star, and its sensitivity to future threats and readiness to address them would far exceed our own.       [4:  Given an initial launch of 50 probes, each capable of producing and launching ten more, the galactic disc could be occupied by probes, each at the center of a non-overlapping sphere 100 light years in radius, in three replications. As an alternative strategy, motherships could drop off first-order probes at many locations [95]. ] 

After assembly on site, each first-order probe could passively surveil and assess planets within its sphere, then dispatch second-order probes to those that seemed to require it. Ideally, these would be dispatched before a technological civilization arose on the target planet. An ancient and advanced ETC would become familiar with the planetary characteristics most conducive to the emergence of technological civilizations; on Earth, Eurasia’s size and shape seems to have played a leading role [88]. Evidence of seasonal agriculture and related activities could provide a further warning [96-97], with signatures of industrialization providing later alerts [98]. Even evidence that a planet is replete with complex life might spark a preliminary investigation. Chemical indications of life have been observed on a planet 124 light years from Earth [7]; ETC could observe from a greater distance. The probes employed in this project could be controlled by AGI or by life forms created on site [99].   
A second-order probe’s initial mission would be to determine the target’s dangerousness. If it was not imminently dangerous, it would be mined for non-strategic information for as long as safety allowed. If a target advanced too far, scientifically and technologically, ETC’s interest in self-preservation would come to outweigh its informational value; at that point, the threat would be terminated. 
	6. Predictions of the Hypothesis
Whether ETC adopts the foregoing strategy or some better one, the dual-goals hypothesis predicts the potentially observable consequences described in this section.   
6.1.  We will receive no intentional “lighthouse” signal.  
Cocconi and Morrison [100, p. 844] suggested that ETC had, “established a channel of communication that would one day become known to us, and … they look forward patiently to the answering signals … which would make known to them that a new society has entered the community of intelligence.”  However, this “lighthouse” [101, p. 1] theory attributes its authors’ motives and values to an unknown entity, and thereby falls prey to what intelligence analysts call the “mirror image fallacy” [102].  An ETC that sees itself as a denizen of the “dark forest” would not emit a lighthouse signal. While others may emit such signals, the time that elapses between the moment a civilization gains the capacity to signal and the moment it becomes a threat to some monitoring civilization may (as humanity’s advance since the 1950’s suggests) be short in cosmic terms. We are unlikely to observe signals sent over such a short time.  
6.2. We will observe no evidence of widespread colonization.  
Discussions of ETC behavior often assume that some would engage in widespread colonization, defined as colonization beyond the minimum needed to hedge against local risks, including the death of its home star. Yet, no evidence for this behavior has been found and no compelling motive for it has been advanced. 
Hanson and colleagues [103, p. 6] justify their colonization model by reference to Earthly examples of “competing species, cultures, and organizations … expand[ing] into new territories and niches … when[ever] such new territories offer supporting resources that can aid reproduction.”  In this model, resources are not extracted from the new territories for the benefit of the metropole; the territories simply provide the soil in which colonies grow. But this story conflates the migration of settler groups – plant, animal, or human – into nearby territories with the sort of large-scale program needed to support interstellar colonization. A true colonization program would require support from the metropole, and a metropole would have no reason to provide support unless it or a leading group in it expected to benefit. 
Human metropoles have never undertaken large-scale colonization programs for the benefit of the colonists. Instead, such programs have been driven by two primary motives: acquiring resources (spices, minerals, etc.) and enhancing the metropole’s power, prestige, and security. These motives comport with the convergent, instrumental goals described above, but they are unlikely to motivate interstellar colonization. As noted above, the cost of acquiring and transporting material resources from distant planets would almost surely exceed the cost of producing them at home, while novel information could be obtained without colonization. Russia’s perennial quest to colonize neighboring lands provides one analogy of colonization for a security motive. However, invaders had to fight their way through Russia’s colonized lands, which therefore provided a buffer. A stealthy, technologically superior invader might pass among colonized planets without notice or interference. 
A third motive for human colonization has been the removal of undesirable individuals from the metropole (e.g., from England to Australia), but an advanced ETC seems unlikely to undertake interstellar colonization for that purpose. Nor does it seem likely that religious belief would motivate interstellar colonization. More broadly, widespread colonization seems an unlikely endeavor for an old, necessarily stable society [104, pp. 59-60], especially as it would come with security risks. Since the discovery of a single colony would likely disclose the locations of the rest, a colonial empire of 100 planets would be 100 times more observable, hence more vulnerable, than a single planet. Colonization could also create its own “dark forest.” Colonies hundreds or thousands of light years distant from each other would grow apart genetically, culturally and commercially. Intermittent exchanges would not prevent this, as they have not prevented wars among Earth’s human populations. A “Hobbesian predicament in which all actors are perpetually in fear of being destroyed” could easily result [105, p. 74], especially if colonies generated colonies of their own. 
6.3. ETC is likely to be active on or near Earth. 
The extraterrestrial hypothesis (“ETH”) asserts that some unidentified anomalous phenomena (“UAP”) are best explained by reference to an extraterrestrial intelligence or civilization. UAP can be broadly defined as “sources of detection of anomalous detections … that are not yet attributable to known actors and that demonstrate behaviors that are not readily understood by sensors or observers” [114, p. 14]. The ETH is a narrower claim than the claim that ETC is active on or near Earth: even if no UAP has an extraterrestrial explanation, ETC could still be here. We will, however, assume their equivalence here. 
The dual-goals hypothesis, if sound, would probabilistically support the ETH in this sense: For the latter not to follow from the former, one of three unlikely things would need to be true: Either a) we are the first spacefaring civilization ever to be active in our galaxy, or b) our predecessors no longer exist, or c) one or more exist but have not reached us yet. Each of these conditions is improbable because: 
a) For reasons described at the outset, it is hard to imagine that we are the only spacefaring civilization ever to evolve in this galaxy or to enter it from elsewhere; 
b) There is little reason to think a spacefaring civilization would destroy itself or be destroyed by natural events,[footnoteRef:5] and if it was a dark forest victim its predator would replace it; and  [5:   Of the “global catastrophic risks” discussed in reference 57, only four seem possibly existential. Of these, humans have already ameliorated the risk from planet-killing astronomical objects, and the risk from superintelligent AGI, while potentially existential for its biological creators, would leave the galactic threat environment unchanged. Only nuclear war and molecular manufacturing seem capable of taking a civilization off the threat board entirely, and neither seems likely to do that. Other astronomical risks (e.g., a nearby supernova) would be avoidable once a civilization attains a capacity for interstellar colonization.  ] 

c) ETC would likely be quite old, so it would have had plenty of time to search. 
Objections to the ETH are of two types: A priori objections cite the difficulties of interstellar travel and the absence of a reason for ETC to travel to Earth; the objection a posteriori is the absence of compelling evidence for its presence. The dual-goals hypothesis addresses both.  
	6.3.1. A priori objections. 
It has long been known that distance is no barrier to interstellar travel. Even at modest speeds, there has been ample time for civilizations to traverse the galaxy many times over. Several forms of propulsion seem physically possible given our current knowledge [47], and more exotic options may exist [e.g., 56, 106]. A priori objections are therefore not grounded in physical impossibility but in other questions. How would ETC learn of Earth? Why would it expend resources to come here? Once here, why would it not disclose its presence?  
	ETC would learn of Earth because it would search for planets that might harbor a current or future threat and/or provide copious non-strategic information. That search might be costly, but a) human societies have typically been willing to bear very heavy costs when their existence is at stake; b) on a strategy like that laid out in section 4.3, these would be mostly one-time costs; and c) these costs would yield a return in the form of information.   
ETC would come to Earth for the reasons discussed above. We are, it is sometimes argued, too insignificant to merit the attention of an advanced civilization. This might be true if human science and technology was locked in its current state or if humans were the only source of information on the planet, but neither is the case. Advances in human knowledge occur almost weekly, and Earth’s biosphere may contain as much information as its noosphere. Most crucially, artificial intelligence is progressing rapidly, and with it our threat capacity. A survey of researchers assigns a 50% or greater probability to the claim that AI will outperform humans in nearly all occupational tasks by 2060 [54]. As these tasks would include computer design and programming, an advanced society might believe humanity would advance “superexponentially” [55] and soon become an imminent threat.
ETC would not disclose its presence because, though we are currently no threat, we would likely interfere with their activities if we became aware of them. We might also use what we learn from their activities to improve our own technology. Perhaps most crucially, if we knew they were here, we could try to discern their origin. Finally, our independent cultural path could be deflected, making the information ETC obtains from us less unique and thus less valuable. 

6.3.2. Objection a posteriori 
The ETH is supported by no dispositive evidence, but that tells us little. If ETC were here, it would understand human languages, history, technology and behavior quite well; indeed, gaining that understanding would be central to its mission. Together with this knowledge, its advanced technology and powers of cognition would make it highly capable of concealment and strategic deception. Deception aims to confuse an opponent’s decision makers about one’s intentions and activities [79]. An expert on the topic writes, “[E]mpirical evidence confirms assumptions drawn from cognitive psychology that deception seldom fails when it exploits a target’s preconceptions. The target’s tendency to assimilate discrepant information to existing mental sets generally negates the risks to deception posed by security leaks and uncontrolled channels of information” [106, p. 294]. ETC would know that, of humanity’s two relevant elites, the scientific community tends to reject “extraordinary” claims unless clear and convincing evidence supports them,[footnoteRef:6] and its militaries tend to focus on known threats.[footnoteRef:7] Its deception strategy would make use of these attitudes. By contrast, our knowledge of its capacities and practices would be negligible.  [6:  One example of the scientific attitude regarding “extraordinary” claims concerns “rogue” ocean waves. These were reported for centuries, but science largely denied their existence before 1995 [107]. Meteors [108] and continental drift followed the same pattern.  ]  [7:  The Director of the All-domain Anomaly Resolution Office says this about its findings: “If we don't prove it’s aliens, then what we're finding is evidence of other people doing stuff in our backyard. And that's not good” [109]. It may be worse if it is aliens.  ] 

Though no dispositive evidence for the ETH exists, anything that tends to make a relevant fact more or less probable counts as evidence in a court of law.[footnoteRef:8] By this standard, well-attested witness reports, photographs, radar returns, and other physical effects that i) an alien presence could explain and that ii) after investigation, have no other persuasive explanation count as some evidence for this hypothesis. Evidence of this sort certainly exists [113-116]; the challenge is how to evaluate it.  This subsection will address that challenge in the absence of the dual-goals hypothesis.  [8:  See Rule 401, Federal Rules of Evidence. Achinstein’s “potential evidence” [110] is evidence by this standard. ] 

To understand it clearly, it will help to view it from a Bayesian perspective. Let:  
[bookmark: _Hlk152847272]P(¬B) = the probability that the report of a hypothetical anomalous event is a false positive, e.g., a hoax or a mistake.   
P(BǀA) = the likelihood function of the ETH on the event, assuming it is not a false positive. 
P(A) = the prior probability of the ETH, absent this event. 
P(AǀB) = the posterior probability of the ETH, given this event. 
In a hypothetical case, set P(¬B) at 0.05 (signifying that the event is well-attested) and P(BǀA) at 0.5, an “uninformative” value.  On these values, assigning P(A) a value of 0.01 yields a posterior probability – P(AǀB) – of 9.2% while assigning P(A) a value of 0.1 yields a posterior probability of 52.6%. The significant weight the Bayesian calculus gives to prior probability – corroborates the aphorism that “extraordinary claims” – claims taken to be extraordinary because they are unsupported by an accepted theory – are said to require “extraordinary evidence” [112]. 
[bookmark: _Hlk153188014][bookmark: _Hlk152850648]What of the other Bayesian factors? Applying normal evidentiary considerations – e.g., an event independently reported from different perspectives by technical systems and multiple observers [see 108, 113-115] would, all else being equal, be better attested than one evidenced by a photograph from a single witness – expert judgment can assess the P(¬B) of an event, perhaps using the Delphi method [117]. As to its P(BǀA), some alternative, non-ETC explanation is likely to be proffered for most reports of anomalous events. In some cases, this explanation will seem persuasive; in others, it will not. Again, the Delphi method could be used to determine the probability of this alternative explanation, call it P(AE). But subtracting P(AE) from 1 will not yield the probability of an extraterrestrial explanation, because the true explanation may be non-extraterrestrial but unknown. Denoting an unknown, non-extraterrestrial explanation as X: 
P(BǀA) = 1 – {P(AE) + P(X)}
This would not be a problem if we could independently determine P(X). But the value we assign to it will surely turn on the value we assign to P(A), the prior probability of the extraterrestrial hypothesis. That is, if we assign a low value to P(A), we will likely be willing to assign a high value to P(X).  If we assign a high value to P(A), we will be more likely to constraint P(X) to a lower value.  But if everything depends on P(A), which is unknown, even low values of P(AE) and P(¬B) will tell us nothing. This is the central epistemic challenge to any evaluation of proffered evidence of ETC’s presence.  Can the dual-goals hypothesis meet it?       
6.3.3. The epistemic challenge and the dual-goals hypothesis 
Thus far, the arguments for the dual-goals hypothesis have only been its intrinsic logic and the fact that it explains the Fermi paradox. We turn now to the question of whether it might be tested using facts we have on hand.  
The hypothesis predicts specific behaviors an ETC operating on Earth would likely exhibit and others it would likely avoid. These include the following:  
● Since, if ETC is here at all, it is likely to have been here for some time it would already have collected information created in the past. Its current efforts would focus on newly created information and therefore on locations where that is likely to arise. 
● ETC would monitor humanity’s most advanced weapons systems, and would attempt to control them if it could do so without active hostility. Active hostility would pose an immediate threat and could engender a response.  
● ETC would expose itself to observation as little as possible, no more than is necessary to pursue its mission. Lights in the night sky, objects that intentionally present themselves to multiple observers, and other widely apparent events are therefore highly unlikely to be ETC-related.   
● For the same reason, ETC would not routinely reappear in the same observable locations. 
● ETC would not share information or technology with humanity or attempt to affect the course of human history at any point. Pace various claims about ancient aliens, it would not show humans how to carve stone.  
● Events in which human observers stumble upon or surprise a UAP are more likely to have an extraterrestrial explanation than events in which a UAP enters a space clearly occupied by human observers.   
● Insofar as possible consistent with its mission, ETC would avoid urban areas or other environs where human observers are plentiful. 
● ETC’s technology would occasionally malfunction or fail to operate properly; its technology would only be technology, not magic.  
● ETC would occasionally engage in radar or visual spoofing (transmission of signals intended to deceive).   
If we accept these behaviors (or others) as its logical consequences, the dual-goals hypothesis can be tested statistically. Set the P(A) of the ETH at some arbitrary value, then estimate the P(¬B) and P(AE) of a representative set of UAP reports selected without reference to these behaviors. As noted above, both should be determinable. Then, setting P(X) to zero, calculate the P(BǀA) and P(AǀB) of each report. These values will be meaningless in themselves but can be ranked from highest to lowest. Next, determine whether each report exhibits behaviors predicted above. A better-than-chance correlation between reports that generate a high P(AǀB) and those in which the UAP exhibits these behaviors would tend to confirm the dual-goals hypothesis and with it the ETH; the lack of any positive correlation would tend to falsify the former and to a degree the latter.      
7. Conclusion 
The dual-goals hypothesis would, if accepted, resolve the Fermi paradox. It also offers a way to test the ETH using data already at hand. But it does these things at a cost: If it is true, it strongly suggests that humanity faces an unsuspected existential risk. Whether this risk exists or not, the possibility is worthy of investigation. 
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