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Arguing About Extraterrestrial Intelligence 
Philosophical Lessons from the ‘Oumuamua Controversy 
 

Then, as our fourth study let us set down astronomy, assuming that this science is available…  

Republic 528e 

 

 

In October 2017 an exotic object was photographed beyond earth’s orbit. Given its trajectory 

astronomers were able to infer that the object - 1I/2017, ‘Oumuamua – had originated from 

outside our solar system. In a series of joint-published scholarly articles and a recent public-

interest monograph, Avi Loeb has defended the unorthodox hypothesis that: 

 

Loeb’s Hypothesis (LH): ‘Oumuamua is an extraterrestrial artefact.1 

 

This has been the subject of significant controversy. It is not unusual that exotic hypotheses 

concerning extraterrestrial intelligence should be proposed – and discussed on websites, blogs 

and popular magazines - but it is unusual that they should be defended in peer-reviewed 

publications by members of the scientific community with impeccable credentials. Yet Loeb is 

the Frank B. Baird, Jr., Professor of Science in Harvard’s Department of Astronomy and LH has 

been discussed in the pages of the top journals in the field including Nature Astronomy and the 

Astrophysical Journal Letters. 

 

I approach the hypothesis that ‘Oumuamua is an extraterrestrial artefact from a philosophical 

perspective, focusing on the structure of the arguments offered for and against it. This focus 

serves as a useful supplement to core work in astronomy. It helps us to see why it is reasonable 

to assign a low credence to LH. It may also help us to assess similar hypotheses. In recent years 

 
1 See especially Bialy and Loeb 2018, and Loeb 2021. See also Siraj and Loeb 2019, Hoang and Loeb 2020. 
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there have been a number of high-profile cases that are structurally similar to LH; cases in which 

exotic hypotheses about extraterrestrial behaviours and technologies have been offered as 

explanations of puzzling astronomical phenomena (discussed in section 6). We are likely to 

encounter more cases of this kind in the coming years as the search for extraterrestrial life 

gathers pace. In an interview to accompany his recent TED talk the astronomer – and current 

head of SETI – Seth Shostak claims that given developments in the relevant science and 

technologies we should be relatively optimistic about detecting signals within the next twenty 

years.2 I use LH as a case-study with this in mind; an attempt to get clear on argumentative 

structure, explanatory burdens and theoretical commitments when it comes to inevitable future 

claims to have encountered evidence of extraterrestrial intelligence. My general view is sceptical, 

though not completely so. 

 

The plan is as follows. Sections 1 and 2 summarise the current literature for and against LH. 

Sections 3, 4 and 5 approach the debate from a philosophical perspective, focusing on argument 

structure and explaining why this informs my low confidence in LH. Section 6 generalises to 

similar hypotheses and briefly addresses developments that could alter our appraisal of these 

hypotheses in coming decades. Before beginning I must be clear: although many of the sources 

with which this article engages are from the pages of astronomy journals, this is primarily a work 

of philosophy not of astronomy. I very much hope that the discussion of scientific material – 

especially in sections 1, 2 and 4 of the paper – is accurate enough not to leave my more 

scientifically-minded readers despairing but also readable enough to keep more philosophically-

minded readers engaged. I have done my best on both of these scores. My apologies in advance 

should I have failed. 

 

 
2 https://blog.ted.com/contact-with-aliens-by-2036-astronomer-seth-shostak-wants-to-believe-and-does/ 
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1. The Case for LH 

 

In 2017 a bright and rapidly rotating object about a quarter of a mile in length entered our solar 

system at a forty degree angle to the elliptical plane. It passed around the sun at a distance of one 

quarter of one astronomical unit before exiting at a speed of nearly sixty miles per second. It is 

currently somewhere in interstellar space. The orthodox view is that this object, ‘Oumuamua, is a 

comet or asteroid that was ejected from a nearby system and attracted to our own solar system 

by the sun’s gravitational pull.3 The view that ‘Oumuamua is an extraterrestrial artefact (LH) is 

based in large part on scepticism about this orthodox view. I begin by very briefly explaining this 

scepticism. I do so by highlighting three respects - in order of increasing importance - in which 

defenders of LH have found the orthodox explanation problematic.4 

 

i. Origin and Number-Density 

‘Oumuamua was first detected with the recently commissioned Pan-STARRS telescope. While it 

was hoped that Pan-STARRS might detect rogue interstellar comets and asteroids, the detection 

of ‘Oumuamua given the extremely limited search carried out by Pan-STARRS to-date suggests a 

significantly – i.e. orders of magnitude - higher number-density for such objects than predicted 

on standard models of their origins.5 It follows that if ‘Oumuamua is best understood via the 

orthodox explanation, then either its speedy detection was an extremely fortunate coincidence or 

the aforementioned standard models were badly wrong.6  

 

ii. Constitution and Shape  

 
3 See e.g. Micheli et al 2018. 
4 This three-way categorisation is clear in Moro-Martin 2019b and extends material in Cowie 2021. 
5 See especially Moro-Martin 2018, 2019a. See also Do et al 2018, Trilling et al 2017 and the concluding section of 
Seligman et al 2019. 
6 Coupled with this is that ‘‘Oumuamua’s velocity was very close to that of the local average; a fact that limits the 
number of possible parent systems on orthodox models of ‘‘Oumuamua’s nature. This is discussed in Loeb 2021, 
79-87. It is also cited as evidence against orthodox explanations by some who do not accept LH (e.g. Moro Martin 
2019b). 
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Some of ‘Oumuamua’s most interesting properties concern its shape. Although it has not been 

possible to uniquely confirm the shape, both of the options under serious consideration are 

highly irregular. One option – favoured option among defenders of the orthodox view – is that it 

was an ellipsoid with an extreme ratio of length to width (‘cigar’), typically estimated roughly 6:1 

though some estimates are much greater.7 Objects of these dimensions are peculiar. This much is 

common-ground between Loeb and his critics. In a recent Nature Astronomy article the 

International Space Science Institute’s ‘‘Oumuamua Team – otherwise highly critical of LH (I 

return to this below) – found that “[w]hile several models have been proposed to explain 

‘Oumuamua’s very elongated shape, none can naturally match such an extreme axis ratio within a 

self-consistent framework.” A second option with respect to ‘‘Oumuamua’s shape, also 

consistent with the data, is that it was an extreme oblate spheroid (‘pancake’).8 This is an even 

more irregular shape with respect to known natural objects – and even harder to explain - yet 

intriguingly recent work suggests that it is by some way the likelier of the two shapes. 

Mashchenko et al (2019) estimate the probability of an extreme oblate spheroid at 91%. With 

respect to shape then ‘Oumuamua is something of a mystery. Loeb puts it as follows: 

 

Either way ‘Oumuamua was a rarity. If it was elongated, we had never seen any naturally 

occurring space object that size and elongated; if it was flat, we had never seen any naturally 

occurring space object that size and flat.  

2021, 31. 

 

iii. Non-Gravitational Acceleration 

The most important anomaly concerns acceleration. ‘Oumuamua entered the solar system at an 

angle to the elliptical plane, passing once around the sun – reaching perihelion at 0.25 AU; that 

 
7 See Belton et al 2018 for discussion. Siraj and Loeb 2019 provide a high estimate (up to 50:1). 
8 Belton et al 2018. 
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is, roughly half-way between the sun and Mercury - before accelerating outward, returning to 

interstellar space. The acceleration cannot be explained solely by the gravitational forces acting 

on it. So what could explain it? Comets from within our own solar system can behave in this way 

(i.e. display ‘non-gravitational acceleration’). They do so when exposure to the sun’s heat causes 

deposits of ice on their sun-facing end to melt, generating propulsion. These comets emit a tail 

of fine dust and gas (‘outgassing’) as residue from the propulsive mechanism. So if the orthodox 

view were correct, we would expect ‘‘Oumuamua’s acceleration to have left just such a tail. Yet 

nothing of this kind was detected. While it is possible that this could be a mere failure of 

detection – as opposed to a lack of outgassing - it is highly unlikely. As it accelerated on its 

outbound orbit ‘‘Oumuamua was tracked by the Spitzer space telescope. Had outgassing 

occurred Spitzer would have been expected to detect a significant trail of CN, CO and CO2. This 

makes the orthodox explanation for ‘‘Oumuamua’s non-gravitational acceleration problematic.9  

 

Again, this is largely conceded by opponents of LH, for example, Mashchenko et al (2019): 

 

The non-detection of… outgassing… needed to drive the non-gravitational acceleration of 

‘‘Oumuamua make the cometary explanation even more problematic. If ‘‘Oumuamua is a 

comet in some sense, it must be a very exotic one, with its properties… being nothing like 

properties of Solar System comets. 

 

And Moro-Martin et al (2019b): 

 

 
9 There are further reasons that outgassing explanations are problematic. One - not discussed here – is that 
outgassing explanations on an irregularly shaped object would likely have produced a torque with predicted visible 
effects on spin (e.g. Rafikov 2018, though see Sellgman 2019) and subsequent constraints on ‘Oumuamua’s 
composition if it were to avoid break-up (‘to maintain a self-consistent framework’ in the jargon). 



 6 

1I/’’Oumuamua is a known interstellar interloper exhibiting a non-gravitational 

acceleration…that cannot be accounted for by outgassing, given its lack of cometary activity 

and the strict upper limits to outgassing revealed by Spitzer observations...  

 

So the orthodox explanation is problematic. How problematic? Number density, shape and 

acceleration all pose problems for this explanation. As Loeb presents it, the likelihood of the 

orthodox explanation can be understood as the product of these – and other - low likelihoods; 

each one-in-a-small-number. He estimates “one-in-a-trillion, give or take” (2021, 86).  

 

LH is presented as the alternative. The basic case is simply that if natural explanations of 

‘Oumuamua’s nature fail, then the only alternative is that it is artificial. But Loeb also provides 

some positive reason for taking LH seriously; or at least for not dismissing it. The first part of the 

positive case is that we should quite generally have a reasonably high credence in there being a 

lot of extra-terrestrial life ‘out there’ and a resulting high credence in encountering evidence of it 

in the form of artefacts (specifically ‘relics’). Loeb is up-front about the role that this important 

claim plays in his argument. He writes: 

 

“It is very presumptuous for us to assume that we are the only intelligence in the vast 

cosmos… [I]t is most likely that we will encounter relics of extraterrestrial technologies 

before establishing contact with any living civilisation. This must be kept in mind as we 

contemplate explanations for the mysterious properties of… ‘‘Oumuamua.” 

2021, 115 

 

Secondly, as part of the positive case, Loeb ventures a speculative hypothesis with respect to the 

specifics of ‘‘Oumuamua’s nature. It is that ‘‘Oumuamua was, or behaved as, a ‘solar sail’. The 

basic reason for this is that the rate of ‘‘Oumuamua’s post-perihelion non-gravitational 
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acceleration was given by the inverse square of its distance from the sun. This would be well-

explained if the force exerted on it were a result of solar radiation, which varies as inverse square 

of distance. It would also explain the smooth nature of that acceleration; something poorly 

explained by outgassing from a chaotically rotating object. Indeed even some opponents of LH 

concede this. For example, in the widely cited Micheli et al (2018) the authors write: 

 

The simplest physical phenomenon that could cause a radial acceleration following an r-2 

dependency and directed away from the Sun is pressure from solar radiation…10  

 

The solar radiation explanation puts strict limits on ‘‘Oumuamua’s shape and constitution. 

Neither comets nor asteroids fit these limits. ‘‘Oumuamua would have to be wide, flat and thin. 

This fits well with the ‘extreme oblate spheroid’ shape that represents one of the two possibilities 

– the likelier of the two - noted above. Loeb’s proposal, then, is that ‘‘Oumuamua is: 

 

…artificially constructed and, furthermore, that we have a (rough) model for such a 

construction: a solar sail – a thin, sturdy piece of equipment capable of deviating due to the 

effects of solar-radiation pressure…   

2021, 45 

 

2. The Scientific Community’s Response to LH 

 

LH has largely been rejected by the scientific community. Why? The most high-profile article 

with the explicit aim of rejecting LH is the ISSI ‘Oumuamua Team’s 2019 overview piece in 

 
10 See also e.g. Moro-Martin et al 2019b. 
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Nature Astronomy. The authors argue that LH should be rejected primarily because ‘Oumuamua 

can be explained in natural terms. They write in conclusion: 

 

While ‘Oumuamua presents a number of compelling questions, we have shown that each 

can be answered by assuming ‘Oumuamua to be a natural object. Assertions that 

‘Oumuamua may be artificial are not justified when the wide body of current knowledge 

about solar system minor bodies and planetary formation is considered.  

 

The ISSI ‘Oumuamua Team is claiming that LH should be rejected because the compelling 

questions that ‘Oumuamua poses can be answered in natural terms. On a purely methodological 

level this should give us pause for thought. Are the authors merely claiming that it is in principle 

possible to provide natural explanations for each of ‘Oumuamua’s peculiarities or that we should 

be confident in an overall natural explanation of ‘Oumuamua? Surely to be effective against LH the 

authors would need to make the latter, stronger claim. After all, Loeb’s rejection of the orthodox 

explanation is based on its improbability and is perfectly consistent with its in principle 

possibility. Curiously though, when we look in detail at the ISSI ‘Oumuamua Team’s article, it 

seems that they make only the weaker of these claims. As a simple illustration of this, note that 

the lengthy penultimate section of the ISSI paper entitled ‘open questions’ includes three sub-

sections; one concerning ‘Oumuamua’s shape, one its rotation and one its origin. These three 

features of ‘Oumuamua, the team contend, remain open questions – we don’t know what to say 

about them. But if these all remain open questions, then it is very problematic indeed to claim 

that natural explanations of ‘Oumuamua have been shown to be compelling in any way. After all, 

shape, rotation and origin are three of its most interesting properties; and three of the properties 

that animate the case for LH.  
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This worry is strengthened when we think about the most important issue: non-gravitational 

acceleration. Here, the explanations considered by the ISSI Team are very much presented as 

‘possibles’ and are perfectly consistent with an overall low confidence. Their central idea is that 

‘Oumuamua could have been driven by the effects of the sun’s heat on its exposed ice in a 

fashion that is reconcilable with the lack of detected outgassing. In defending this view, several 

issues must be addressed. A preliminary issue is the failure to detect a dust trail, as would be 

expected. The ISSI ‘Oumuamua Team note that while unusual, the lack of a detectable dust trail 

on comets is not unique; this is also true of 2P/Encke. The main issue concerns the outgassed 

H2O, and carbons (CN, CO, CO2) that drive ordinary cometary non-gravitational acceleration. 

Here, the ISSI ‘Oumuamua Team’s central idea is that because the failure to detect outgassed 

H2O is not mysterious – the observations made were not sensitive enough to expect this to have 

been detected – it is likely that this was the primary driver of the non-gravitational acceleration, 

leaving only the problem of the non-detection of relevant carbons (CN, CO, CO2), which one 

would have expected to be detected. This could be explained by supposing that ‘Oumuamua’s 

acceleration was the result of an unusually high ratio of H2O to carbons. Two issues now arise. 

One is how unusual the required ratio would be. The other is why ‘Oumuamua would have this 

unusual ratio. With respect to the how question, the ISSI Team’s claim is that the CO “limit is 

within the range of measurements for known comets” whereas “the CO2 upper limit is about an 

order of magnitude lower.” With respect to the why question, the central idea seems to be – 

though this requires some interpretation – that ‘‘Oumuamua may have had an unusually depleted 

store of carbons owing to “repeated passages close to its host star before being ejected.” 

 

With these answers in mind, return to the question of what the ISSI ‘Oumuamua Team show: do 

they establish the weaker conclusion that natural explanations of each of ‘Oumuamua’s 

peculiarities are in principle possible, or the stronger conclusion that natural explanations are 

actually compelling? The answer appears to be the former. While they may succeed in showing 
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that there could be natural explanations of each of ‘‘Oumuamua’s peculiarities, it is much less 

clear that they show that this is in any way compelling; as we have seen above, with respect to 

outgassing alone (i.e. setting aside the three ‘open questions’) the ISSI ‘Oumuamua Team’s 

proposed explanation posits a CO2 limit an order of magnitude out from anything presently known, 

caused by unevidenced, conjectured repeated passages around an unidentified home system. This 

is very much more of a ‘possible’ than a ‘probable’.11 It’s not just the ISSI ‘Oumuamua Team 

who argue in this way. We can see a somewhat similar structure in the closing discussion of one 

of the other high-profile articles to explicitly discuss – and reject – LH: Seligman et al 2018. The 

closing discussion of this article, much like that of the ISSI ‘Oumuamua Team, is perfectly 

consistent with the probabilistic premise behind LH; namely, that ‘‘Oumuamua’s non-

gravitational behaviour, whilst possibly explicable in natural terms, is nonetheless a serious outlier 

in a number of respects. Seligman et al note, for example, that their explanation requires that 

‘‘Oumuamua’s carbon to oxygen ratio was unusually low, that the percentage of mass that it 

must have lost on this model was unusually high, and that the number-density of comparable 

objects must be several orders of magnitude greater than expected.  

 

So what is going on? The responses of the scientific community are aimed at undermining LH 

but it is not obvious how they could claim to do so. We need to move from the science to 

philosophy; we need to think about the structure of the arguments on offer.  

 

3. Three Points About Structure 

 

As we have seen, the core claim behind LH is that we should have low confidence in the 

orthodox explanation. Loeb assigns one-in-a-trillion as a very rough value. This is key to 

 
11 A similar remark applies to the ISSI Team’s consideration of the hypothesis that outgassing could have been 
significantly delayed owing to gasses being trapped beneath its surface. While this could have been the case, its mere 
possibility, combined with the lack of similar known cases, hardly presents a problem for LH as I have presented it. 
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understanding where the argument for LH goes wrong. It is worth quoting the passage in which 

Loeb makes this claim at length: 

 

Using very conservative probabilities, based on its shape, rotation and luminosity alone, a 

cometary ‘Oumuamua would be a one-in-a-million naturally occurring object. Attempt to 

explain its composition so that we can explain its deviation beyond solar gravity by 

outgassing that was invisible to our instruments and you still have an object that is as rare 

as one in thousands. But that’s not all. It’s also very odd, remember, that ‘Oumuamua’s 

spin rate didn’t change… Maybe just one in every thousand comets keeps a steady spin… 

we’re now talking about a one-in-a-billion object. Then there’s its lack of jerks. If there was 

naturally occurring outgassing… those putative jets would have had to perfectly cancel 

each other out. If that’s another one-in-a-thousand coincidence, ‘Oumuamua is now one 

in a trillion. 

2021, 86. 

 

Consider the following three important worries with the claims being made above; worries that I 

simply state for now before developing them into an argument in the next section. 

 

Firstly, one might worry that Loeb’s confidence assignments are being specified in a way that 

pushes down their value. There are two ways in which this could happen. The first is if the 

propositions whose likelihood he is concerned with are being specified in very fine-grained 

terms. This is a familiar point. If we specify propositions finely enough, anything can warrant a 

vanishingly low assignment. Given that I am writing this article, the likelihood that I am aged 

between twenty and eighty is very high. But the likelihood that I am exactly fifty-six years and 

thirty four days old is very small, even if that’s the mean age of authors in this field. Might 

something like this be partly behind the low assignments to natural explanations of ‘Oumuamua? 
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I shall simply assume not. This is, I think, a fair assumption. Loeb’s low confidence assignments 

are intended as the result of ‘Oumuamua falling within an unusual range for each of a number of 

variables (e.g. shape, motion etc) rather than the result of its occupying a very specific location 

within the normal range for each of those variables. There is, however, a second worry about the 

specification of the confidence assignments. It concerns whether the variables to which those 

assignments attach are dependent or independent. We are not told explicitly in the quotation 

above but Loeb’s presentation can certainly be read as assuming the assignments are 

independent. If so, this is incorrect. Take, for example, the claims that ‘Oumuamua’s luminosity 

and composition are unusual. These are offered as independent claims, each of which 

contributes a conjunct to the overall low confidence assignment, but an object’s composition 

and its luminosity are not typically independent. The probability that an object has an unusual 

composition may be a low, and the probability that an object has an unusual luminosity may also 

be low but the probability of the latter given the former will surely not be. So there is a worry 

here with respect to Loeb’s probability assignments; are dependent probabilities being multiplied 

as though they are independent, thereby generating a lower value? I think this is a fair worry but 

again I shall simply set it to one side. I shall assume that either the probability assignments are in 

fact independent or that their dependency has been factored in by Loeb when estimating their 

low values. 

 

Secondly and more importantly the one-in-a-trillion assignment concerns what I have referred to 

as the orthodox explanation (“a cometary ‘Oumuamua”). One would need an additional premise to 

get from here to the conclusion that the probability that ‘Oumuamua is natural is one-in-a-

trillion; namely, that the orthodox explanation exhausts the space of possible natural 

explanations. Crucially though this premise requires that there is no non-orthodox natural 

explanation of ‘Oumuamua. Yet there are non-orthodox alternatives. In fact there are two types 

of non-orthodox alternative. The first is specific; that ‘Oumuamua is some particular, 
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hypothesised, natural but non-orthodox object. Perhaps for example – to run through some of 

the suggestions in the literature - a low-density icy fractal aggregate, an exo-planetoid fragment, 

or a disintegrated comet.12 The second is less specific. It is that ‘Oumuamua is some natural 

object, but we don’t know what. Again, within this there are subdivisions. One is that 

‘Oumuamua is some natural object the kind of which we know of but have failed to identify as 

an explanation, another is that ‘Oumuamua is some natural object the kind of which we don’t yet 

know of. These non-orthodox natural options must be taken into account when assessing LH. I 

return to this in the next section. 

 

Thirdly, the probability assignment that Loeb makes in the above quotation does not factor in 

that the alternative is that ‘Oumuamua is an extraterrestrial artefact. This is important. We must 

distinguish between: 

 

(A) The likelihood that ‘Oumuamua is a comet, asteroid, planetoid (etc) setting aside that the 

alternative is that it is an alien artefact, and; 

(B) The likelihood that ‘Oumuamua is a comet, asteroid, planetoid (etc) factoring in that the 

alternative is that it is an alien artefact. 

 

Loeb’s one-in-a-trillion assignment concerns (A). The assignment to (B) may be very much 

higher. The point is familiar from Hume. Suppose that a sincere and reliable witness testifies to 

having witnessed a miracle. How confident should we be that his testimony is false? We can 

separate this into two questions. The first concerns our confidence that, for any arbitrarily picked 

proposition, the witness would have spoken falsely in uttering it. That’s low, perhaps very low 

indeed. The second concerns our confidence that the witness has spoken falsely given that the 

 
12 See for example Moro-Martin 2018, 2019b, Jackson and Desch 2021, Sekanina 2019. 
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alternative is that a miracle has occurred. That is much higher. Similarly with ‘Oumuamua. We 

shouldn’t be overly impressed by the low assignment to (A). A low assignment for (A) is quite 

consistent with a high assignment for (B). And, given that we’re trying to find out what 

‘Oumuamua is, it is the assignment to (B) we should really care about. 

 

This is closely related to a further important methodological point in the presentation of LH. 

Loeb repeatedly invokes ‘the Holmesian maxim’ that if all of the options have been eliminated 

then all that remains, however unlikely, is true. He writes: 

 

It is an exotic hypothesis, without question… [B]ut… I went down a logical route… 

followed the evidence and in the grand tradition of the detective work of science… hewed 

closely to a maxim of Sherlock Holmes: ‘When you have eliminated the impossible, 

whatever remains, however improbable, must be the truth. Hence out hypothesis: 

‘‘Oumuamua must be artificial. 

2021, 67 

 

Loeb’s thought is that if the orthodox, natural explanation has been eliminated, and if there are 

no other candidate natural explanations, then LH is the only option remaining. As the discussion 

of miracles shows, this way of reasoning can get us into trouble. There will be cases – like 

‘Oumuamua - in which all of the alternatives have low prior probabilities; prior that is to 

considering the alternatives. In these cases, it is too quick to move from a low prior probability 

assignment to all but of the one alternatives to the rejection of the remaining alternative. We 

need to compare all of the differing alternatives. The argument must be contrastive, not eliminative.  

 

4. Against LH 
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With these remarks in place we can begin to set up the case against LH. There are two important 

points. The first is that when assessing LH we should not only be thinking about the problems 

facing orthodox natural explanations, but we should also be thinking about non-orthodox yet natural 

explanations. The second is that our argument should be sensitive to the essentially contrastive 

nature of competing explanations, where the contrast (with natural explanations) is that 

‘Oumuamua is an extraterrestrial artefact. Putting these two points together, we can specify the 

proposition that we should focus on when theorising about ‘Oumuamua as follows:  

 

The Relevant Proposition: The sum of our confidnces in both orthodox and unorthodox 

natural explanations of ‘Oumuamua, factoring in that the alternative is that ‘Oumuamua is 

an extraterrestrial artefact.  

 

This proposition is sensitive to both the availability of non-orthodox natural options, and the 

contrastive nature of the assessment. Provided that the confidence we have in this proposition is 

high enough, we should reject LH. When we realise this, the case LH looks significantly weaker. 

There are two reasons for this. Firstly, we’re not warranted in having a very high confidence in 

encountering extraterrestrial artefacts in our solar system. Secondly and more importantly, we 

should have a high confidence in there being some unorthodox natural explanation of 

‘Oumuamua. I take each of these in turn below beginning with the more speculative claim that 

we’re not warranted in having a very high confidence in encountering extraterrestrial artefacts in 

our solar system. 

 

i. We Shouldn’t Have High Confidence in Encountering Artefacts 

 

The case for LH is reliant on a non-negligible degree of confidence in encountering alien 

artefacts in our solar system. Loeb is up-front about this. I do not think, however, that this 
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confidence is warranted. At present we are not in a position to have anything more than a 

negligible degree of confidence in such an encounter. The basic reason for this is simple. We 

have not encountered anything of this kind to-date nor do we presently have compelling reason 

to think this reflective of bad luck or bad detective practices on our part as opposed to being 

reflective of a genuinely low likelihood of encountering such things. The most conservative 

hypothesis then is that we should maintain a default low degree of confidence in encountering 

artefacts in our solar system. 

 

A defender of LH must show that this simple approach is mistaken. The obvious way to do so is 

by arguing that we do have reason to have more than negligible confidence in encountering alien 

artefacts in our solar system. There is a commonly-cited argument to this end. We know that 

there are a sufficiently large number of planets out there – and have been for a long time - that it 

would take only a small fraction of them to produce intelligent life in order for there to be - and 

have been – a huge amount of intelligent life. And if there is – and has been - a huge amount of 

intelligent life, then a greater than negligible confidence in encountering some artefact is 

warranted13. 

 

Assessing this objection takes us into some notoriously murky territory. Fortunately, there is a 

good guide. In a fascinating recent article Sandberg, Drexler and Ord (2018) provide a summary 

of the current scholarly literature estimating the spread of detectable life in the universe. It takes 

as its departure point ‘the Drake Equation’: an equation that identifies the relevant variables. 

These are: the number of habitable planets in the galaxy, the proportion of those habitable 

planets that harbour life, the proportion of those life-harbouring planets that harbour-intelligent 

life, the proportion of intelligent-life harbouring planets that harbour detectable life, and the 

 
13 This is one half of ‘Fermi’s paradox’ (the other half being that we have not yet detected anything). For 
comprehensive discussion see Cirkovic 2018. 
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average life-span of a detectable species. The number of detectable species within the galaxy at 

any one time is the product of these factors. This equation is now the subject of an enormous 

literature focused on making best-guess estimates of the values of the relevant variables.14 

Sandberg, Drexler and Ord’s survey of this literature is striking. It reveals estimates of values for 

the relevant variables each of which span orders of magnitude, and for the resulting overall 

value, N, that spans eleven orders of magnitude from 3 × 10−4 to 1 × 108. The overall distribution 

is across a huge range with an extremely significant skew towards the very low end of the scale; 

thirty percent of all estimates give values of N that are less than 1, and ten percent give estimates 

that are less than 10-10. This means that thirty percent of the community think there we are likely 

the only in principle detectable species in the galaxy, and ten percent think we are likely the only 

in principle detectable species in the universe. By contrast a small number of estimates give very 

large values (many hundreds of millions or more). The median value is approximately 100, the 

mean 53 million. 

 

What, aside from enormous uncertainty in the scientific community, can we take from this? 

Sandberg, Drexler and Ord use their study to perform a statistical test - a ‘monte carlo test’ - 

designed to best-estimate outcomes where uncertainty for each variable is high.15 We use the 

upper and lower estimates (within the scientific community) for each variable as upper and lower 

bounds for the values of those variables. We make no assumptions beyond this about the 

distribution for the variable between these bounds. At the first stage of the test each variable has 

a value between those bounds randomly assigned and a final outcome – equal to the product of 

the randomly assigned values for each variable - is calculated. At each subsequent stage, this 

process is performed again differing only in that a new set of random assignments to each of the 

relevant variables is made on each occasion, and a new outcome calculated given those 

 
14 See e.g. Vokch, D. and Dowd, M. 2015. 
15 See also Snyder-Beattie, Sandberg, Drexler, and Bonsall 2021. 
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assignments. This process is performed a large number of times, generating a large number of 

outcomes. The total set of outcomes can then be understood as a distribution: a distribution that 

models our confidence given only the upper and lower limits set at the start. This is exactly the 

kind of test we need for a best guess distribution of in principle detectable species. It is a test 

designed for modelling a distribution for outcomes in which the range of genuine uncertainty for 

each variable is large, point estimates are misleading and the best we can do is to set upper and 

lower bounds. The result of the test is a median value of N = 0.32, with a probability of N < 1 

of 52%, and a 38% confidence in a value of N so low that odds would be against any non-

human detectable life in the observable universe. Suffice to say that if we work with these values 

we should not approach astronomical phenomena with a high prior confidence in explanations 

given in terms of extraterrestrial intelligence.  

 

Note also that the outcome with which the Drake equation is concerned, N, is the number of in 

principle detectable species. So the use of any value for N in thinking about ‘Oumuamua has not 

yet factored in that the detection presupposed by LH is of an artefact and an artefact within our 

solar system at that. Factoring this in should lower our confidence even more. Consider: we 

(humans) are detectable life who have not only manufactured artefacts but have even sent some 

of our own artefacts (e.g. Voyager 2) beyond the limits of our solar system. Now suppose there 

were a million planets each of which was home to a species like ours, randomly distributed 

throughout the galaxy, each of which sent out its own equivalent to Voyager 2. Should we, here 

on earth, be confident of encountering one at some point in the lifetime of our species? Given 

the vastness of space, the ‘needle in a haystack’ metaphor hardly gets close to describing how 

unlikely it would be. The lesson: even if there were a huge amount of life that is not only 

detectable and artefact manufacturing, but also detectable because the manufactured artefacts 

have been sent outside of their own solar system, confidence in encountering such an artefact 

shouldn’t obviously be greater than negligible. Now of course, one could argue that there might 
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be highly-advanced or long-lasting species (or some such) that would do rather better than our 

meagre efforts when it comes to the distribution of interstellar artefacts.16 True. There might be. 

But we would need to have some reason to assign a non-negligible confidence to the existence 

of the relevant species in the first place. And at present, I don’t see how we can reasonably do 

that.  

 

ii.  We Should Have High Confidence in Unorthodox Natural Explanations 

 

Loeb’s one-in-a-trillion assignment is to the orthodox explanation of ‘Oumuamua: an explanation 

according to which ‘Oumuamua is a comet ejected from a nearby system behaving roughly as we 

would expect. As noted in the previous section however we must also consider whether 

‘Oumuamua could be the subject of a non-orthodox natural explanation. These include specific 

proposed explanations of ‘Oumuamua that are non-orthodox (e.g. a planetoid fragment, an icy 

fractal aggregate, a cloud of frozen hydrogen, a partially disintegrated asteroid, etc) and 

explanations that have not been considered; either not considered at all, or considered but not 

qua explanations. We should, I claim, assign high degrees of confidence to these. This is because 

of both the history of cases of this kind in science and the specifics of the present case. This is 

the single most important factor in driving up the value of the Relevant Proposition and so 

rejecting LH. 

 

Scientific history suggests that when the existing menu of explanations of some phenomenon 

appears unsatisfactory, we should, absent a defeater, assign a non-negligible confidence to an 

‘unconceived alternative’. 17 But how high might this degree of confidence be? One important 

factor in determining this concerns the comprehensiveness of our understanding with respect to the 

 
16 This possibility (i.e. of even one species that possess the capability and intention to colonise the galaxy) is a 
standard problem for simple solutions to discussions of the Fermi paradox. See Cirkovic 2018. 
17 See in particular Stanford 2006. For discussion relevant to the search for extraterrestrial life see Vickers 2020. 
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domain we’re working in. In some domains our understanding is pretty comprehensive. For 

example, suppose that we are trying to determine why a bridge collapsed or some bacteria caused 

a particular illness. Here he space of unconceived alternatives may be pretty small. In other 

domains however our understanding is much less comprehensive and so the space of 

unconceived alternatives is larger. When it comes to ‘Oumuamua this is surely the case. Our 

understanding of what one might find outside our solar system and how it will behave is limited 

and so the space of unconceived alternatives is rather large. This is an important point – if a 

largely unstated one - in how the mainstream scientific community have responded to LH. In 

private correspondence, an astronomer – and critic of LH - provides a nice example of this. 

They write: 

 

 One example:  Shape:  we have never seen anything this size that is this long 

or this flat.  True. What [LH] leaves out is that we have almost never studied things this 

size before because they are too faint and / or the investment in telescope time has not 

been deemed worthwhile.  The first time anyone saw the moon of Saturn (Pan) - it was 

*bizzare*...  We had *never* seen anything like it and had no theories of formation.... until 

a lot of people did simulations and developed theories that could reproduce the shape. 

[REDACTED] 

 

The basic point comes across clearly. We have good, recent inductive reason to take seriously 

that there is a substantial space of unconceived alternatives. 

 

The above quotation also points us in the direction of a second factor of relevance to our degree 

of confidence in an unconceived alternative. It is not only the size of the space of unconceived 

alternatives that matters, but also how nearby in that space an option would have to be in order for 

it to explain the target phenomenon. To see this, think about why Pan in particular is used as an 
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example in the above quotation. Not only had we had never seen anything like it (Pan) before 

but it is, from one angle, a flat-ish pancake shaped object. It is a bit like ‘Oumuamua. The point 

is not that ‘Oumuamua’s shape is therefore less peculiar (though one may try to argue in that 

way); it is rather that the space of unconceived alternatives that astronomers are optimistic about 

finding the secret to ‘Oumuamua within is not that far away from the options we have already 

conceived of. This means a fairly conservative scientist could be confident of the answer existing 

within that space; it wouldn’t require radical revision of existing theories or some new 

fundamental discovery. So there are two factors at work here. Each should drive up confidence 

in an unorthodox (natural) alternative explanation of ‘Oumuamua. One is that the space of 

unconceived possibilities is large. The other is that we should have some confidence that we only 

need to look relatively nearby within that space to find our answer.  

 

Taken together, the arguments of i. and ii. explain why I am confident in the falsity of LH. They 

also provide the background against which we can read the scientific community’s response to 

LH; a response that I found somewhat puzzling in the previous section. Firstly, we should note 

that establishing the superiority of a natural explanation doesn’t require raising our confidence in 

it very much. This is because, as I have argued above, a default negligible prior confidence in the 

alternative (i.e. encountering an extraterrestrial artefact in our solar system) is warranted. Given 

this, any facts that increase confidence in orthodox natural explanations at all - for example, that 

natural non-gravitational acceleration without noticeable outgassing has been detected in even 

one large body beside ‘Oumuamua – is highly significant. Secondly, some of the more 

speculative suggestions about ‘Oumuamua’s behaviour and properties mooted by both the ISSI 

‘Oumuamua Team and Seligman et al can be understood as pointing toward the fact that we 

should be optimistic about finding the secret to ‘Oumuamua in the space of non-orthodox, 

unconceived alternatives (think for example about the claim that Oumuamua could have a high 

ration of water to carbons due to repeated passages around its home star).  
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Against this background we can make sense of how the scientific community’s response to LH 

hits its mark. Of course, I cannot say for sure whether the ISSI ‘Oumuamua Team, Seligman et 

al – and others – do interpret their arguments in this way. Perhaps they do not. It is, however, a 

good way in which they could think about them. This would help to make their case against LH. 

 

5. Objections and Responses 

 

Consider now two objections on behalf of LH. The first is that I have largely bypassed a key part 

of the case for LH; the ‘solar sail hypothesis’. This is the view that ‘Oumuamua’s behaviour is 

well explained by supposing it to be a solar sail: an artificially constructed piece of flat, thin 

material accelerated by solar radiation. My argument has almost entirely neglected this, focusing 

instead on a different aspect of the case for LH; the rejection of natural explanations. By 

focusing in this way perhaps I have mis-treated LH. This worry can be strengthened. In 

September 2020 Pan STARRS discovered another peculiarly shaped object accelerated outwards – 

though not in this case, travelling with sufficient velocity to leave the solar system - by solar 

radiation (with no outgassing). Its behaviour was, then, in many respects similar to ‘Oumuamua. 

This object - 2020 SO – turned out to be a piece of space junk (leftover from the lunar crash of 

Surveyor 2 in 1966). This is taken by defenders of LH to support their hypothesis.18 The 

reasoning is as follows: the ‘Oumuamua-like behaviour of this object was in fact explained by its 

being artificial in much the same way that LH proposes that ‘Oumuamua’s behaviour should be 

explained. So we should have some confidence that LH’s explanation was along the right lines. 

 

 
18 This point was made to me in private correspondence [REDACTED] 
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This objection is not sufficient to render LH competitive. To see this we should distinguish 

between the following claims:  

 

(C) ‘Oumuamua’s behaviour is consistent with that of an artificial solar sail. 

(D) The artificial solar sail explanation is a good – perhaps even the best - explanation of 

what ‘Oumuamua is. 

 

There are some question marks over (C), but let’s set them to one side.19 It is (D) that a defender 

of LH would need. And getting from (C) to (D) requires a lot of work; work of just the kind that 

I have raised doubts about earlier. Firstly, it requires showing that an extraterrestrial artefact is 

likely to pass through our solar system. Secondly, it requires showing that this supposition fares 

better than the alternatives – including the unconceived alternatives - that don’t require it to be 

likely that an extraterrestrial artefact pass through our solar system;. These are exactly the kinds 

of claims that, I have argued in previous sections, a defender of LH is not entitled to. So the 

solar sail hypothesis doesn’t really advance the case for LH. It is worth making a further remark 

about this. Some of the appeal of the solar sail hypothesis undoubtedly comes from the fact that 

the kind of technology required to manufacture such an artefact is modest. Again, Loeb is quite 

upfront about this. LH doesn’t require wild speculations about super-advanced extraterrestrial 

technologies. This is of course true, but it would be mistaken to think it greatly advances the case 

for LH. The fact that there are some hypotheses about extraterrestrial intelligences that we 

should have even lower confidence in than LH - i.e those involving wild speculations about 

super-advanced extraterrestrial technologies - doesn’t mean that we should have a high 

confidence in LH.  

 
19 The ISSI ‘Oumuamua Team note that the solar sail hypothesis could explain ‘‘Oumuamua’s smooth non-
gravitational acceleration only if the sail were directly facing the sun for the duration of its period of acceleration. 
Yet we know that ‘‘Oumuamua experienced significant rotation given its brightness variations, as observed from 
earth. 
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Consider a second objection. Perhaps I have failed to properly factor in the conservatism of the 

scientific community with respect to hypotheses about the extraterrestrial life and intelligence. 

That there is a conservatism of this kind and that it is problematic is a prominent feature of 

Loeb’s case for LH. He writes:  

 

Scientific progress has been stifled many times over the years because the gatekeepers who 

established and enforced orthodoxy believed they knew all the answers… Unfortunately, the 

humility accompanying our… learning experience is, as in the case of ‘‘Oumuamua, 

sometimes forgotten out of hubris… exercised by… scientists who declare victory 

prematurely and assume a line of inquiry has reached its end. 

2021, 103 

 

Loeb’s point is that this historical pattern – of rejecting unorthodox explanations like LH out of 

mere conservatism or hubris – may have repeated itself with respect to ‘Oumuamua. We should 

take this seriously. That contemporary science has a tendency towards conservatism – in funding 

and publication – has been argued quite independently.20 And, as Loeb himself has noted, there 

is undoubtedly a general air of scepticism around explanations in terms of extraterrestrial 

intelligence given the associations with conspiracy theories and so forth. Perhaps my argument 

against LH in the previous section builds in some of this prejudice.  

 

Again this objection is not convincing. This first reason for this is that Loeb’s accusation of the 

premature foreclosing of options in the sciences – both in terms of funding and of the 

considerations of speculative, non-mainstream hypotheses - cuts both ways. It would be 

 
20 Stanford 2019. 
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premature to assume that all artificial explanations are false but it would also be premature – and 

much more obviously so – to assume that we have a good grasp on all of the natural phenomena 

that we might encounter in the great beyond. That point was made in the previous section in 

arguing for the assignment of a reasonably high value for an unorthodox, unknown explanation. 

The second reason is that while it is problematically conservative to reject – or otherwise 

negatively assess - an hypothesis merely because it is not the received one, that’s not what’s 

happening in the rejection of LH. The reason that nonorthodox and unconceived natural 

explanations are being considered is that some confidence in these alternatives is inductively 

well-confirmed and, further, the space of possibilities for unconceived alternatives is large and 

nearby. Similarly, the low confidence that it is reasonable to have in an extraterrestrial artefact 

appearing in our solar system is not the result of conservatism in a problematic or prejudicial 

sense. It is merely a sensible approach given our current information. Furthermore, the statistical 

test used to further illustrate this point worked with high upper-limits for the values of each of 

the relevant variables (and did not conditionalise those values on the lack to-date of any 

detection). 

 

6. Assessing Hypotheses about Extraterrestrial Intelligence 

 

LH is a specific high-profile instance of a more general hypothesis: that extraterrestrial 

intelligence best explains some astronomical phenomenon. Consider the following two 

additional - recent, real-life - examples: 

 

KIC 8462852: In 2015, the Kepler space telescope discovered an unusual pattern of light 

variation (‘flickering’) on star KIC 8462852; a pattern not readily explained by the 

obscuring of the star by a sufficiently large orbiting planet. It was hypothesised that the 
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unusual light pattern was caused by enormous, artificial light absorbing structures known 

as ‘Dyson spheres’.21 

 

FRB’s: In 2019 the Canadian Hydrogen Intensity Mapping Experiment (Chime) detected 

thirteen ‘flash radio bursts’ (FRB’s) in a regular distribution pattern at unusually low 

frequencies. It was hypothesised that the bursts were caused by powerful, artificial, 

extraterrestrial radio transmitters.22 

 

Our discussion of LH can be used as base from which to generalise when assessing the exotic 

hypotheses made in these kinds of case. There is a common structure to all three: 

 

i. A phenomenon (‘Oumuamua, the shading on KIC 8462852, the radio bursts) is 

observed; 

ii. The observational basis is fairly limited or poor; 

iii. There is no readily available and fully satisfactory natural explanation of the observed 

phenomenon given our current knowledge; 

iv. There is some type of previously-discussed artificial source (solar sails, Dyson 

spheres, radio transmitters) that is consistent with the observed phenomenon 

v. That artificial source is proposed as the explanation. 

 

The preceding discussion of ‘Oumuamua allows us to formulate a general approach to cases of 

this kind. In each we need to assess the following proposition, which should be recognisable as a 

generalised version of a proposition discussed earlier:  

 

 
21 See e.g. Dyson 1960 and Ksanfomality and Tavrov 2017.  
22 See e.g. The CHIME/FRB Collaboration 2019. See also Lingam and Loeb 2017a and Loeb 2020. 
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The Relevant Proposition Generalised: The sum of our confidences in both the orthodox and 

unconceived natural explanations of the target phenomenon, given that the alternative is 

an extraterrestrial artefact of a particular kind. 

 

The foregoing discussion of ‘Oumuamua points us in the direction of some important 

considerations when determining this value. One is the availability of unconceived natural 

explanations of the target phenomenon. As we saw in the case of ‘Oumuamua, both the size of 

the space of unconceived alternatives and the proximity of good candidates within that space, are 

relevant to determining the degree of confidence we should have. Certainly, when it comes to 

both KIC 8462852 and FRB’s the size of that space is very significant indeed; much more so 

than with ‘Oumuamua. A second such consideration is the candidate extraterrestrial artefact 

itself. How much confidence should we have in finding this kind of thing whatever it may be? It is 

difficult to answer this without entering into unhelpful speculation but we can perhaps make 

some comparative claims. The construction of a ‘Dyson Sphere’ as in KIC 8462852 or a 

sufficiently powerful radio transmitter as in FRB’s would surely require significantly more of any 

species than the construction of an ‘Oumuamua-sized solar sail. Anything that could make the 

former could make the latter but not vice-versa. All else equal then, the confidence we should 

have in the existence of Dyson spheres and sufficiently powerful radio transmitters is probably 

lower than the confidence we should have in ‘Oumuamua-sized solar sails. 

 

These brief remarks point in the same unsurprising direction: that the hypothesis that the 

relevant phenomenon is best explained by extraterrestrial intelligence is even worse in the cases of 

KIC 8462852 and FRB’s than in the case of ‘Oumuamua. Of course, this does not mean that 

there could be no circumstances in which some such hypothesis could come to look competitive. 

Suppose for example that we had been able to observe ‘Oumuamua’s properties more clearly, 

that it appeared as a perfect cube, that it emitted radio signals with a regular pattern, accelerated 
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to half the speed of light, and so on. The Relevant Proposition Generalised – and everything I 

have said so far - is perfectly compatible with confidence that this kind of thing would be the 

real deal.23 There are a number of obvious  

 

Let us then return to a claim referenced in the introduction; Seth Shostak’s remark that, with 

scientific and technological developments we could be reasonably optimistic about detecting 

signals within decades. Some of the points made in discussing LH can help us to think a bit 

more systematically about the kinds of developments that might help to this end. It isn’t just a 

matter of building bigger telescopes that can see (and listen) further. In discussing LH we saw 

that one of the barriers to reasonable confidence in such an exotic hypothesis is the existence of 

a large space of unconceived alternatives. To the extent that we can form a more complete and 

well-confirmed picture of the (astro)physical universe around us, this space shrinks and the 

proximity of viable options within it increases. So narrowing the space for unconceived 

alternatives should be a priority for SETI enthusiasts. A corollary of this, of course, is that in 

gaining the astronomical knowledge and understanding that allows us to narrow this space we 

will likely lower number of cases in which we are genuinely unable to provide orthodox natural 

explanations of any target phenomenon.  

 

A second even more intriguing development that could in the near future help to bolster 

Shostak’s optimism may come from the ongoing searches for evidence of microbial life in our 

solar system, most obviously Perseverance’s current search for fossilised life in the ancient 

aqueous environments of Mars. Suppose that this mission succeeds. This could dramatically shift 

reasonable confidence with respect to the sheer quantity of life in the universe upwards. A 

significant enough increase in this confidence could, in turn, shift confidence with respect to the 

 
23 Another interesting case concerns the identification of pollutants in exoplanet atmospheres. See Lin et al 2014. 
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quantity of detectable life too. The result would be to push up the prior value for encountering 

extraterrestrial artefacts.24 This is of course speculative. It is contestable both whether finding 

microbial life in our solar system should lead to upwards revisions of estimates about the 

preponderance of life in the universe as a whole, and whether any such revisions should drive up 

confidence in finding detectable or artefact manufacturing life.25 These are interesting questions 

for another day. My point is simply that there are some interesting respects, highlighted by the 

foregoing discussion of LH’s failure, in which scientific and technological progress could 

contribute to optimism about the ongoing search. 

 

7. Conclusion 

 

Focusing on argument structure can help us to see why it is reasonable to have a high confidence 

in natural explanations of Oumuamua. This is intended as a helpful philosophical supplement to 

core work in astronomy. Some of the lessons from this generalise. Perhaps this will allow us to 

better assess ‘the next Oumuamua’. Philosophy has always attempted to engage with ‘the big 

questions’ There is arguably none ‘bigger’ than whether we are alone in the universe. I hope to 

have shown how philosophers can engage fruitfully with this question today. 
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