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ABSTRACT20

Old, digitized astronomical images taken before the human spacefaring age offer a rare glimpse of the21

sky before the era of artificial satellites. In this paper, we present the first optical searches for artificial22

objects with high specular reflections near the Earth. We follow the method proposed in Villarroel23

et al. (2022) and use a transient sample drawn from Solano et al. (2022). We use images from the24

First Palomar Sky Survey to search for multiple (within a plate exposure) transients that, in addition25

to being point-like, are aligned along a narrow band. We provide a shortlist of the most promising26

candidate alignments, including one with∼3.9σ statistical significance. These aligned transients remain27

difficult to explain with known phenomena, even if rare optical ghosting producing point-like sources28

cannot be fully excluded at present. We explore remaining possibilities, including fast reflections from29

highly reflective objects in geosynchronous orbit, or emissions from artificial sources high above Earth’s30

atmosphere. We also find a highly significant (∼22σ) deficit of POSS-I transients within Earth’s shadow31

when compared with the theoretical hemispheric shadow coverage at 42,164 km altitude. This deficit32

is still present though at reduced significance (∼7.6σ) when a more realistic plate-based coverage33

is considered. This study should be viewed as an initial exploration into the potential of archival34

photographic surveys to reveal transient phenomena, and we hope it motivates more systematic searches35

across historical datasets.36

Keywords: Classical Novae (251) — Ultraviolet astronomy(1736) — History of astronomy(1868) —37

Interdisciplinary astronomy(804)38

1. INTRODUCTION39

Digitized sky surveys have broadened the time window in which we can study changes in the sky. Programs such as40

the Digital Access to a Sky Century at Harvard (DASCH; Grindlay et al. 2012), the Digital Sky Survey1 (DSS), the41

1 https://archive.stsci.edu/cgi-bin/dss form/

https://archive.stsci.edu/cgi-bin/dss_form/
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Ukraine Virtual Observatory (JDA UkrVO; Vavilova et al. 2012, 2017), and Carte du Ciel, provide images of the sky42

spanning not just a few decades but, in some cases, over 150 years.43

While photographic plates are no longer used for large astronomical surveys—having been replaced by significantly44

faster and more sensitive CCDs—the archival images still serve important scientific purposes. For example, they allow45

studies of long-term variability of astronomical sources over timescales of decades or even a century, assuming the46

object is bright enough to be detected.47

Another use of these archives is to search for vanishing stars and other transients. In the Vanishing & Appearing48

Sources during a Century of Observations (VASCO; Villarroel et al. 2016, 2020a) project, images of the sky taken49

in the early 1950s, prior to the first anthropogenic satellite, are compared with modern surveys to identify possible50

sources that may have disappeared. VASCO employs two complementary approaches: first, an automated procedure51

(Solano et al. 2022) that searches digitized image data from the First and Second Palomar Sky Surveys (POSS-I52

and POSS-II) for transients; and second, a citizen science project (Villarroel et al. 2022) where volunteers classify53

potentially interesting objects. These efforts are facilitated by the Spanish Virtual Observatory2 and its software54

tools. The VASCO program has resulted in the cataloguing of many thousands of unknown transients, visible only55

within a single plate exposure (Solano et al. 2022; Villarroel et al. 2022).56

An intriguing finding from the VASCO project was presented in Villarroel et al. (2021): nine faint, star-like objects57

that appeared and vanished simultaneously on a 1950s POSS-I plate. The central transient was first identified during58

the visual vetting of 24,000 candidates with small cutout images of fix size, yielding ∼ 100 vanishing star-candidates,59

see Table 2 of Villarroel et al. (2020a). In a subsequent follow-up of these 100 transients, the image containing nine60

transients was discovered. The nine transients were not visible on another plate taken half an hour earlier, nor on a61

third plate six days later. All known astrophysical explanations were considered but deemed implausible. The surface62

density of such transients was too high to be attributed to any known natural phenomenon. Whether this was due to63

unknown contamination on the plate with coincidentally star-like defects or a genuine astronomical observation remains64

unresolved. If real, one explanation could be that they were caused by solar reflections off flat, highly reflective objects65

in geosynchronous orbit (GSO) around the Earth. Nevertheless, the nine transients on their own are ambiguous,66

particularly since they are located near the plate edge, where defects are known to accumulate (Hambly & Blair 2024)67

and where other round objects can also be found. Yet the finding prompts a provocative question: could some of the68

objects long dismissed as plate defects actually represent reflections or emissions from artificial sources? And, more69

generally, can pre-Sputnik plates serve as a search domain for non-human artificial objects?70

Finding such objects in pre-Sputnik data, would represent a significant discovery with far-reaching implications for71

both astronomy and humanity, including the possibility of non-terrestrial artifacts (NTAs). It also bears directly on72

the scientific investigation of Unidentified Anomalous Phenomena (UAPs), formerly known as Unidentified Flying73

Objects (“UFOs”)—a subject that, after decades of stigma, is now gaining serious academic attention, as highlighted74

in the recent review by Knuth et al. (2025) in Progress in Aerospace. Clarifying the origin of these transient events75

is therefore not only of astrophysical interest but also of potential importance for one of the most enigmatic and76

consequential questions facing science today.77

To add to the intrigue, Solano et al. (2023) recently reported a bright triple transient event occurring on 19 July78

1952, found among a set of ∼5000 short-lived POSS-I transients (Solano et al. 2022). This highly curated data set,79

in which diagnostics based on photometry and morphometric parameters have been carefully applied to the sample80

to reduce false positives (e.g. plate defects), suggests that the phenomenon of multiple transients can be found even81

when stringent diagnostic criteria are applied. As in the earlier case with the nine transients, the objects appeared82

and vanished within a single 50-minute exposure. Their brightness (r ∼ 15 − 16 mag) makes contamination less83

likely. Notably, this particular event coincides in time with one of the most extensively documented aerial anomalies84

in historical records: the Washington D.C. ”UFO flap” of July 1952, which unfolded over two consecutive weekends85

(July 18–19 and 26–27). While this may be a coincidence, the temporal proximity invites further scrutiny — especially86

given the rarity of both phenomena. In a separate study Bruehl & Villarroel (2025), we investigate possible statistical87

associations between historical UAP reports and VASCO transients, and find preliminary evidence of a temporal88

correlation at the ∼3σ level. While such a finding does not imply causation, it raises the possibility that certain89

anomalous aerial observations recorded in the pre-satellite era may have had physical counterparts observable in90

deep-sky imaging.91

2 http://svo.cab.inta-csic.es

http://svo.cab.inta-csic.es
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Given the unusual nature and potential implications of these events, it is essential to test the hypothesis that some92

transients arise from reflective artificial objects in Earth orbit, and that certain point-like features long dismissed as93

plate defects may in fact be solar reflections from artificial surfaces. Searches for extraterrestrial probes were proposed94

as early as the 1960s (Bracewell 1960), but to date only a few searches for NTAs have been attempted or proposed95

(Freitas & Valdes 1980; Valdes & Freitas 1983; Haqq-Misra & Kopparapu 2012).96

In a previous white paper, Villarroel et al. (2022) proposed a methodology to search for solar reflections from artificial97

objects in geosynchronous orbit using photographic plates from before the satellite era (pre-1957). One key signature98

is the presence of several point-like transients that are aligned along a line within a single exposure. A statistical99

framework was also developed to assess the significance of such alignments.100

In this paper, we carry out that test. We apply the published methodology and statistical framework to a published101

sample of POSS-I transients from Solano et al. (2022).102

We identify several promising candidates and examine them in detail in Section 5. Assuming the events are real, we103

use the aligned transients to infer the possible geometry and surface density of reflective objects near geosynchronous104

orbit (GSO). We also perform a statistical test to evaluate whether sunlight is required to produce these transients,105

based on their detection rate within Earth’s shadow. Finally, we discuss prospects for detecting similar objects in106

modern digital sky surveys.107

2. PLATE DEFECT OR TECHNOSIGNATURE?108

One of the core challenges in our work is the contamination of photographic plates by artifacts that may mimic109

astronomical sources. Apparent transient events in these plates often present a case of degeneracy—where genuine110

astrophysical signals and mundane defects can appear strikingly similar. Certain plate defects are known to resemble111

stellar profiles (Greiner et al. 1990), and distinguishing them from authentic observations remains a non-trivial task,112

even when full-width-half-maximum (FWHM) comparisons are applied. Moreover, defects can cluster near plate113

edges, and vignetting or uneven development may further confound interpretation. Nevertheless, visual inspection and114

photometric profile analysis remain indispensable tools in this early phase of exploration.115

Rigorous diagnostics with quantitative measurements are central to any search for genuine transients in photographic116

plates, as overly permissive criteria inevitably admit large amounts of noise. For that reason, we shall use carefully117

selected transient samples in Solano et al. (2022), which average 167 transients per plate and have been matched to118

several modern surveys to remove variable stars, asteroids, and comets.119

It is scientifically untenable to assume that all candidates are either authentic transients or all defects. A reasonable120

working assumption is that both populations are present in some unknown proportion. From this perspective, even a121

single authentic detection among many contaminants would validate the effort and warrant continued search.122

This degeneracy is intrinsic to any attempt at identifying non-terrestrial artifacts (NTAs) in archival material. Two123

primary examples illustrate this problem:124

1. Narrower FWHMs and rounder profiles: Hambly & Blair (2024) interpret slightly more concentrated, round125

profiles as signs of spurious detections and makes an example with Villarroel et al. (2021). However, atmospheric126

seeing and short-lived (sub-second to few-second) optical events are also expected to produce narrower FWHMs127

than long-exposed stars (Tokovinin 2002; Villarroel, Solano & Marcy 2025). Thus, profile sharpness alone cannot128

conclusively distinguish between artifact and astrophysical origin. We note, in passing, that Hambly & Blair129

(2024) have not attempted to apply their analysis to the triple transient reported by Solano et al. (2023), which130

might have provided a more stringent test of their conclusions.131

2. Spatial distributions: A high number density of transient-like features in one region could be mistaken for132

evidence of poor plate quality. But the number density of transients on a plate is not diagnostic. If NTAs exist in133

coordinated swarms, these swarms could span tens of square degrees, easily covering entire plates, while a grid of134

NTAs could cover the entire sky 3. In ambiguous and uncertain cases—such as the plate analyzed in Villarroel et135

al. (2021)—additional transients or artifacts may surround the nine candidates (see Supplementary Information136

of mentioned paper). Their presence illustrates the degeneracy problem: authentic events may coexist on the137

same plate as numerous star-like defects, which makes it essential to apply independent diagnostics such as138

alignment statistics and Earth’s shadow tests.139

3 See e.g. Patrick Jackson’s sphere network: https://www.amazon.com/Sphere-Network-Mr-Patrick-Jackson/dp/B0DXF1RGL6
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Because of the ambiguity in these early cases, we advocated for more targeted searches in Villarroel et al. (2022),140

emphasizing particularly multiple transients aligned along a line—where statistical analysis can decisively test whether141

such configurations occur by chance.142

Moreover, the temporal correlations between the 1950s transients and both the Washington 1952 UFO events and 124143

U.S., Soviet, and British nuclear weapons tests deserve serious attention. Even if individual events remain uncertain,144

Bruehl & Villarroel (2025) shows statistically significant correlations between subsets of the transient sample in Solano145

et al. (2022) and historical nuclear activity and aerial anomalies. This alone contradicts the idea that the entire sample146

consists of plate defects.147

Finally, one of the most revealing tests involves Earth’s shadow. No matter how asymmetric or irregular the148

distributions of plate defects may be, they have no plausible reason to avoid the Earth’s shadow. In contrast, transients149

associated with solar reflections would. This shadow test provides a crucial empirical lever to distinguish between150

physical reflections and random defects—and remains an essential part of any validation framework moving forward.151

In this paper, we rely on hypothesis testing across large samples — assessing statistical correlations, spatial align-152

ments, and Earth-shadow sensitivity — offering a robust framework that remains valid even in the presence of substan-153

tial stellar-like contamination. In the future, we aim to use AI-driven methods to filter out transients that resemble154

plate defects or occur in problematic regions of the plates, and to establish an upper limit on the fraction of objects155

that may represent NTAs. For now, we will use the simplest methods to search for candidates that show signs of solar156

reflection.157

3. PREDICTIONS AND EXPECTATIONS158

Natural transients occur at a rate several orders of magnitude lower than glints from artificial objects. Even detecting159

two natural transients within a few arcminutes of each other during a one-hour exposure is extremely unlikely.4160

In contrast, glints caused by solar reflections from flat, highly reflective surfaces at high altitudes—such as geosyn-161

chronous orbits—could result in multiple, simultaneous point-like transients during a single long-exposure image. If162

the glints originate from the same object, they may appear aligned along a narrow band or straight line. In simple163

geometries, the glints could be equidistant and of similar brightness. However, more complex surface structures may164

lead to irregular spacing and variable flux (e.g. Nir et al. 2020; Villarroel et al. 2022). Also objects flying in formation165

or coordinated swarms, might be found along geometric patterns.166

Multiple transients in a single image are frequently detected in modern automated surveys. Nearly all transients167

with durations shorter than 0.5 seconds are caused by this phenomenon, often originating from satellites or space168

debris (e.g. Corbett et al. 2020; Nir et al. 2020). These events typically have apparent magnitudes of r ∼ 9–11. The169

rate of such artificial glints can reach ∼1800 events hour−1 sky−1 near the equator (Corbett et al. 2020), which would170

overwhelm any comparable phenomena in modern surveys unless specifically targeted. The red POSS-I plates, reaching171

r ∼ 20 magnitude with ∼50-minute exposures, are still capable of detecting glints as short as 0.5 seconds, although172

the flux is diluted by approximately 9 magnitudes.173

Plate defects, by contrast, are expected to be randomly shaped and distributed. The chance that several defects174

simultaneously mimic star-like point sources and align along a narrow band is small. The method proposed in Villarroel175

et al. (2022) identifies ”simultaneous transients” that appear within the same long-exposure photographic plate and176

are additionally aligned within a narrow tolerance. This alignment criterion helps distinguish potentially artificial177

signals from random celestial or instrumental sources.178

For example, an image with nine transients inside a 10 × 10 arcmin2 box may exhibit a 4-point or 5-point alignment,179

with a statistical significance between 2.5σ and 3.9σ depending on the geometry. For exact probabilities, we refer the180

reader to Section 5 in Villarroel et al. (2022), which uses the statistical framework developed by Edmunds (1981);181

Edmunds & George (1985). Even 3-point alignments may be considered when the total number of transients in a region182

is low. Alignments with the lowest probability of occurring by chance should be prioritized for further examination,183

though not interpreted as conclusive evidence of geosynchronous reflections.184

Taken together, these considerations show that the occurrence of aligned, simultaneous transients on photographic185

plates is an excellent candidate signature of reflective orbital objects, especially in the absence of natural or instrumental186

explanations.187

4 We consider the probability of detecting a transient within 1 hour in the POSS-I survey, based on Solano et al. (2022), who identified
298,000 transients over 780 hours of exposure. The chance of finding one transient in a 10 arcmin2 box in one hour is approximately
∼0.0016. The probability of two such transients appearing in the same box is then p ∼ 10−6.
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Table 1. Candidates. Total number of aligned transient candidates identified in each sky region. r is the number of aligned
points. Note that r ≥ 4 and r ≥ 5 are subsets of r ≥ 3. R.A. and Dec. are in degrees.

Region r ≥ 3 r ≥ 4 r ≥ 5 r ≥ 6

0 < R.A. < 100, 0 < Dec. < 90 22 5 – –

100 < R.A. < 200, 0 < Dec. < 90 18 7 – –

200 < R.A. < 300, 0 < Dec. < 90 32 6 1 –

300 < R.A. < 360, 0 < Dec. < 90 11 2 1 –

Total 83 20 2 0

While alignments of multiple transients provide a statistically robust signature, it is important to note that most188

glints caused by solar reflections are expected to appear as single, isolated transients on a photographic plate. This189

follows naturally from the geometry of specular reflection, where a glint is only visible when the orientation of a rotating190

object briefly aligns with the observer and the Sun. Assuming a large population of such objects in geosynchronous191

or higher orbits, the majority of events will not repeat and will appear on a single plate only. These point-like flashes192

may still exhibit perfect PSF shapes and are typically absent in Earth’s shadow, further distinguishing them from193

both natural and instrumental phenomena. Although individual transients carry less statistical weight, the overall194

rate and behavior of such events can still be used to identify a non-natural origin. As shown in Villarroel et al. (2022),195

statistical models incorporating both aligned and non-aligned transients offer complementary routes for detecting196

technosignatures in historical data.197

4. METHODS & SELECTION198

We base our analysis on the catalog of 298,165 short-duration transients presented in Solano et al. (2022), detected in199

red POSS-I plates with typical exposure times of 45–50 minutes. These transients were identified using an automated200

pipeline developed as part of the VASCO project. For full details on the detection methodology, data characteristics,201

and vetting steps, we refer readers to Solano et al. (2022).202

From this dataset, we search for spatial groupings of transients within square boxes of varying sizes, typically ranging203

from a few arcminutes up to 20–30 arcminutes per side (see typical sizes in Table 2). For each group, we evaluate204

whether the positions of the transients fall along a straight line (or more precisely a narrow band), within astrometric205

uncertainties.206

We quantify the degree of alignment using the Pearson correlation coefficient α between right ascension and decli-207

nation. We retain only those candidate alignments where α > 0.99. We note that the correlation is computed without208

applying a cos(δ) correction to right ascension. Given the small angular separations involved, this has a negligible209

effect on the ranking of candidate alignments.210

Table 1 summarizes the number of aligned groups found with r ≥ 3, r ≥ 4, r ≥ 5, and r ≥ 6 transients, respectively.211

Because the search boxes vary in size, the number of transients per group is not directly comparable across cases.212

All 83 candidates are presented in the Appendix. Visual inspection reveals that duplets and triplets are relatively213

common. However, rather than evaluate every alignment with N ≥ 3, we focus on higher-confidence candidates with214

at least four aligned transients.215

Many POSS-I plates have been scanned by both DSS and the SuperCOSMOS Sky Survey (Hambly et al. 2001).216

Since SuperCOSMOS images generally offer higher spatial resolution, we used both sources to verify each alignment.217

We downloaded FITS images for all candidates with N ≥ 4, selecting image boxes that encompass the full alignment.218

In several cases, transients initially appearing as point sources in DSS were revealed—through SuperCOSMOS219

images—to be either scanning artifacts or round defects likely caused by emulsion flaws. Transients absent from the220

higher-resolution scan were excluded from further consideration. We thus retained only those candidates that:221

1. Show at least four star-like transients in a roughly linear arrangement on the DSS scan;222

2. Are confirmed by the corresponding SuperCOSMOS scan. The DSS and SuperCOSMOS scans are independent223

digitizations of the same physical photographic plate, obtained using different scanners, optics, and digitization224

procedures. This means that any object visible in both scans is almost certainly a real feature present on the225

plate emulsion. In contrast, an object visible in only one of the scans is most likely a scanning artifact caused226

by dust on the scanner glass, digitization noise, or compression effects—not a genuine plate defect. We therefore227
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treat agreement between both scans as a strong indicator of authenticity. Furthermore, we note that some objects228

that initially appear point-like in DSS images may exhibit subtle asymmetries or deviate from a stellar PSF in229

the higher-resolution SuperCOSMOS images, leading us to reject them. This procedure helps ensure that the230

remaining candidates are not spurious artifacts introduced during digitization.231

From this refined set, we identify five of the most promising candidates in the northern hemisphere, listed in Table 2.232

There are two key ways the search procedure could be improved:233

• Search area: Objects in geosynchronous orbit (GSO) move at ∼10 arcsec s−1, or about 10 degrees during a234

50-minute exposure. Our current box size (up to 30 arcmin) is conservative and may miss longer alignments.235

• Correlation threshold: The criterion α > 0.99 is unnecessarily strict and excludes mildly curved or non-ideal236

alignments.237

However, relaxing either parameter would drastically increase the number of candidates—potentially into the tens of238

thousands—necessitating substantial manual vetting. To address this, we are developing an expansion of the VASCO239

citizen science platform (Villarroel et al. 2022) tailored to this task.240

5. THE SHORTLIST241

The shortlist in Table 2 shows the candidates. Each candidate is shown in Figures 1 – 5. Here we show only the242

transients themselves to assist the reader. The same images, but showing the actual alignments, can be found in243

Figures 8 – 12. The alignments differ in width; therefore, a dashed double line is shown in some particular cases where244

the width of the stripe is larger than 1 arcsec.245

In some cases - for example, the objects marked with crosses in Candidate 3 and Candidate 5 — it is not certain246

that every transient is a point source, based on inspection of the images. Slight asymmetries in the light profiles are247

present in a few cases, manifesting as mild elongations (from e.g. movement) or qualitative irregularities in shape.248

5 Therefore, the alignment is possibly a combination of transients and plate defects — or objects in the sky within249

our atmosphere. The reader can inspect the high-resolution images from SuperCosmos6. We improve the astrometry250

for the images using the Terapix SWarp procedure. We measure the improved coordinates and the FWHM for each251

transient; see Table 3. The dates are taken from the STScI DSS Plate Server.252

In a few cases, it is possible to derive more than one variant of the alignment — for example, with either a 3-point253

or a 4-point alignment. In such cases, we show both options separately in the images in Figures 8–12. For the cases254

in the shortlist, we estimate the probability of a chance alignment; see Section 6.255

256

6. STATISTICS257

The section below provides a brief recapture of the statistical framework developed in Section 5 of Villarroel et al.258

(2022), where interested readers can explore the details of the framework. It builds on Edmunds (1981) and Edmunds259

& George (1985) which criticized Halton Arp’s quasar alignments. The common critique was that with a large number260

density of objects, alignments will inevitably appear. These papers developed a statistical framework to investigate261

the actual probability of chance alignments.262

For each of the interesting cases we consider the total number N of transient-like objects found in the image field,263

i.e., the area A of the image, and look for r objects aligned within a strip of width pmax and length dmax. Such264

alignments will be referred to as r-point alignments.265

As the area A is different for each case, we can only estimate the expected number of r-point alignments µr within a266

given field A. As suggested in Villarroel et al. (2022), we use the generalised formula from Edmunds & George (1985),267

µr =
π 2r−2 nr pr−2

max A

Γ(r − 1)

∫ dmax

0

xr−1 e−2xn pmax dx, (1)268

5 These asymmetries refer to deviations in morphology, not to the full width at half maximum (FWHM), which varies across the plates due
to well-documented instrumental and photochemical effects. As discussed in Villarroel, Solano & Marcy (2025), the non-linear response of
photographic emulsions causes brighter objects to naturally appear with broader profiles, contributing to the observed FWHM spread.

6 http://www-wfau.roe.ac.uk/sss/pixel.html

http://www-wfau.roe.ac.uk/sss/pixel.html
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where Γ is the gamma function, n = N/A, and all other quantities are as previously defined, with lengths given in269

arcmin and, consequently, the area A is in arcmin2. As in Villarroel et al. (2022) we use, for practical reasons, a270

limiting case of this generalisation,271

µr ≈ π 2r−2 nr pr−2
max d

r
max A

r (r − 2)!
, r = 3, 4, 5, ..., (2)272

which is a good approximation when 2 dmax pmax n ≪ 1 and simplifies the calculations considerably. For the present273

study equations (1) and (2) should yield very similar results, since 2 dmax pmax n ≲ 0.01 for all cases considered.274

We apply equation (2) to calculate the expected number of r-point alignments µr for each case. We include all275

measurements in Table 2. The short list includes both 3-point alignments and 4-point alignments. Since each candidate276

case only has one alignment, the probability is given by the expectation value, P ∼ µr. We can see that several of the277

cases are significantly statistically improbable (3− 4σ) to happen in a single image.278

The probability estimate is also very sensitive to the total number of transients (N) present. This number depends279

strongly on the visual inspection that was made by blinking the POSS-I and POSS-II images in SAOImage DS9, taking280

into account the differences in depth. Any missed transients will change the value of N , and hence the estimated281

probability.282

However, to estimate exactly the total probability Ptot of each single event to happen during our searches, two more283

factors influence the total probability. The first is the probability for obtaining a perfectly 1, 2, ... or N ′ star-like284

plate flaws within the same area of an image. Given the rarity of encountering a star-like plate defect, and even less so285

with a matching FWHM as the normal stars of the same magnitude range in the field, it may be even more unusual286

to encounter 2, or 3, or 4 plate flaws that all have the same coincidental features and this lowers dramatically the287

total probability of the event. The second factor is the total number of multiple transients in our dataset: if there are288

sufficiently many star-like plate flaws causing “multiple transients”, some of these will line up. With an infinite dataset,289

any type of constellations will be found. This factor will, contrary to the first factor, increase the total probability for290

an event to occur.291

Unfortunately, we have no grasp or means of estimating either of the two factors. Therefore, it is easier to examine292

the effect of the choice of pmax on the probability estimates for single images. The choice of pmax depends on the293

science question of interest: are we interested whether the objects are truly aligned or whether they are just non-294

random? Showing non-randomness is all that is needed to argue for the authenticity of the points, but not necessarily295

enough to argue that they truly are aligned as in the case of GSO glints. We use Table 3 to adopt other values of296

pmax, setting it equal to FWHM of the smallest star in an alignment (e.g. for Candidate 1, FWHM = 2.7 arcsec).297

Doing this, we see that all 3-point alignments are non-interesting events with p > 0.05 (less significant than 2σ), with298

an exception of the borderline case of Candidate 2. This shows that for POSS-I data where the seeing in general is299

rather large, 3-point alignments of simultaneous transients do not provide significant proof against randomness. The300

interesting cases are the 4-point and 5-point cases, namely Candidates 3, 4 and 5. Yet, one could argue that without301

an inspection with a microscope one still cannot exclude plate defects.302

However, what makes the events even more interesting is that Candidate 5 occurs on the same date as one of the303

most famous UFO mass sightings in history—namely, the 1952 Washington UFO flap (Villarroel 2024). This could be304

a coincidence. We also note that Candidate 1 occurs within a day of the peak of the 1954 UFO wave. We shall discuss305

this further in Section 10. These additional two coincidences further motivate scrutiny of the plate defect hypothesis,306

especially in light of the combined statistical and contextual factors presented in this study.307

7. ASSESSMENT OF CONVENTIONAL EXPLANATIONS308

The central challenge of this work lies in determining whether the transients represent authentic observations. A309

previous analysis of the multiple transient event in Villarroel et al. (2021) ruled out all known astrophysical origins,310

and most instrumental causes as well. What remains is the possibility of unknown plate contamination or emulsion311

defects that coincidentally resemble star-like shapes, despite their variation in brightness. While gravitational lensing312

by a short-lived transient passing behind an undetected supermassive black hole (SMBH) was proposed in Solano et al.313

(2023), such a model would require an implausibly large population of undetected SMBHs in the Milky Way to explain314

the broader set of events found by VASCO. The phenomenon remains unresolved—now made even more intriguing by315

the discovery that several events are aligned along a narrow band.316

A potential concern is optical ghosts. Ghosts typically exhibit extended or clumpy morphologies and do not match317

stellar point spread functions (PSFs). In contrast, the transients identified in both Villarroel et al. (2021) and the318
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Figure 1. Candidate 1. We show the candidate in SuperCosmos scans of POSS-I red (left) and POSS-II red (right) images
(inverted). Transients are marked with blue circles. The candidate with a measured coordinate is marked with a cross (+).
Pink circles show defects. Also the grey line crossing the POSS-I field is a scanning defect. Four transients are visible in the
POSS-I image, where three follow a straight line. Box size is 10 x 10 arcmin2. See Fig 8 for a version with drawn lines that
shows the possible alignment.

Figure 2. Candidate 2. We show the candidate in SuperCosmos scans of POSS-I red (left) and POSS-II red (right) images
(inverted). Transients are marked with blue circles. The candidate with a measured coordinate is marked with a cross (+).
Four transients are visible in the POSS-I image, where three follow a straight line. See Fig 9 for a version with drawn lines that
shows the possible alignment. Box size is 10 x 10 arcmin2.
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Figure 3. Candidate 3. We show the candidate in SuperCosmos scans of POSS-I red (left) and POSS-II red (right) images
(inverted). Transients are marked with blue circles. The candidate with a measured coordinate is marked with a cross (+) and
might be slightly dubious in shape. Pink circles show defects, both plate defects and scanning defects. See Fig 10 for a version
with drawn lines that shows the possible alignment. Box size is roughly 15 x 15 arcmin2.

Figure 4. Candidate 4. We show the candidate in SuperCosmos scans of POSS-I red (left) and POSS-II red (right) images
(inverted). Transients are marked with blue circles. The candidate with a measured coordinate is marked with a cross (+). See
Fig 11 for a version with drawn lines that shows the possible alignment. Box size is 12 x 12 arcmin2.
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Table 2. Candidate shortlist. We show the most interesting candidates emerging after the visual inspection. In some cases
there could be different possibilities of r-point alignments, e.g. r = 3 or r = 4, and we show both possibilities marked by an
asterisk (*). The given position coordinate corresponds to the transient marked with a cross (+) in each figure.

Candidate shortlist

Candidate Year R.A. Dec. R.A. Dec. r N A pmax dmax µr

(sexag., J2000) (deg, J2000) [arcmin2] [arcsec] [arcmin]

1 1954 02:29:33.71 +28:31:56.98 37.3904454 28.5324936 3 4 10 × 10 1.0 5.8 0.044

2 1955 03:05:42.48 +07:58:29.60 46.4269814 7.9748892 3 5 10 × 10 1.0 3.6 0.010

3 1954 03:08:27.13 +34:40:46.01 47.1130236 34.6794470 3 5 15 × 15 - 16 2.0 9.9 0.194

” ” ”” ” 5* 5 ” 15.0 ” 0.002

4 1954 21:24:39.71 +68:31:30.04 321.1654740 68.5250111 3 6 12 × 12 1.0 5.15 0.049

” - ” ” 4* 6 ” 5.0 ” 0.003

5 1952 19:16:45.76 +51:28:52.40 289.1906854 51.4812217 3 5 10 × 10 1.0 4.0 0.028

” - ” ” 5* 5 10 × 10 10.0 4.0 0.0001

Figure 5. Candidate 5. We show the candidate in SuperCosmos scans of POSS-I red (left) and POSS-II red (right) images
(inverted). Transients are marked with blue circles. The candidate with a measured coordinate is marked with a cross (+). See
Fig 12 for a version with drawn lines that shows the possible alignment. Box size is 10 x 10 arcmin2.

current study were preselected based on their PSF-like properties (Solano et al. 2022), making classical ghosting319

an unlikely explanation. While most optical ghosts on POSS-I plates appear extended or irregular, one might ask320

whether more unusual ghosting patterns — such as point-like reflections — could in principle occur. Modern CCD-321

based surveys using the same telescope (e.g. ZTF, PTF) have documented rare ghost patterns that, under specific322

optical conditions, can mimic point sources at significant angular separations from their parent stars (Waszczak et323

al. 2017; Irureta-Goyena et al. 2025). A dedicated optical modeling effort would be required to fully evaluate such324

hypothetical scenarios, taking into account the different detector areas (CCDs vs photographic plate field sizes) and325

pixel scales. However, such an analysis lies beyond the scope of the present study. Instead, we compare two images326
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Table 3. Measurements. We list the astrometry-improved measurements for the objects inside the green circles in Figures 1
- 5. Objects that are placed inside an alignment are marked with an asteriskm ∗. The central objects presented in Table 2 are
marked with a dagger (†). We show the FWHM in pixel and arcsec, based on SuperCosmos POSS-I images. The SuperCosmos
resolution is 0.67 arcsec pixel−1. The object have an improved astrometry with help of Terapix swarp procedure, using zero-
point calculations with SDSS as a reference field. The r magnitudes are obtained via the photometric procedure described
by Villarroel & Andruk et al. (to be submitted) for DSS scanned POSS-I red plates, building on methods by (Andruk et al.
1995, 2017, 2019). When an object either is too faint or two objects are too close to each other, the photometry code (that
measures R Johnson magnitudes) fails to detect them, meaning we have no photometric information. For these cases, we mark
the magnitudes as Non Available (N.A.).

Candidates 1− 5

Object R.A. Dec. (sexag., J2000) FWHM (pixel) FWHM (arcsec) R

object1 2:29:37.57 +28:36:31.58 4.0 2.7 18.9

object2∗ 2:29:21.38 +28:36:57.89 7.2 4.8 16.6

object3∗ 2:29:21.76 +28:36:49.09 7.6 5.1 17.0

object4†∗ 2:29:33.80 +28:31:56.83 4.1 2.7 18.3

Date of observation= 1954-10-04

Object R.A. Dec. (sexag., J2000) FWHM (pixel) FWHM (arcsec) R

object1 3:05:52.34 +8:00:16.97 3.8 2.5 19.2

object2†∗ 3:05:42.46 +7:58:30.22 10.0 5.7 15.2

object3∗ 3:05:42.81 +7:58:20.56 5.9 4.0 17.9

object4∗ 3:05:50.24 +7:55:33.86 4.4 2.9 18.3

Date of observation= 1955-01-14

Object R.A. Dec. (sexag., J2000) FWHM (pixel) FWHM (arcsec) R

object1∗ 3:08:29.90 +34:31:25.73 6.2 4.2 17.1

object2∗ 3:08:30.72 +34:31:27.44 5.2 3.5 18.1

object3†∗ 3:08:27.42 +34:40:46.00 9.9 6.6 15.4

object4∗ 3:08:27.05 +34:41:13.49 8.1 5.4 16.1

object5∗ 3:08:26.56 +34:41:07.89 6.0 4.0 17.1

Date of observation= 1954-12-21

Object R.A. Dec. (sexag., J2000) FWHM (pixel) FWHM (arcsec) R

object1 21:24:45.51 +68:34:00.29 4.4 2.9 N.A.

object2 21:24:44.59 +68:34:01.20 4.6 3.1 16.6

object3∗ 21:24:47.62 +68:31:58.92 4.4 2.9 17.9

object4†∗ 21:24:39.72 +68:31:31.22 8.9 6.0 15.2

object5∗ 21:24:38.18 +68:31:27.97 5.0 3.4 17.2

object6∗ 21:24:03.94 +68:29:14.36 4.6 3.1 17.8

Date of observation= 1954-08-05

Object R.A. Dec. (sexag., J2000) FWHM (pixel) FWHM (arcsec) R

object1∗ 19:16:51.46 +51:30:24.51 11.0 7.4 13.2

object2∗ 19:16:50.64 +51:30:20.86 12.0 8.0 12.7

object3†∗ 19:16:45.73 +51:28:52.04 7.2 4.8 16.0

object4∗ 19:16:40.13 +51:27:12.85 5.0 3.4 16.3

object5∗ 19:16:40.27 +51:27:06.29 5.5 3.7 16.0

Date of observation= 1952-07-27
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Figure 6. Red vs. blue image of Candidate 5. Comparison between the red (left) and blue (right) DSS images for
Candidate 5. No coincident sources are found in the blue image.

of the same field taken with the same configuration, separated by only 30 minutes: the red and the blue plates for327

the five candidates. This is similar to the case of the triple transient, where stars of about 16th magnitude appear328

and vanish within half an hour, yet are not seen on the corresponding blue plate with similar configuration. The blue329

exposures are significantly shorter, yet we do not see any similar stars or repeating patterns in them, see for example330

Figure 6. This further reduces the likelihood that optical ghosting can explain the alignments, though differences in331

exposure time and in the reflectivities of optical coatings (causing different ghosting levels in different colour bands)332

prevents us from fully excluding it.333

Another concern is photographic plate defects. Historically, astronomers have excluded single-epoch point sources to334

avoid false positives — an approach that also inadvertently eliminate many genuine, short-lived astronomical events.335

For example, Hambly & Blair (2024) argued that the transients reported in Villarroel et al. (2021), despite their336

point-like morphology, are likely emulsion artifacts. This conclusion was primarily based on the finding that the337

transients exhibit slightly narrower full width at half maximum (FWHM) values, on average, compared to normal338

stars. However, the analysis did not account for the known non-linearity of photographic emulsions, which causes339

fainter sources to naturally exhibit narrower profiles. In addition, the “artifact” sample in their study was selected340

using criteria that mirror the VASCO project’s transient selection pipeline, which may introduce circular reasoning.341

Crucially, the study did not consider that sub-second optical flashes are predicted— on physical grounds— to appear342

sharper and more circular than stars in long-exposure plates, due to the absence of atmospheric seeing, wind shake,343

and tracking-induced smearing. These effects are discussed in detail in a dedicated technical commentary (Villarroel,344

Solano & Marcy 2025). To date, no study has systematically quantified the fraction of single-plate detections that are345

authentic transient phenomena versus coincidentally star-like emulsion defects.346

A summary of excluded astrophysical, observational, and instrumental causes is provided in Villarroel et al. (2021).347

Assuming the observed transients are genuine and not artifacts, we turn to alternative physical explanations beyond348

the GSO glint hypothesis.349

Point-like events could result from either reflected sunlight or intrinsic emission. As shown in Villarroel et al. (2021),350

such objects must be located within the Solar System. We consider four broad possibilities: (i) the objects are inside351

Earth’s atmosphere, (ii) they are in low Earth orbit (LEO), (iii) they are in geosynchronous orbit (GSO), or (iv) they352

are located at significantly greater distances.353

If the transients originated from luminous or reflective atmospheric objects, they should leave visible trails over354

the 45–50 minute POSS-I exposures, given that the telescope tracked stars during imaging. Stationary objects would355

also appear streaked. Objects very close to the observer would appear significantly out of focus due to proximity to356
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the focal plane. For instance, an object at 50 km altitude would suffer a defocus of several hundred microns on the357

Palomar 48-inch system, resulting in an extended PSF incompatible with a stellar appearance. Only at altitudes above358

several hundred kilometers would point-like morphology be achievable. This effectively rules out phenomena such as359

red sprites or rare luminous atmospheric events like the Hessdalen phenomenon (Teodorani 2004). The only plausible360

scenario in which multiple objects within Earth’s atmosphere could produce point-like transients without visible trails361

is if they were light-emitting and appeared simultaneously for a split second—brief enough to avoid leaving motion362

blur—before vanishing. However, such objects within the atmosphere would be subject to focal blur. Alternatively,363

they would need to mimic the appearance of stars as seen from Earth. While speculative, such a scenario cannot be364

ruled out a priori and would fall under the category of unidentified aerial phenomena. Some asymmetries observed in,365

for instance, Candidate 5, might still be marginally consistent with high-altitude sources near the upper atmosphere.366

All plausible scenarios would fit with the observations of UAP, see Knuth et al. (2025).367

LEO-based explanations are not impossible, but they are much less likely. PSF-like glints due to short millisecond368

flashes can be produced at any orbit altitude by rapidly-spinning objects. Nevertheless, objects in LEO typically leave369

continuous trails, and explanations involving glints from experimental rockets or missiles at altitudes of 100–200 km370

are improbable due to their rapid motion and constrained illumination geometry. Further, empirical studies based371

on short-exposure CCD surveys (e.g., Corbett et al. 2020; Nir et al. 2020) have shown that most PSF-like glints are372

associated with GSO. However, if an object were capable of actively controlling both its motion and its optical signature373

as perceived from Earth-based observatories, then altitude constraints would no longer apply. Such a scenario would374

imply an engineered system of extraordinary sophistication.375

We also considered more distant origins. As discussed in Villarroel et al. (2021), fast-moving Solar System objects376

such as asteroids will produce trails, while slow-moving ones should appear in multiple images taken close in time.377

Objects like tumbling interstellar bodies (e.g., ‘Oumuamua) would also produce visible trails across long exposures.378

Hence, no known population of Solar System or interstellar objects can explain point-like transients that appear only379

in one long exposure and are entirely absent shortly before and after.380

While we cannot exhaustively rule out all possible explanations, including those not yet imagined, the absence381

of known natural or instrumental causes—combined with the spatial alignment of certain events along a narrow382

band—calls for further investigation. And maybe the simplest way of testing the mechanism behind these flashes, is383

by performing a test that can reveal whether they originate from solar reflections – or if not.384

8. TESTING THE SOLAR REFLECTION HYPOTHESIS385

The VASCO project has identified thousands of short-lived, point-like transients in pre-Sputnik photographic plates386

(Villarroel et al. 2020a; Solano et al. 2022). The multiple transient candidates were found among this general popula-387

tion, with several events sharing similar timescales, morphologies, and apparent magnitudes. It is therefore reasonable388

to treat the multiple transients as a statistically identifiable subpopulation within this broader distribution.389

One possible interpretation for transients is that they are caused by sunlight reflecting off objects with flat surfaces390

in geosynchronous orbits, such as small rotating objects briefly glinting as they pass through a favorable viewing391

geometry (Villarroel et al. 2022). If this interpretation holds, we would expect a significant deficit of such events392

within Earth’s shadow (umbra), where sunlight cannot reach the object to produce a glint. If the transients, on the393

other hand, are caused by their own emission or are due to plate defects, we would expect no deficit in the number394

of transients within the shadow. The method of using Earth’s shadow to filter out reflections is further discussed in395

Villarroel et al. (2025).396

While it is possible to compute the fraction of each photographic plate that lies in Earth’s shadow for any given397

orbital altitude, not all heights are equally meaningful for our analysis. At low altitudes (e.g., below ∼10,000 km),398

Earth’s shadow may cover large fractions of the plates, making any deficit or surplus hard to interpret. While plate399

defects do not respond to the position of Earth’s shadow, the diagnostic power of this test depends on the assumption400

that the shadow is randomly placed with respect to plate geometry and artefact distribution. When the shadow covers401

a large portion of the plate (e.g., >50%), this assumption breaks down, and even a random distribution of artefacts402

will naturally yield an overdensity in the shadowed region. In such cases, the test becomes less sensitive to systematic403

avoidance, making small shadow coverages (e.g., < 5–10%) more reliable.404

Moreover, reflective objects in low orbits tend to move rapidly and would often appear as streaks rather than point-405

spread-function (PSF)-like transients. Since our sample only includes PSF-like detections, it is physically unlikely406

that many of them originate from low Earth orbits, where glints would need to be extremely short-lived (on the order407
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Table 4. Comparison of Earth’s umbral shadow coverage with observed transient fractions in the northern celestial hemisphere
(20,626.5 square degrees). We show the altitude (km), the shadow radius in degrees (θ), the number N of VASCO transients
detected inside the shadow, the shadow area Asph assuming spherical sky geometry (sq. deg), shadow area Apl assuming planar
approximation (sq. deg), expected fraction fsph of transients in shadow using spherical area, expected fraction fpl using planar
area, the observed fraction fobs of VASCO transients in shadow, and the ratio fsph/fobs.

Alt. (km) θ (deg) N Asph Apl fsph fpl fobs fsph/fobs

42,164 8.69 349 237.4 237.2 0.0115 0.0115 0.00328 3.50

80,000 4.57 79 66.0 65.6 0.0032 0.0032 0.00074 4.32

of milliseconds). Nir et al. (2020) show that most sub-second flares are glints of sunlight reflected from satellites in408

geosynchronous and graveyard orbits. For these reasons, we focus our main analysis on altitudes where less than 5%409

of the field is typically shadowed—regions where the shadow behaves approximately randomly, and where reflective410

glints, if present, would be both detectable and physically plausible.411

We use the transient candidates from Solano et al. (2022), but with the additional requirement that they have no412

counterparts within 5 arcseconds in Gaia, Pan-STARRS and NeoWise. Furthermore, we restrict our analysis to objects413

in the northern hemisphere (Dec > 0◦). This yields a sample of 106,339 transients, which we use for our study.414

An important note about the sample is that, contrary to the other transient candidates discussed throughout the415

paper, this sample has not been visually inspected. As such, it is expected to contain a substantial number of false416

positives, including clustered artifacts such as edge fingerprints or other plate defects that contaminate our sample.417

In addition, the spatial distribution of the sample is not isotropic due to inhomogeneous sky coverage in the original418

POSS-1 survey. Some regions of the sky are more densely sampled than others, leading to variation in the overall419

detection density.420

However, these effects do not bias the results of our shadow analysis. The reason is that we are comparing a small,421

well-defined subset of this population—those that fall within the Earth’s shadow cone at the time of observation—with422

the rest of the same population. Since the selection effects and potential false positives affect both the shadowed and423

unshadowed regions similarly, any large and statistically significant difference in detection rates between these regions424

must reflect an intrinsic property of the detections themselves, not an observational bias. Or to express it simply:425

plate defects do not know where the Earth’s shadow is, and have no reason to avoid that region more than any other.426

The fraction of transients expected within the umbra depends on the angular radius of Earth’s shadow at different427

altitudes. We use the software library earthshadow published by Guy Nir published (Nir G. 2024) to estimate the428

size of the Earth’s Shadow at 40 000 km (8.69◦) and 80 000 km (4.57◦). The code determines whether a given point429

at a specified altitude and geographic position lies inside Earth’s shadow, based on the solar angle and the geometric430

configuration of the Sun, Earth, and the object. We apply it to each transient using their J2000 coordinates and431

Julian Dates. We compare the expected and observed rates for two different altitudes capable of producing PSF-like432

transients, namely 42,164 km and 80,000 km. We can calculate the expectations based on how large fraction of the433

northern hemisphere is covered by the shadow, and compare with the observed fractions. We calculate the area in434

two different ways, both based on based on spherical geometry: 2π(1 − cos θ)) as well as planar sky coverage, as an435

approximation. Table 4 shows the results. We note that multiple plates (∼10) fall within Earth’s shadow, so the436

observed deficit is not driven by a single outlier plate.437

To estimate the statistical significance of the difference in transient detection rates within Earth’s umbra at different438

altitudes, we compute Poisson uncertainties for the observed and expected fractions. At 42,164 km altitude, we expect439

N = 1223 transients in shadow out of 106,339 total, corresponding to an expected fraction of fexp = 0.0115± 0.00033.440

However, we observe only N = 349 transients in shadow, yielding fobs = 0.00328 ± 0.00018. The difference between441

these fractions is highly significant, with a significance level of 21.9σ, computed by combining the Poisson uncertainties442

in quadrature:443

σ =
|fexp − fobs|√
σ2
exp + σ2

obs

=
|0.0115− 0.00328|√

(0.00033)2 + (0.00018)2
≈ 21.9.444

At 80,000 km altitude, we expect N = 339 transients in shadow out of 106,339 total, corresponding to a fraction of445

fexp = 0.00319 ± 0.00017. However, we find only N = 79 transients in shadow, yielding fobs = 0.00074 ± 0.000084.446

The difference in these observed fractions is also highly significant, with a significance level of 12.7σ, computed by447
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combining the Poisson uncertainties in quadrature:448

σ =
|fexp − fobs|√
σ2
exp + σ2

obs

=
|0.00319− 0.00074|√

(0.00017)2 + (0.000084)2
≈ 12.7.449

This result further strengthens the conclusion that sunlight is necessary for producing the transient events. The450

strong deficit of transients within the Earth’s umbra suggests that the majority of these events depend on sunlight451

illumination, consistent with the glint hypothesis. This strongly defies the plate defect hypothesis and many of the452

alternative hypotheses presented in Section 7.453

We performed an additional test to estimate the actual fraction of the survey sky that was covered by Earth’s454

shadow during the actual POSS-I observations, and to compare it to the actual observed fraction of transients falling455

within the shadow. The transient sample is based on 635 unique photographic plates, each with a designated central456

coordinate (RA, Dec) in J2000 and a corresponding observation time. Each plate spans 6 × 6 degrees on the sky, as457

listed by STScI. We simulated 180 random points per plate, for a total of 114,300 points. For each simulated point,458

we tested whether it would fall within Earth’s shadow at a geosynchronous altitude (42,164 km) during a 50-minute459

exposure starting from the recorded observation.460

Out of the 114 300 simulated points (180 points per plate), 610 were found to lie within Earth’s shadow, implying461

that approximately 0.53% of the survey area should be shadowed at GSO. However, in our actual transient dataset,462

only 349/107875, 0.32% of the events occur within the shadow, corresponding to a ∼39% deficit, significant at the 7.6σ463

level. We repeated the same procedure at a higher altitude of 80 000 km. In this case, the actual shadow coverage464

drops to (109 / 114300) 0.1%, while the observed fraction of transients (76/107875) within the shadow is only 0.07%465

— a ∼26% deficit, significant at the 2σ level. The simulated points within each plate are used solely to estimate466

the expected geometric coverage of the Earth’s shadow during the exposure time, and are not meant to represent the467

spatial distribution of actual transients. This also suggests that a larger fraction of objects may be located near GSO468

than at 80 000 km, although the limited number of events at 80,000 km makes the comparison statistically uncertain.469

We perform an additional, conservative test on the transients, this time assuming a total exposure time of 50 minutes.470

While our main shadow test assumes that the transient event occurs at a single moment (which is reasonable given471

their short duration), we now test whether the Earth’s shadow passes through the transient’s position at any time472

during a 50-minute window. This increases the chance that the transient would fall within the shadow. We find473

that 387 (0.3587%) are in the Earth Shadow at 42 168 km, and 80 (0.072%) at 80 000km. Even under this generous474

upper limit assumption, where a transient is considered shadowed if the Earth’s shadow passes through its position at475

any during a 50-minute exposure, the deficit remains strong. This result provides robust evidence that the VASCO476

transients systematically avoid Earth’s shadow, consistent with a population of reflective objects that are only visible477

while sunlit.478

The normalization technique presented here is grounded in a direct simulation of shadow coverage based on the479

actual photographic plates used in the survey. Each plate’s position and observation were used to simulate uniformly480

distributed test points across the plate area, allowing us to empirically estimate the expected fraction of the survey481

sky that falls within Earth’s shadow. This approach minimizes assumptions and avoids potential systematic biases482

that may arise from analytical solid angle approximations. To avoid introducing spatial selection bias, we include all483

observed transients in the analysis, including those clustered near the edges of the plates, since plate defects do not484

know where is the Earth’s shadow. As a quick check, nevertheless, we also test by masking edge transients (> 2◦ from485

plate center) to remove all artifacts close to the plate edge. Removing the edge of the plate in the analysis, yields a486

similar ∼30% deficit in Earth’s shadow, though with borderline significance due to the decrease in sample sizes.487

As a note, at low altitudes—where the shadow covers a large fraction of the plate—it is also possible to observe a488

significant overdensity of transients in the shadowed region. This is a natural consequence of the geometric coverage:489

when most of the field lies in shadow, any transient—regardless of origin—is statistically more likely to fall there. Such490

overdensities are therefore not physically meaningful and cannot be used to infer the nature or altitude of the objects.491

We therefore recommend restricting the analysis to altitudes where the Earth’s shadow covers no more than 5% of the492

plate area, in order to preserve the assumption that its placement is effectively random with respect to plate geometry493

and defect distribution.494

An important implication of this analysis is that the total number of glinting objects near geosynchronous orbits495

(GSO) may be significantly underestimated if one only considers the aligned transient candidates, since they represent496

only a minor subset (albeit visually vetted) of the full transient population. Our results suggest that a much larger497
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population of objects capable of producing sunlight reflections exists, as inferred from the full VASCO transient sample.498

This systematic deficit of transients in Earth’s shadow — especially at altitudes where sunlight reflections dominate —499

supports the interpretation that a significant fraction, roughly ∼ 1/3rd of all VASCO transients, are caused by highly500

reflective objects in geosynchronous orbit. However, in order to determine the absolute number of such objects, we501

would need to quantify the true fraction of false positives in the sample—such as artifacts and plate defects—a major502

undertaking that will be addressed in a forthcoming study.503

9. THE GSO HYPOTHESIS504

9.1. Object Properties505

In this section, we discuss the conditions under which reflections from objects in geosynchronous orbit (GSO) could506

produce the observed glints.507

An important question is what types of object shapes and reflective geometries are capable of creating the transient508

signatures observed in the POSS-I plates. A rapidly spinning object may produce multiple glints during a 50-minute509

exposure, whereas a more slowly rotating object might generate only one or two.510

If we assume a fast spin rated interpret the observed stripe length dmax as corresponding to the path traversed511

by the object during the exposure, we can estimate a projected velocity of approximately 0.5 arcsec/s. This is512

significantly slower than the nominal angular velocity of an object at GSO (∼15 arcsec/s). Under these circumstances,513

we might expect additional transients to be visible along the same narrow band, particularly if the image were514

extended. Conversely, if the object spins slowly and has only a few small, highly reflective surfaces distributed across515

a predominantly non-reflective structure, glints may occur only briefly during the exposure, and only at specific516

orientations.517

To explore this further, we use the open-source graphics engine Blender7 to simulate how various 3D shapes could518

produce glinting patterns similar to those observed. We model five distinct geometries: a sphere, a multi-faceted519

polyhedron, a cone, a double pyramid, and a structure with two reflective panels. Each shape is composed primarily520

of non-reflective material, with limited flat surfaces capable of producing strong specular reflections when oriented521

precisely between the observer and the Sun. In addition to rotation, we allow for precession in some models, which522

modulates the visibility and timing of glints. The five test geometries are shown in Figure 7.523

As expected, a purely spherical object does not generate short, distinct glints; flat, mirror-like surfaces are required.524

In the cone model, we assume that that the top and bottom surfaces are reflective, yielding double glints per rotation525

cycle. Adding precession further restricts glint visibility, producing only a few observable flashes per exposure.526

The double pyramid model illustrates another plausible case: a reflective structure that becomes partially degraded527

over time, leaving only small reflective regions. With rotation and precession, such objects may produce intermittent528

glints, consistent with what we observe in the data.529

Overall, we find that each of the five test shapes—under specific assumptions regarding spin, precession, and reflective530

surface coverage— can, in principle, reproduce a glinting pattern compatible with the transients observed in POSS-I531

images.532

The geometric models presented in this section are intended to demonstrate the plausibility of producing aligned glint533

patterns from tumbling or precessing objects in high-altitude orbits. We emphasize that these models are illustrative534

rather than predictive, and no attempt is made to fit the specific time separations or angular offsets of the individual535

candidates.536

While no clear periodicity has been identified in the current POSS-I data, it is well known from modern short-537

exposure surveys that some Earth-orbiting objects, including those in geosynchronous orbit, can produce isolated,538

PSF-like glints without clear repetition patterns (e.g., Nir et al. 2020). This lack of periodicity may result from slow539

rotation, irregular shapes, or specific phase-angle constraints that produce only a few observable flashes per orbital540

cycle.541

Additionally, the observed sky distribution of aligned transients does not always follow a simple great-circle geometry,542

which could reflect the possibility of complex trajectories, attitude drift, or even the presence of multiple independent543

objects. Powered objects could even change their altitudes or trajectories. We acknowledge these uncertainties and544

note that more detailed modeling would be required to establish stronger constraints on orbital parameters or glint545

periodicity.546

7 www.blender.org

www.blender.org
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Figure 7. Simulated shapes. We show five different shapes that under slow spinning could produce a handful of glints
and in particular double glints. Each shape has two highly reflective surfaces. From top to bottom: (a) cone-like shape, (b)
multifaces shape, (c) sphere, (d) 3D hexagone, (e) piece of debris. Each object has both dull and reflective materials on its
surface, painted in grey respective light tones. Each object spins around an axis that also has precession, causing the reflective
surface not to be visible at all times.

9.2. The background density547

We use the 106,339 transients with Dec> 0◦ to estimate a rough detection rate. We also count the transients within548

2 ° from the center to avoid potential defects on the edge of the plate (22,314 transients). About 635 plates with 50549

minute exposures on average, correspond to 529 hours and an average transient rate of 36.3 transients per plate circle550

of 2° radius. Based on the deficit in the Earth Shadow test in Section 8, roughly 1/3rd of the transients appear to be551

due to solar reflections, so roughly 12.1 transients per plate. We can simply normalize 12.1 over the exposure time552

and plate coverage (12.57 sq.deg), which gives us ∼ 1.1 transients hour−1 deg−2 of flux-diluted flashes, visible down553

to r ∼ 20 mags. This transient rate is the sum of transients on all altitudes and distances from Earth.554

Nevertheless, this comparison should be viewed as an approximate, order-of-magnitude contrast as the the number555

of transients per plate is very approximate. Also, modern short-exposure surveys such as ZTF operate under vastly556

different conditions—using CCDs, automated pipelines, and millisecond-level time resolution—whereas the POSS-I557

transients were recorded on photographic plates with long integration times and are subject to different detection558

biases and false positive rates. A rigorous comparison would require modeling of completeness, instrument sensitivity,559

and event classification criteria, which is beyond the scope of this study.560

We can also calculate the actual number density of objects. If we assume that the population of objects has a561

uniform number per surface unit (n), then the number of objects (N) detectable at any given time is given by:562

N = n× S (3)563

where S is the spherical survey surface containing the observed reflective objects:564
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n =
N

S
, (4)565

and the surface area S = 2πd2 is calculated for the sunlit hemisphere at the radius of a geosynchronous orbit d.566

Thus:567

n =
N

2πd2
. (5)568

We set d = 42, 164 km as the radius of the geosynchronous orbit.569

Using the glint detection rate of approximately ∼ 1.1 transients per hour per square degree (assuming one detectable570

glint per object per hour):571

nall ≈ 2.0× 10−6 km−2 (6)572

These estimates provide a guide to the surface number density of objects. However, not every object will produce573

several glints. Since some objects might produce more than one glint (see Section 3.4 in Nir et al. 2020), we can574

assume that one object might produce from 5− 20 glints. The shape and the reflectivity of an object will determine575

the likelihood for one or more glints. This uncertainty also leads to an underestimation of the number density of576

objects, which could actually be even one order of magnitude higher. The surface density constraint quoted here is577

a first-order estimate based on our event detection rate and assumed sky coverage. These estimates do not include578

a full treatment of incompleteness, observational bias, or formal statistical confidence levels, and should therefore be579

interpreted as an indicative upper bound rather than a rigorous limit. Moreover, the true fraction of false positives580

in the larger sample from Solano et al. (2022), due to plate defects or other instrumental artifacts, remains unknown.581

While the overall statistical test in Section 8 is robust to this uncertainty, the absolute number density nall inferred582

here should be interpreted with caution until a full validation of the sample has been performed.583

10. DISCUSSION584

Are there signatures of artificial objects in Earth’s orbit in pre-Sputnik images? This is the central question explored585

in the present study. We adopt a straightforward strategy: searching for multiple transients aligned along a narrow586

band within long-exposure photographic plates from a period prior to known artificial satellite activity. This approach587

follows the principle of seeking non-terrestrial artifacts via distinctive, low-probability observational signatures, or588

“smoking gun indicators” (Villarroel et al. 2021). Using the published catalog of VASCO transients in the northern589

hemisphere (Solano et al. 2022), we identify ∼83 initial candidate r-point alignments, along with a larger number of590

double and triple transient groupings. Triplets are of particular interest, as they are consistent with reflections from591

flat, rotating surfaces (Deil et al. 2009). One such example was previously reported in Solano et al. (2023).592

We manually inspect all 22 candidate alignments containing four or more transients (noting that some reduce to three593

after closer analysis), and highlight the five most statistically significant cases in Section 6. Although the uncertainties594

do not allow us to compute a total occurrence probability for such alignments across the entire survey, we do estimate595

the chance probability of each event within a single image field. These estimates—dependent on assumptions about596

point-spread function widths—yield significance levels ranging from 2.5σ to 4σ for the most promising cases. Notably,597

three candidates with four or more aligned points emerge as especially strong, although two of them show minor598

morphological irregularities. These are not related to FWHM differences, which are addressed separately in the599

literature (Villarroel, Solano & Marcy 2025). While we cannot fully exclude the possibility of rare PSF-like optical600

ghosts producing the alignments, we note that no similar features appear on the blue plates taken with similar601

configurations.602

Among the remaining 3-point alignments (61 in total), some may also merit follow-up if confirmed as genuine603

transients. Traditionally, this would require microscopic examination of the original plates. However, our discovery of604

a statistically significant (> 3σ) temporal correlation between VASCO transients and independent historical reports of605

unidentified aerial phenomena (UAPs) (Bruehl & Villarroel 2025) offers additional support for the authenticity of the606

transients. Plate defects or scanning artifacts are expected to occur randomly in time; the fact that these transient607

alignments appear preferentially within a day of reported UAP events strongly disfavors instrumental or spurious608

origins. In this light, the correlation itself provides indirect but meaningful validation of the transients’ reality—thus609

reducing the necessity of microscopic inspection as the only path to confirmation.610
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But most importantly, Section 8 presents a critical test of the glint interpretation: we find a strong deficit of transient611

detections, at the ∼ 22 sigma statistical significance level, within the Earth’s umbral shadow. This is consistent with612

the idea that sunlight is required to produce the observed flashes. If these events are sunlight reflections off orbiting613

objects, they should vanish in the shadow cone of the Earth—exactly what we observe. This lends substantial support614

to the interpretation that the transients are real astrophysical or near-Earth events, and not plate defects or optical615

ghosts. The disappearance of the population in Earth’s shadow would not be expected for emulsion flaws or chemical616

irregularities. The same holds true for optical ghosts.617

Of particular interest is Candidate 5, which occurred on 27 July 1952—the second weekend of the widely documented618

Washington D.C. “UFO flap.” This wave of sightings involved numerous radar detections and pilot observations over619

two consecutive weekends, 18–19 and 26–27 July. Coincidentally, Candidate 1 also occurred within one day of the620

peak of the 1954 UFO wave. The triple transient reported in Solano et al. (2023) falls on the first weekend of the621

Washington event. Importantly, these candidates were analyzed before the authors became aware of their proximity622

to UAP reports, helping to minimize cognitive bias.623

Additionally, a correlation has been found between VASCO transients and historical nuclear test dates (Bruehl &624

Villarroel 2025), echoing past statistical studies linking nuclear activity to increased UAP reports, see e.g. review by625

Knuth et al. (2025). While causality remains undetermined, the convergence of these independent correlations suggests626

that the VASCO transients are not random artifacts, but potentially linked to physical phenomena worthy of further627

investigation.628

Using the theoretical framework outlined earlier, we simulate glinting patterns from plausible object shapes in629

geosynchronous orbit (GSO). These include multifaceted and partially reflective objects with slow spins and precessing630

axes. The inferred surface density of detectable objects is 2.0×10−6 km−2, though this estimate is subject to uncertainty631

both from unknown shape and reflectivity factors (which may cause underestimation), and from the unknown fraction632

of false positives in the sample (which may cause overestimation). It is worth considering whether such a population633

could be associated with the so-called uncorrelated targets (UCTs), which have been consistently reported in substantial634

numbers by military optical sensors and radars since the early 1960s.8635

Although the GSO hypothesis is consistent with the data, no clear evidence for periodic or quasi-periodic glinting636

has yet been identified. Objects spinning slowly or possessing complex reflective geometries may produce only a few637

flashes, complicating efforts to establish a repeating signature. Moreover, it remains possible that some events extend638

beyond the field of view of a single plate. An object moving at ∼10 arcsec per second could traverse up to 10 degrees639

during a 50-minute exposure, suggesting the possibility of longer alignment chains than those captured here.640

Conversely, if all transients were to be confirmed as false positives—e.g., due to rare but star-like photographic plate641

artifacts—our search still constitutes a meaningful upper limit on the density of non-terrestrial artifacts (NTAs) in642

the near-Earth environment. In this scenario, we derive a rough surface density constraint of < 10−6 objects km−2 for643

high-altitude orbits in the Earth’s vicinity (thousands to hundreds of thousands of kilometers), even if this limit must644

be carefully approached due to the lack of modelling for bias and incompleteness. Thus, regardless of interpretation,645

our findings provide new constraints on possible technosignatures near Earth.646

Future work should consider searching for “dashed-line” alignments over larger plate regions, and investigating subtle647

elongation effects in high-resolution digitizations. Such elongations could indicate motion across the sky or large object648

size, especially if consistent with the alignment direction.649

In summary, we have presented a small but compelling set of aligned transient candidates from a pre-satellite650

era sky survey. While the ultimate explanation remains uncertain, the convergence of spatial alignment, statistical651

significance, and temporal correlation with independent aerial anomaly reports supports the view that these events652

are likely real—and may represent a class of astronomical phenomena not yet understood. Alternative explanations653

are discussed in Section 7.654

8 For example, see declassified U.S. Department of Defense documents released under FOIA, available via The Black Vault: https://
documents2.theblackvault.com/documents/dtic/FOIA2014-128-GC8000301.pdf

https://documents2.theblackvault.com/documents/dtic/FOIA2014-128-GC8000301.pdf
https://documents2.theblackvault.com/documents/dtic/FOIA2014-128-GC8000301.pdf
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11. CONCLUSIONS655

This paper presents a first systematic search for multiple, simultaneously appearing and vanishing optical point656

sources on long-exposure photographic plates that also exhibit spatial alignment. We focus on the red POSS-I plates,657

and present five top candidate events with three or more transients aligned along a narrow band. The most statistically658

significant case (Candidate 5) coincides in time with the well-documented Washington D.C. 1952 UFO flap—one of659

the most prominent mass sightings of unidentified aerial phenomena (UAPs) in recorded history. A separate study660

(Bruehl & Villarroel 2025) confirms a statistically significant (> 3σ) temporal correlation between VASCO transients661

and independent historical UAP reports.662

The origin of the transients remains unknown. One plausible explanation is that they are caused by brief light663

emissions from artificial objects in orbit or by objects with anomalous movements in Earth’s atmosphere—emissions664

so brief that they appear as point sources rather than streaks, despite the telescope tracking the stars. Alternatively,665

they could arise from solar reflections off flat, highly reflective surfaces at geosynchronous altitudes. The latter666

interpretation is further supported by our shadow test in Section 8, which reveals a significant deficit of such events667

within the Earth’s umbra, consistent with a solar reflection origin and difficult to reconcile with many explanations,668

including photographic plate defects.669

Our results motivate continued investigation of historical sky surveys and the application of similar alignment-based670

detection methods to modern deep-sky imaging. Whether or not these events ultimately point to the existence of671

NTAs, the identification of statistically improbable, spatially aligned transients in pre-satellite data represents a novel672

observational anomaly deserving of further scientific attention. Future work may help clarify whether these transients673

constitute a new class of astronomical phenomena—or represent the first hints of artificial activity near our planet.674
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Figure 8. Candidate 1. We show the candidate in SuperCosmos scans of POSS-I red (left) and POSS-II red (right) images.
Transients are marked with green circles. The candidate with a measured coordinate is marked with a cross (+). A dashed
white line shows the alignment. Yellow circles show defects. Also the white line crossing the POSS-I field is a scanning defect.
We see 4 transients in the POSS-I images where three follow a straight line.

Figure 9. Candidate 2. We show the candidate in SuperCosmos scans of POSS-I red (left) and POSS-II red (right) images.
Transients are marked with green circles. The candidate with a measured coordinate is marked with a cross (+). A dashed
white line shows the alignment. Yellow circles show defects. Also the white line crossing the POSS-I field is a scanning defect.
We see 4 transients in the POSS-I images where three follow a straight line.
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Figure 10. Candidate 3. We show the candidate in SuperCosmos scans of POSS-I red (left) and POSS-II red (right) images.
The upper row shows a 3-point alignment within 1 - 2 arcsec. The lower row shows a 5-point alignment of within 15 arcsec.
Transients are marked with green circles. The candidate with a measured coordinate is marked with a cross (+) and might be
slightly dubious in shape. The dashed lines shows the alignment (the white double line for the thicker alignment below). Yellow
circles show defects, both plate defects and scanning defects.
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Figure 11. Candidate 4. We show the candidate in SuperCosmos scans of POSS-I red (left) and POSS-II red (right)
images. The upper row shows a 3-point alignment within 1 arcsec. The lower row shows a 4-point alignment of within 5 arcsec.
Transients are marked with green circles. The candidate with a measured coordinate is marked with a cross (+). The dashed
lines shows the alignment (the white double line for the thicker alignment below).
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Figure 12. Candidate 5. We show the candidate in SuperCosmos scans of POSS-I red (left) and POSS-II red (right)
images. The upper row shows a 3-point alignment within 1 arcsec. The lower row shows a 5-point alignment of within 10 arcsec.
Transients are marked with green circles. The candidate with a measured coordinate is marked with a cross (+). The dashed
lines shows the alignment (the white double line for the thicker alignment below).
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