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ABSTRACT  

We propose a search for sources of directed energy systems such as those now becoming 

technologically feasible on Earth. Recent advances in our own abilities allow us to foresee our own 

capability that will radically change our ability to broadcast our presence. We show that systems of 

this type have the ability to be detected at vast distances and indeed can be detected across the entire 

horizon. This profoundly changes the possibilities for searches for extra-terrestrial technology 

advanced civilizations. We show that even modest searches can be extremely effective at detecting 

or limiting many civilization classes. We propose a search strategy, using small Earth based 

telescopes, that will observe more than 10
12 

stellar and planetary systems with possible extensions to 

more than 10
20 

systems allowing us to test the hypothesis that other similarly or more advanced 

civilization with this same capability, and are broadcasting, exist. We show that such searches have 

unity probability of detecting even a single comparably advanced civilization anywhere in our 

galaxy within a relatively short search time (few years) IF that civilization adopts a simple beacon 

strategy we call ñintelligent targetingò, IF that civilization is beaconing at a wavelength we can 

detect and IF that civilization left the beacon on long enough for the light to reach us now. In this 

blind beacon and blind search strategy the civilization does not need to know where we are nor do 

we need to know where they are. This same basic strategy can be extended to extragalactic distances. 

 

Keywords: SETI, Search for Extra Terrestrial Intelligence, DE-STAR, Directed Energy, Laser 

Phased Array 

 

1. INTRODUCTION  

One of humanities most profound questions is ñare we aloneò. This continues to literally 

obsess much of humanity from the extremely diverse backgrounds and interests from scientific, 

philosophical and theological. Proof of the existence of other forms of life would greatly influence 

all of humanity. The great difficulty in finding life is that our physical exploration (planets 

physically explored) is woefully inadequate with a fractional search currently of order 10
-20

 since the 

number of planets, based on the recent Kepler data and the estimated number of stars, in our 

universe is estimated to be of order 10
20-24

 and we have visited of order unity planets. For the 

foreseeable future we lack the ability to physically search much beyond this. With remote sensing, as 

has been the domain of traditional SETI programs, we can greatly expand this search fraction 

assuming that there are other civilizations with comparable or greater technological evolution to our 

own AND that such civilizations are actively seeking detection in parts of the electromagnetic 

spectrum we can search in. All such remote sensing searches require us to make assumptions that 

may have no basis in reality. Hence the great difficulty in converting searches to statements on the 

existence of life beyond our own. But it is all we have to go on and hence it should be pursued 

consistent with reasonable levels of effort. A detection would forever change humanity while an 

upper limit based on our assumptions has only a modest effect. This is truly a ñhigh risk, high 

payoffò area of inquiry and always has been. As always we are ñnowò centric and 

ñanthropomorphicò centric in that we expect all other advanced civilizations to be like minded in 

their desire to answer the same profound question AND to go about searching in a similar manner. 

However, if all civilizations ñlistenedò but did not ñspeakò there would be a profound universal 

silence. Hopefully, other advanced civilizations do not share our relative silence. A serious and 



3 

 

important question is to envision our time evolution of detection by other civilizations. Our ability to 

seriously ponder the issue of remote sensing of life has only become possible in the last 100 years. 

This represents about 1% of civilized human existence , less than 0.1% of total human existence,  

less than 10
-7 

of life on Earth and less than 10
-8 

since the first stars and galaxies formed. While 

predictions are fraught with uncertainty, especially those concerning the future, it is somewhat easier 

to look into the recent past at our technological progress in relevant areas. 

 

 

2. TECHNOLOGICAL DEVELO PMENT 

One of the enabling technologies that is relevant is the extremely dramatic progress in solid state 

lasers and in particular to laser amplifiers that can be arrayed into larger elements. The latter point is 

the analog of phased array radar that is becoming more common. An analogous revolution is taking 

place in visible and near IR coherent systems allowing for free space beam combining with no upper 

limit to power. This is very much analogous to the revolution in computing that has been brought 

about by parallel processing where large arrays of modest processors are now ubiquitous for super 

computing with no upper limit to computation. There is a very close analogy both technologically 

and in system design to the use of large arrays of modest phased arrays (parallel processing) lasers to 

form an extremely large directed energy system. Indeed the typical doubling time for performance in 

the semiconductor computational domain per computational element (CPU) is approximately 1.5-2 

years  over nearly 5 decades of time. We plot the power from CW fiber lasers as an analog to the 

CPU, and see the doubling time over the last 25 years has been approximately 1.7 years or 20 

months. This is remarkably similar to ñMooreôs Lawò and has not hit a plateau yet. CPU speed hit a 

plateau for Si devices nearly a decade ago and the path forward has been to increase the number of 

processors ï ie to go toward parallel computer. You are likely reading this on such a CPU. Our 

current technology (early 2015)  is above 1 Kw in a single mode fiber per amplifier with the analog 

of multi core CPUôs being multi spectral injection with many fiber amplifiers per single mode fiber 

which now exceeds 30 Kw per fiber. It is estimated that this can be pushed to beyond 100 Kw per 

single mode fiber in the near future. We assume that other civilization possess the basic technology 

of arrayed (parallel) directed energy systems below but we only assume 1 Kw per fiber that we have 

already achieved. The efficiency of laser amplifiers is nearly 50% and thus only modest efficiency 

improvement is possible since we are already within a factor of two of unity. The power density is 

currently at about 5kg/kw and will drop to about 1 kg/kw in the next few years. All of this is a 

remarkable statement about our current technological capability in directed energy systems.  As we 

will see we now possess the capability to deploy this technology in a way that enables us to direct 

energy for revolutionary purposes one of which is to be ñseenò across the entire universe.  This is 

truly a remarkable statement. The question that is relevant here is ñif there are other advanced 

civilization do they have similar capabilitiesò and if so are they directing it to us? We have never 

been in a technological state where we could make such a statement and hence it is logical to explore 

its ramifications in many areas, SETI being one of them. 
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Figure 1 ï Fiber laser CW output power vs year over the past 25 years based on data in the literature. 

3. CIVILIZATION CLASSES  AND SIGNAL LEVEL  

All SETI programs require assumptions about the technological expertise of the civilizations 

being sought out[1,2,3]. A number of searches have looked for optical signatures, though few 

were able to be done systematically due to practical and funding limitations [4-13]. We will 

assume that the civilizations we are seeking have directed energy capability to equals or exceed 

our currently and reasonably projected capability in the near future. This is a modest assumption 

given the rapid advances in this area and we will see that we already possess the basic 

technology to see and be seen across the entire horizon. In particular we will assume that the 

civilizations possess the ability to build the equivalent of our DE-STAR program, namely phased 

arrays of lasers. This allows for a significant advances beyond what has previously been done 

and has the long term capability allowing extremely large systems. It is this latter that 

dramatically changes the SETI analysis. We assign the same civilization classifications (denoted 

as S) scheme as we use for the DE-STAR array classification where the civilization class 

indicates both the power level and beam size of the emitted laser. We assume a standard DE-

STAR (S) with nominal Earth like solar illumination (FE =1400 w/m
2
 at the top of the 

atmosphere) and a square laser array size (d) where d(m)=10
S
 and beam divergence full angle ɗ= 

2 ɚ(m)/d(m) = 2 ɚ10
-S

  and solid angle Ý(st)= ɗ
2
 =4 ɚ

2
 10

-2S
  for small angles . The power is 

assumed to be CW rather than pulsed with a value of approximate P(kw) =1.4 Ůc 10
2S

 where Ůc is 

the conversion efficiency of solar to laser power (effpv * effde). 

file://192.168.1.200/Lubin/Lab/Data_1/Asteroid/Writeups and Papers/SETI - Theory Paper 2015/Data_1/Asteroid/Images
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The critical observable is the flux (w/m
2
) at the (Earth) telescope and this is the transmit power P 

(w)/L
2 
Ý where L(m) is the (luminosity) distance. Thus the critical ratio at given distance is 

P(w)/ Ý(st). For a DE-STAR system of class S we have  

P(w)/ Ý(st) = FE Ůc 10
2S

/4 ɚ
2
 10

-2S
  =1400 Ůc 10

2S
/4 ɚ

2
 10

-2S
 = 350 Ůc  ɚ

-2 
10

4S
.  

We can thus calculate the civilization class S from any system with a given power and solid 

angle, even if not a DE-STAR class system, as: 

 

 S = ¼ Log10 ([P(w)/ Ý(st)]/( 350 Ůc  ɚ
-2

)) = ¼ Log10 ([P(w)/ Ý(st)]/( 175  ɚ
-2
)). 

 

We assume Ůc = 0.5 total conversion efficiency of solar (stellar) illumination to laser output. This 

is about a factor of two higher than our current state of the art for CW systems (present 

efficiency of concentrated space solar is 50% and laser efficiency is above 50% for the most 

efficient systems). 

For reference a class 0 civilization would possess the equivalent of a 1 meter diameter optical 

system transmitting approximately 1 kw while a class 4 civilization would be able to build a 10 

km array with transmitting approximately 100 Gw and a class 11 civilization would be able to 

harness the power of a star like our Sun and convert it into directed energy. A class 5 civilization 

would be similar in this sense to a Kardashev Type I while a class 11 civilization would be 

similar in this sense to a Kardashev Type II or similar to civilization that can harness a typical 

star. We are currently about a class 1.5 civilization and rising rapidly. We already have the 

technological capability to rise to a class 4 civilization in this century should we choose to do so. 

As one example, two class 3 and above civilizations can ñseeò each other across the entire 

horizon modulo the time of flight. Here we use the term (entire horizon) to refer to high redshift 

galaxies we feel have had sufficient time to develop life. This is discussed further below. 

 

 
Figure 2 ï Civilization class and laser emitted power level (CW). 

file://192.168.1.200/Asteroid/SETI
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Flux and Magnitude Equivalents vs Civilization Class and Distance - We can now compute the 

flux at the Earth from a distant civilization which we show in Figure 3. The distances are the 

effective "luminosity distance" which at non cosmological distances is simply the normal Euclidean 

distance we are used to measuring. At cosmologically significant distances we need to use the 

cosmological correction reflecting the geometry of our universe. This is discussed and computed 

below. It is helpful to also think of the received flux in terms of the equivalent photometric 

magnitude that is commonly used in astronomy. We show this in Figure 4 as a rough indication of 

how "bright" the signal is. The equivalent magnitude is computed as if the signal were uniformly 

distributed over the typical photometric bandwidth of R~ 4. Of course the laser lines we look for are 

much narrower so we have vastly less background that in a photometric band. Nonetheless this is 

instructive when comparing to the common language of magnitudes in astronomy. As can be seen at 

the distance of the typical Kepler planets (~ 1 kly distant) a class 4 civilization (operating near 

1mm)  appears as the equivalent of a mag~0 star (ie the brightest star in the Earth's nighttime 

sky), at 10 kly it would appear as about mag ~ 5,  while the same civilization at the distance of 

the nearest large galaxy (Andromeda) would appear as the equivalent of a m~17 star. The 

former is easily seen with the naked eye (assuming the wavelength is in our detection band) 

while the latter is easily seen in a modest consumer level telescope. 

 

 
Figure 3 ï Photon flux at Earth vs civilization class and distance. Distances are luminosity distance. See below for 

cosmological effects at higher redshift. 

file://192.168.1.200/Lubin/Lab/Data_1/Asteroid/Writeups and Papers/SETI - Theory Paper 2015/Data_1/Asteroid/Writeups and Papers/SETI - Theory Paper 2015/Figures/Figure 2
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Figure 4 ï Equivalent photometric magnitude vs civilization class and luminosity distance.  At distances small compared 

to cosmological scales the Euclidean distance and luminosity distance are equivalent. The equivalent photometric 

magnitude is based on an equivalent R~ 4 photometric filter band. 

 

4. ATTENUATION AND GRAV ITATIONAL LENSING  

4.1 K Corrections due to dust and gas 

 

Gas and dust in interstellar and intergalactic space absorb and scatter radiation. This is sometimes 

known as ñreddeningò since the SED from distant stars and galaxies is shifted towards the red 

portion of the spectrum as the dust preferentially absorbs and scatters  the shorter wavelength light 

(the ñbluer partò) and allows more of the longer wavelength portion (the ñredder portionò to pass 

through. This is analogous to the reddening of the sun at sunset. The details of this process depend 

on the form and distribution function of the dust grains. Normally objects are studied whose host 

spectrum is assumed to be known and the observed spectrum is a measure of the dust. The difference 

between the as observed and as emitted vs wavelength is known as the ñK correctionò. K is 

conventionally given in magnitudes and depends on wavelength, direction of the target and distance 

to the target. It is also conventional to use a K correction to take account of the atmospheric 

transmission discussed below. In general the shorter wavelengths are absorbed more by dust and gas 

while the longer IR wavelengths are much less affected. The interaction with neutral gas is generally 

quite small except when the photon energies are above an ionization energy which is not the case in 

the IR except for very rare cases highly excited states. Ionized gas in the ISM and IGM is another 

source of interaction between photons and matter (primarily electrons here) but the densities on 

average are low enough that this is not a serious concern except in (rare) highly compact regions.   

file://192.168.1.200/Lubin/Lab/Data_1/Asteroid/Writeups and Papers/SETI - Theory Paper 2015/Data_1/Asteroid/Writeups and Papers/SETI - Theory Paper 2015/Figures/Figure 3
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Figure 5 - Ratio of extinction coefficient at a given wavelength to the same but in V band (~ 0.5 microns) in our galaxy. Note this is 

an approximation as the extinction coefficients are anisotropic. As is typical the extinction coefficient decreases with increasing 

wavelength. 

file:///Q:/Asteroid/Writeups and Papers/SETI - Theory Paper 2015/Figures/Figure - Interstellar Extinction - K correction/Digitized Extinction
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4.2 Gravitational Lensing 

 Gravitational lensing occurs due to the gravitational interaction of photons with the 

gravitation field due to matter (both Baryonic and Dark). Gravitational lensing is well known but not 

on the small angular scales that may be relevant here. In addition there is a time varying component 

due to the motion of matter. There are numerous studies of gravitational lensing in the visible as well 

as the large scale power spectrum studied by the Planck mission (Planck collab 2016)[15]. The 

primary issue here is less the overall deflection of the beam but rather the gravitational focusing and 

defocusing that may occur on close approaches to stars (Maccone 2009)[16]. This overall area 

requires a more sophisticated simulation for various realizations and will not be covered in this 

paper. 

 

5. FUNDAMENTAL BACKGROU NDS 

5.1 Backgrounds relevant for detection 

In order to determine the signal to noise of the return signature it is necessary to understand 

the non-signal related sources of photons.  This is generically referred to as the background.  There 

are a number of such backgrounds that are important.  Going outward from the detector to the target 

and beyond, there is: 

¶ Dark current and ñreadout noiseò associated with the detector 

¶ Thermally generated photons in the optical system, under the assumption that the optical 

system is mostly running near 300 K. 

¶ Photon statistics of the received signal.  

¶ Atmospheric emission ï sky glow if the observations are inside the Earths atmosphere. 

¶ Solar system dust that both scatters sunlight and emits from its thermal signature.  Dust in the 

solar system is typically at a temperature of about 200 K.  This is generically called Zodiacal 

scattering and emission, respectively, or simply Zodiacal light. This assumes a mission inside 

the solar system. We assume that there is a similar level of equivalent dust in the host 

civilization ñsolar systemò 

¶ Distant background stars that are in the field of view 

¶ Sunlight scattered into the field of view for targets that are near to the sun in the field of 

view.  This is generally only important for targets that are very close to the sun along the line 

of sight, though off axis response of the optical system can be an issue as well. 

¶ Scattered galactic light from dust and gas in our galaxy. 

¶ The far IR background of the universe, known as the Cosmic Infrared Background or CIB.  

This is the total sum of all galaxies (both seen and unseen) in the field of view in the laser 

band. 
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¶ The Cosmic Background Radiation or remnant radiation from the early universe.  This is 

negligible for short wavelengths. 

In all of these cases the fact that the laser linewidth (bandwidth) is extremely narrow (from kHz to 

GHz depending on the laser design) and the field of view is extremely narrow, mitigates these 

effects which would otherwise be overwhelming for a broadband photometric band survey.  

Heterodyning is also possible could be used in the future but is not assumed as we do not posses 

large focal plane arrays of such detectors. 

 

5.2 Cosmic IR Background - CIB 

The CIB was first detected by the Diffuse IR Background Explorer (DIRBE) instrument on 

the Cosmic Background Explorer (COBE) satellite launched in 1989 and studied by numerous other 

experiments including the recent Planck mission.[27,28,29,30]  It is an extremely faint background 

now thought to be due to the sum of all galaxies in the universe from both the stellar (fusion) 

component at short wavelengths near 1 ɛm and from the re-radiated dust component near 100 ɛm.  

On large angular scales (degrees) it is largely isotropic though at very small angular scales (arc sec) 

individual sources can be detected.  The diffuse CIB component, using data collected by DIRBE, is 

shown in Fig. 6. 

 

 
Figure 6 - Cosmic Infrared Background vs wavelength. Note the contribution from the stellar fusion peak  near 1 micron 

and the reradiated dust peak near 100 microns.  
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5.3 Zodiacal Light 

Like the CIB the zodiacal light has two components and both involve dust in the solar system 

and the Sun.  The sunlight both scatters off the interplanetary dust grains giving a ñstreetlight in fogò 

effect as well as heating the dust grains which then reradiate in the mid to far IR.  The scattered 

component can be seen with the unaided eye in dark extreme latitudes and is sometimes known as 

the ñGegenscheinò and traces the ecliptic plane.  The dust grains are in rough equilibrium through 

being heated by the Sun and cooling through their own radiation.  This background is not isotropic 

but is highly anisotropic depending on the position and orientation of the observer in the ecliptic 

plane.  This was studied in detail by the DIRBE instrument on COBE.[27,28,29]  As seen in Fig.7, 

based on some of the DIRBE measurements, the brightness of both the scattered and emitted 

components vary dramatically with the observed line of sight relative to the ecliptic plane.  In the 

plot the angle relative to the ecliptic plane is given by the ecliptic latitude (Elat) where Elat = 0 is 

looking in the plane and Elat = 90 is looking perpendicular.  The situation is even more complex as 

the scattered and emitted components vary with the Earthôs position in its orbit around the Sun.  By 

comparing the CIB and the Zodiacal light, it is clear that even in the best lines of sight 

(perpendicular to the ecliptic plane) the Zodiacal light completely dominates over the CIB.  For the 

JWST mission the Zodiacal light is typically the limiting factor for IR observations, for example.    

However, since illumination will  occur in a system with an extremely narrow laser bandwidth, and 

detection occurs with a matched narrow bandwidth (allowing for Doppler shifting) , it is possible to 

largely reduce the Zodiacal light and the CIB to negligible levels. This is not generally true for 

broadband photometric (typically 30% bandwidth) surveys.   
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Figure 7 - Zodiacal light emission vs wavelength and observing angle relative to the ecliptic plane. Note the reradiated 

dust peak near 10 microns.  

5.4 Optics Emission 

The optical emission from the telescope also needs to be considered. The optics are assumed 

to be at roughly 300 K for simplicity (this could be changed in some scenarios), giving a brightness 

of about 1×10
7
 ph/s-m

2
-sr-ɛm for unity emissivity (or for a blackbody emitter) at the baseline 

wavelength of 1.06 ɛm.  Unity emissivity is clearly an over estimate but represents a worst case.  

Under the assumption of a diffraction limited system, the entendue of the optics is such that A ɋ = 

ɚ
2
 ~ 10

-12
 m

2
Āsr where A is the effective receiving area and ɋ is the received solid angle.  The 

bandwidth of reception must also be included.  Here a matched filter spectrometer or heterodyning is 

assumed (to get Doppler) with a bandwidth equal to the laser linewidth.  As mentioned above, this is 

typically10
4
 - 10

10
 Hz or approximately 4×10

-11
 to 4×10

-5
 ɛm.  The total per sub element is thus an 

emission of about 4×10
-16

 to 4×10
-10

 ph/s again for an emissivity of 1.  This is an extremely small 

rate compared to the other backgrounds (air glow, Zodi, CIB) as well as the signal itself. Comparing 

the optics emission of 1×10
7
 ph/s-m

2
-sr-ɛm for unity emissivity to the CIB and Zodiacal light shows 

the CIB and Zodiacal light are both much larger than the optics emission.   
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Figure 8 - Optical emission assuming unity emissivity. 

 

 

 
Figure 9 - Optical emission assuming a diffraction limited optical system. 
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5.5 Atmospheric Transmission and Radiance 

For studies inside the Earthôs atmosphere we need to consider the transmission and emission of the 

atmosphere. We consider the transmission and thermal radiance of the Earthôs atmosphere for 

different observation scenarios from sea level, to high mountain observatories to aircraft and finally 

stratospheric balloons. There are a number of observational windows that allow us to observe in the 

visible and IR that must be taken into account to optimize a search strategy especially one at high 

redshift. We will see that observations at high redshift become feasible for some scenarios. In 

addition to atmospheric thermal radiance we consider non thermal processes below as well as 

anthropomorphic produced lines.   

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10 ï Left: Atmospheric transmission  from 0.25 to 2 microns. Right: Transmission from 0.25 to 10 microns 
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Figure 11 - Thermal emission from optics, atmospheric thermal radiance, CIB and Zodiacal light in the ecliptic plane (0) at 45 

degrees relative to the plane (45) and perpendicular to the plane (90). Zodi is  for COBE DIRBE  day 100. 

5.6 Non LTE Atmospheric Emission 

There are additional processes in the Earthôs atmosphere that are not in local thermodynamic 

equilibrium with the atmosphere. In particular various atomic and molecular transitions are excited 

by the solar wind and other energetic phenomenon. In the visible and IR there are a variety of non 

LTE lines that are highly time variable include Oxygen and OH emission. In general these have 

modest low spatial frequency variations but the variable background rates will be an issue at 

extremely low intensities. OH emission originates at altitudes above 80km typically and is most 

problematic in J (1.1-1.3 microns) and H (1.5-1.8 microns) bands with some in K (2-2-4 microns) 

band. Rousellot et al (2000) have computed the theoretical OH spectra of 4732 lines from 0.6 to 2.6 

microns and spectrometers at major telescope measure the brighter OH lines. As mentioned the OH 

line emission is highly variably both temporally and spatially. OH lines are extremely narrow 

(unresolved at R=10,000 where R=l/ȹl) and while there are many lines they occupy a very small 

fraction of the spectrum due to their narrow linewidth. There is also a very large dynamic range in 

predicted OH line emission (over 14 orders of magnitude). Only the brighter lines are typically 

visible and longward of 2.6 and shortward of 0.6 there is very little OH emission. We also show a 

zoom in near the 1.064 micron Yb transition that is the baseline for our larger DE-STAR system as 

an example of the narrow nature of the lines and their spacing near the Yb line. This is one example. 

Fortunately we can achieve some additional rejection of OH due to the assumed point like structure 

of the source we are looking for while OH is spatially broad so some spatial filtering will be useful. 
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This is analogous to photometry determination of the local sky background in aperture photometry. 

Comparing OH emission in J and H bands it is clear that the OH lines dominate when using broad 

band filters while in the visible bands and beyond K band OH lines become sub dominant. This 

applies to ground based measurements while for space based measurements OH lines are not 

relevant. Since the OH lines are very narrow reducing the filter bandwidth does not allow us to 

completely mitigate them until we get to extremely narrow band filters or use an IFU both of which 

are problematic. Note that in a filter bandwidth the total OH emission is the sum of all the OH lines 

within the band. The use of aperture photometry and synthetic sky techniques will help us model and 

reduce the effects of OH line emission (as with all large angular scale emission) but we are still left 

with the noise from both photon statistics and systematic errors that will need to be taken into 

account. In this sense the problem is similar to classical LTE emission from optics and the 

atmosphere as well as from the detector but with the added complexity of more challenging temporal 

and spatial variations in the OH emission. In the visible bands and beyond 2.4 microns the OH 

emission is relatively small. The primary problem occurs between 1 and 2.4 microns. For broad band 

photometric systems non thermal emission  dominate out to about 2 microns. For narrow bandwidth 

or spectroscopic systems zodiacal emission and scattering dominates out to about 1.5 microns. In the 

long run space based searches are preferred. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 12 - Left: Theoretical OH emission lines from 0.6 to 2.6 microns.  Right: Expanded region close to 1.064 micron Yb laser 

line. From Rousellot et al (2000) Note that the theoretical excitations leading to emission does not necessarily match the measured 

atmospheric OH lines due to excitation mechanisms in the atmosphere. 

 

 

file:///D:/Data_1/Asteroid/Writeups and Papers/SETI - Theory Paper 2015/Figures/Figure Air glow/OH and Airglow lines/
file:///D:/Data_1/Asteroid/Writeups and Papers/SETI - Theory Paper 2015/Figures/Figure Air glow/OH and Airglow lines/
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5.7 Measured Total Sky Background 

For the best observatory sites the sky background minimum is about 21-22 mag/sq arc sec in V band 

(centered at ɚ ~0.55µm with bandwidth ȹɚ ~ 0.1µm). This corresponds to a flux of approximately 

10-50 photons/s-m
2 

-sq arc sec. This includes thermal as well as non thermal processes (air glow) , 

zodi, unresolved stars etc. Comparing to the figures above we see this is in reasonable agreement. In 

the V band the dominant emission is from Zodi scattering of sunlight as well as non thermal 

atmospheric (air glow) processes. As we move towards into IR the thermal emission of the 

atmosphere and optics as well as OH lines begin to dominate with OH diminishing beyond K band 

(2.4 µm) . 

 

5.8 Terrestrial illumination  

Human lighting is an issue but in general is not as severe for our search as it tends to be a relatively 

slow temporal and spatial function. Some Hg and Na lines from HID lights are notable and 

increasingly LED lighting though the latter is generally broadband due to phosphor coatings. All of 

these are site dependent and can be mitigated by observing targets at multiple locations and over 

multiple time scales.  

 
Figure 13 - Left: Measured J band OH emission at Subaru telescope. - Right: Measured H band OH emission at Subaru telescope. 

 

file:///D:/Data_1/Asteroid/Writeups and Papers/SETI - Theory Paper 2015/Figures/Figure Air glow/OH and Airglow lines/
file:///D:/Data_1/Asteroid/Writeups and Papers/SETI - Theory Paper 2015/Figures/Figure Air glow/OH and Airglow lines/
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5.9 Stellar and Interstellar line emission 

Host and intervening stellar atmospheres will provide some confusion due to the emission lines and 

to a lesser extend from absorption lines. In addition to common know lines we can also check their 

temporal distribution to see if they are natural or not. Using temporal photon statistics allows us an 

additional cross check as well as more conventional tests for unnatural time modulation of possible 

positive targets. 

5.10 Unresolved stellar background 

In many surveys we will not resolve individual stars and thus will have many stars per pixel. These 

unresolved stars will form a background, much like the CIB. Since the stellar distribution in galaxies 

is a strong function of position in the galaxy it is unlike the CIB in this sense and is highly spatially 

variable. This has implications for the coupling of pointing jitter and seeing variations into our data. 

In particular the unresolved stars have emission lines that will form a line background in addition to 

the continuum background. For example the dark sky background of 22 mag/sq arc sec in V band 

includes the unresolved stellar background among other backgrounds. As one example consider stars 

like our Sun. The Sun has an absolute magnitude (apparent magnitude if it were placed at a distance 

of 10 pc) of Mv = 4.83 and an apparent magnitude mv vs distance d(pc) of mv(d) = M-5+5log(d(pc)). 

Imagine we place the Sun at 10 kpc (approximately the distance from Earth to the galactic center and 

about 1/3 the ñdiameter of our galaxy). The apparent magnitude of our Sun would then be mv(d=10 

kpc) = 19.8. To put this in perspective the photon flux of  mv=0 star is about 10
10 
g/s-m

2
 (this 

depends on the equivalent temperature of the star). Hence a star with mv=20 (approx that of our Sun 

at d=10 kpc) would have a flux of 100 g/s-m
2
. Our galaxy has an average stellar density of 

approximately 1 star/sq arc sec. If our galaxy has a uniform distribution of stars like our Sun all at a 

distance of 10 kpc then would expect a stellar flux of about 100 g/s-m
2
-sq arc sec in V band which is 

close to the dark sky flux of about 10-50 g/s-m
2
-m-sq arc sec in V band. Since the flux from a laser 

associated with a planet near a star and the flux from the parent star both scale inversely with the 

square of the distance to the star we will see that the stellar flux is a relatively small noise source 

when we calculate signal to noise ratios. Note that for a diffraction limited system (1 pol) AÝ=l
2
 . 

As the unresolved stellar background signal is proportion to both the telescope area and solid angle 

(per pixel) the total signal for the diffraction limited case is independent of the telescope size. 

5.11 Unresolved galactic signatures 

Along any given direction we will have a number of distant galaxies in a pixel for ground based 

surveys as well as small aperture space based surveys. This is basically the CIB but in this instance 

there is an additional component to the usual CIB in that each galaxy has some billion to trillion 

possible civilizations. On average in a square arc second, typical of ground based seeing without 

adaptive optics, we will have an unresolved and undetected distant galaxy at an unknown redshift.  

5.12 High Redshift surveys 

We can detect civilizations at a variety of redshifts and this poses unique opportunities and 

challenges. For higher civilization classes we can detect them at any redshift which is both good and 

problematic for our detection algorithm. 

We show the relationship between distance and redshift in the attached plot for several cosmological 

models. There is relatively little difference in the models for luminosity distance even ignoring dark 
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energy at low redshift. The distances we normally quote are luminosity distances even if just labeled 

distance. We also show cosmological age vs redshift and cosmological age vs luminosity distance. 

By redshift z=5 the age of the universe is only about 1.2 Gyr. If life does not evolve rapidly after star 

formation then there would not be sufficient time to evolve technologically advanced civilizations 

capable of emitting detectable directed energy signatures. The luminosity distance at z=5 is about 47 

Gpc corresponding to a Euclidean distance of about 150 Gly. While still detectable for some higher 

civilization classes the time for advanced technological evolution is short. Correspondingly at z=1 

the cosmological age is about 5.8 Gyr corresponding to a luminosity distance of about 6.7 Gpc 

allowing much more time for life to evolve. For reference our evolution on Earth is about 3-4 Gyr.  

We also show the comoving volume of the universe vs the redshift we observe to as well as the 

normalized comoving volume explored to a given z relation to z=20 where we chose z=20 to be a 

reasonable approximation for the first stars and planets. Note that z=20 contains the vast majority of 

the volume of our horizon but that z=20 is only about 150 Myr after the beginning and this is likely 

not sufficient time for intelligent life to form. If we assume intelligent life needs 4.5 Gyr to form 

(approximately our evolution time after the formation of the solar system) this would correspond to 

about z~1.5.  We also show the normalized comoving volume normalized to z=1.5. The normalized 

comoving volume is essentially the fraction of the accessible universe where we might expect to find 

technologically advanced life based on our own evolution. These are obviously large assumptions on 

our part. We use a concordance model (2015 Planck) which yields a current age of around 13.8 Gyr.  

 

Figure 14 - Luminosity vs Redshift for several cosmological models. The "benchmark" model is closest to the current concordance 

models. This is used in the calculations below for higher redshift models.  
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