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ABSTRACT

We propose aearch for sources oflirected energy systems such as theosev becoming
technologically feasible on EartRecentadvances in our own dities allow us toforeseeour own
capability thatwill radically changeur ability to broadcast our presen®ée show that systems of

this type have the ability to be detected at vast distances and indeed can be detecttt asross
horizon. This profoundly changes the possibilities for searches for-textestrial technology
advanced civilizations. We show that even modest searches can be extremely effective at detecting
or limiting many civilization classes. We proposesearch strategyusing small Earth based
telescopesthat will observe more than ftellar and planetary systems with possible extensions to
more than10? systems allowing us to test the hypothesis that other similarly or more advanced
civilization with this same capabilityand are broadcastingxist. We show that such searches have
unity probability of detecting even a single comparably advanced civilizatgmvhere in our
galaxywithin a relatively shorsearch time (few yearslf that civilization adopts a simple beacon
strategqywe c al | Ai nt elF that gielization ts deacpeirg iamagwavelength we can
dete¢ and IF that civilization left the beacon on long enough for the light to reach usméms

blind beacon and blind searskrategy he civilization does not need to know where we are nor do
we need to know where they afidis sameébasicstrategy can be extendedextragalactic distances.

Keywords: SETI, Search for Extra Terrestrial Intelligend®@E-STAR, Directed Energylaser
Phased Array

1. INTRODUCTION

One of humanities most profound questions
obses much of humanity from the extremetiverse backgrounds and interests from scientific,
philosophical and theologicaProof ofthe existence of other forms of life would greatly influence
all of humanity. The great difficulty in finding life is that our physical explorat{pfanets
physically exploredjs woefully inadequate with faactionalsearchcurrently of order 18° sincethe
number of planetsbased on the recent Kepldata and the estimated number of stamspur
universe is estimated to be of order®f and we have visited of order unipfanets For the
foreseeable future we lack the ability to physically searabh keyond this. With remote sensirag
has been the domain of traditional SETI programes can greatly expand this search fraction
assuming that there are other civilizations with comparable or greater technological evolution to our
own AND that suchcivilizations are actively seeking detectiam parts of the electromagnetic
spectrum we can search isll such remote sensing searches require us to make assumptions that
may have no basis in reality. Hence the great difficulty in converting searchigegments 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.dAtection would forever change humanity while an
upper limit based on our assumptions has @aily mod e s t effect. This 1s
payoffo ar e and alivays ihasq lbeend § al ways we ar e Anow
Aant hropomorphico centric in that we expect a
their desire to answer tteame profound question AND to go about searching in a similar manner.
However, i f didtehed c ibwit | idziadt i oants s p e a k duniversaé r e  w
silence.Hopefully, other advanced civilizations do not share our relative silence. iBuseand



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 representabout 1% of civilized huin existence less than0.1% oftotal human existence,

less than 10 of life on Earth andess than 18 since the first stars and galaxifsmed. While
predictions are fraught with uncertainty, especially those concerning the future, it is somednat ea

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

2. TECHNOLOGICAL DEVELO PMENT

One of the enabling technologies thatakevant ighe extremely dramatic progress in solid state

lasers and iparticular to laser amplifiethat can be arrayed into larger elements. The latter point is

the analog of phased array radar that is becomimge commonAn analogous revolution is taking

place in visible and near IR coherent systems allowing for free space beam combining withrno uppe
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 gy\®@ose 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 semiconduor computational domain per computationaheent (CPU) is approximately 15

years over nearly 8ecades of time. We plot the poviesm CW fiber lasers as analog to the

CPU,and see the doubling time over the last 25 years has been approxitmatgars o20

months. This is remarkably similaro i Mo o r amdhas nat divvadlateau yet. CPU speed hit a
plateau for Si devices nearly a decade ago and the path forward has been to increase the number of
processor$ ie to go toward parallel corager. 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 mul ti core CPUOGs being multi spectral i nj ec
which now exceeds 30 Kw per fiber. It gimated that this can be pushed to beyond 100 Kw per

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

of arrayed (parallel) directed energy systems bdlotwve ony assume 1 Kw per fiber that we have

already achieved he efficiency of laser amplifiers is nearly 50% and thus only matisiency
improvement is possible since we are already within a factor of two of unity. The power density is
currently at about Skw 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 dég®ns to direct
energy for revolutionary purposes one of which
truly a remarkable statement. The question tha
civilization do they have similarcapabi t i es 0 and i f so are they dir
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 17 Fiber laser CW output power vs year over the past 25 Yeaed 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 o{i,2,3]. A numter of searches have looked for optical signatures, though few
were able to be done systematicallye to practical and funding limitations-18]. We will

assume that the civilizations we are seeking have directed ezraahility to equals axceed

our currently and reasonably projectegbabilityin the near future. This is a modest assumption
given the rapid advances in this ase@l we will see that we already possess the basic
technology to see and be seen across the entire holrizparticula we will assume that the
civilizations possess the ability to build the equivatgmur DESTAR program, namely phased
arrays of lasers. This allows for a significant advances beyond what has previously been done
and has the long term capability allogiaxtremely large systemsis this latter tha
dramatically changes tf&ETIanalysis We assign the same civilization classificati¢denoted
as S)scheme as we use for the 3HAR array classification where the civilization class
indicates both thpower level and beam size of the emitted |ad&r.assume a standard DE
STAR (9 with nominal Earth like solar illuminatiorr§ =1400 w/nf at the top of the
atmosphereand a square laser array size (d) where d(n)aft beam divergence full angfe
2 (MYdm)=2a1Vand sol i d Ffxhadl0® foismalltaigles The power is
asstned to be CW rather than pulsedtwét value of approximate P(kw) =1410°°w h e gi®
the conversion efficiency of solar to laser povedfy, * effge)

(@)
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Thecritical observable is the flux (w/hat the (Earth) telescope and this is the transmit power P
(W)LY w h €m) s thé (luminosity) distanc&hus the critical ratio at given distance is
PWY/Y ( st) . -FTAR system BXElass S we have

P(W)/ Y (st) = Fe 3 10794 82 10%° =1 4 0,0 ¢ 10°= 3 55101

We can thus calculate the civilization class S from any system with a given poweriend sol
angle, even if not a DISTAR class system, as

S =Y Logo ([PW)/Y (s t3)5]QBY= ¥4 Logo ([P(W)/ Y ( s t1759))(

We assumé} = 0.5total 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% rurst

efficient systems).

For reference a class 0 civilization would possess the equivalent of a 1 meter diameter optical
system transmitting approximatelykw while a class 4 civilization would be able to build a 10
km array with transmitting approxiately 100 Gw and a class 11 civilization would be able to
harness the power of a star like our &nd convert it into directed energy class5 civilization
would be similar in this sense to a Kardashev Type | while a tlaswilization would be

similar in this sense to a KardashBype Il or similar to civilization that can harness a typical

star We are currently about a class 1.5 civilization and rising rapidgyalready have the
technological capability to rise to a class 4 civilization in deistury should we choose to do so.
As oneexampletwo class3andabove i vi | i zat i o rother acwssth@enttee 0 e ac h
horizonmodulo the time of flight. Here we use the term (entire horizon) to refer to high redshift
galaxies we feel have had safént time to develop life. This is discussed further below.
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Figure 271 Civilization class and laser emitted power level (CW).
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Flux and Magnitude Equivalents vs Civilization Class and DistanceWe can now compute the

flux at the Earth from a distant civilization which we show in Figuréhi# distances are the

effective "luminosity distance" which at non cosmological distances is simply the normal Euclidean
distance we are used to measuringcdgmologically 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
magnituek 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 colneséaser 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 astrok®oan be seen at

the distance of the typical Keple planets (~ 1 kly distant) a class 4 civilizatiorfoperating 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 ~ 5while the same civilization at the distane 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

Photon Flux vs Class and Distance
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Figure 31 Photon flux at Earth vs civilization class and distance. Distances are luminosity distance. See below for
cosmological effects at higher redshift.
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Figure 41 Equivalent photometric magnituds 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
4.1K Corrections due to dust and gas

Gas and dust in interstellar and intergalactic space absorb and scatter ratisios.sometimes
known as fAreddeningo since the SED afdgthemmeddi st ¢
portion of the spectrum as the dust preferentially absorbs and scatters the shorter wavelength light
(the Abluer parto) and all ows more of the | on
through. This is analogous to the redderdfighe 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 isumenadahe dust. Thaifference

bet ween the as observed and as emittedKiys wa\
conventionally given in magnitudesmddepends 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 affedtbd.interaction with neutral gas is generally

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

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

source of interactiometweenphotns and matter (primarily electrons here) but the densimes

average are low enough that this is not a serious concern except in (rare) highly compact regions.
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F, (/) =flux without dust and gas

F (/) =flux with intervening dustand gas

m,(/ ) =magnitude without dust and gas

m(/ ) =magnitude with intervening dustand gas

a( /) =attenuation coefficient from dustandsga

K (/) =K correction magnude due to intervening dustand gas

Note thata (/)depends on the target dittand distance

F(/)IF,( h=€?"" 1transmission

Since magnitude differences are defiasdhe log of flux ratios we have:
K(/)rm(/) -m( ) 25log[F( ¥/ F()l/ 2.5log[e*”] 2.5=( alod(e)~1.86 ( )
m(/)=m( ) +K( )/{hence the term K correction}

The transmission thru the dust and gagiven by:

F(/)/ Fo( /) — e—a(/) :e-K( ¥2.5l0g(8 _ g 092K ()
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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 typecaktinction coefficient decreases with increasing
wavelength.
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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 lensimgli known but not
on the small angular scales that may be relevant here. In addition there is a time varying component
due to the motiof matter There are numerous studies of gravitational lensing in the visible as well
as tre large scale power spectrum studied by the Planck mi¢Bianck collab 2016)5]. The
primary issue here is less the overall deflection of the beam but rather the gravitational focusing and
defocusing that may occwon close approacketo stars(Maccone2009]16]. This overall area
requires a more sophisticated simulation for various realizations and will not be covered in this
paper.

5. FUNDAMENTAL BACKGROU NDS

5.1Backgrounds relevant for detection

In order to determine the signal to noise of the return Bigaat is necessary understand
the nonsignal related sources of photonBhis is generically referred to as the backgroumtiere
are a number of such backgrounds that are importaaing outward from the detector to the target
and beyond, theris:

Dark current andireadout noiseassociated with the detector

Thermally generategphotons in the optical system, under the assumptionthieabptical
system is mostly running near 360

Photon statisticef the received signal.
Atmospheric emission sky glow if the observations are inside the Earths atmosphere.

Solar system dust that both scatters sunlight and emits from its thermal sigatsten the

solar system is typicallat a temperature of about 2B0 This is generically called Zodialca
scattering and emissiprespectivelyor 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 fAsol ar systemo

Distant background stars that are in tieédfof 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 optgyatem can be an issue as well.

Scattered galactic light from dust and gas in our galaxy.

The far IR background of the univerdmown as the Cosmic Infrared Background or CIB
This is the total sum of all galaxies (both seen and unseen) in the fielemofrvthe laser
band



1 The Cosmic Background Radiation or remnant radiation from the early univétse is
negligible forshort wavelengths.

In all of these cases the fact that the laser linewidth (bandwidth) is extremely narrow (from kHz to
GHz dependig on the laser desiyrand the field of view is extremely narrow, mitigates these
effecs which would otherwise be overwhelming for a broadband photometric band survey
Heterodyning isalso possiblecould be used in the future but is not assumed as wetposses

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 2889%tudied by numerous other
experiments including the recent Planck misgitf28,29,30] 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 wavelengthse ar 1 e m anddifabedttdestr ecampone
On large angular scales (degrees) it is largely isotropic though at very small angular scales (arc sec)
individual sources can be detectethe diffuse CIB componentising data collected HYIRBE, is
shown inFig. 6.
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5.3Zodiacal Light

Like the CIB the zodiacal light has two components and both involve dust in the solar system
and the SunThe sunlight both scatters off the interplanetary dust grains giviaggeetight in fogd
effect as well as heatinpe dust grains which then refate 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 "Gegenscheimand traces the ecliptic plandhe dust grains are in rough equilibrium through
being heated by thSun and cooling through their own radiatiofhis background igiot 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 instrurhen COBE27,28,29] As seen irFig.7,
based on some of the DIRBE mseeements, the brightness bbth the scattered and emitted
components vary dramatically with the observed line of sight relative to the ecliptic platiee
plot the angle relative to thelgatic plane is given by the ecliptic latitude (Elat) where Elat = 0 is
looking in the plane and Elat = 90 is looking perpendiculre situation is even more complex as
the scattered and emitted components vary with the @&autisition in its orbit arond the Sun By
comparing the CIB and th&odiacal light, it is clear that even in the best lines of sight
(perpendicular to the ecliptic plane) the Zodiacal light completely dominates over the=GiBhe
JWST mission th&odiacallight is typically the limiting factor for IR observationgor example
However, since illuminatiomvill occurin a systemwith an extremely narrow laser bandwidth, and
detection occurs with matched narrow bandwid{allowing for Doppler shifting) it is possible to
largely reduce the Zodcal lightand the CIB to negligible levelShis is not generallytrue for
broadband photometric (typically 30% bandwidth) surveys

11
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5.4 Optics Emission

The optical emission from the telescope also needs to be consitleeedptics are assumed
to be at roughly 300 K for simpliy (this could be changed in some scenarigsjing a brightnas
of about ¥10’ psm*s-e m f or unity emissivity thebaselneor a
wavelength ofL . 0 6. Uaityn emissivityis clearly an over estimate but represents a worst case
Under the assumption of a diffraction | imited
& ~10"m’AZrwhere A is the effective receivilTeg are
bandwidth of reception must also be includétere a matched filter spectrometerheterodynings
assumed (to get Doppler) with anolvidth equal to the laser limédth. As mentionedabove, this is
typically10® - 10'° Hz or approximately #10™*! to 4x10° ¢ m The total per sub element is thus an
emission of about»10° to 4x10™'° ph/s again for an emissivity of. 1This is an extremely small
rate compared to thether backgrounds (air glow, Zodi, CIB) as well as the signal itSelinparing
the optics emissiomf 1x10" ph'sm*sr-e m f or uni ty emi ssi vi tshowso t he
the CIB andZodiacal lightare both much largehan the optics emission

12
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5.5 Atmospheric Transmission and Radiance

For studies inside the Earthos atmosphere we r
atmosphereWe consi der the transmission and ther mal
different observation scenas 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 strategwalespae 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.
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Figure 107 Left: Atmospheric transmission from 0.25to 2 microns. Right: Transmission from 0.25 to 10 microns
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5.6Non LTE Atmospheric Emission

There are additional processes in the Eartho:
equilibrium with the atmosphere. In particular various atomic and molecular transitions are excited
by the solar wind and other egetic phenomenon. In the visible and IR there are a variety of non
LTE lines that are highly time variable include Oxygen and OH emissiogeneral these have
modest low spatial frequency variations but the variable background rates will be an issue at
extremely low intensitiesOH emission originates at altitudes above 80km typically and is most
problematic in J (1-1.3 microns) and H (1:%.8 microns) bands with some in (B-2-4 microns)
band.Rousellotet al (2000) have computed the theoretical OH speftdd32 lines from 0.6 to 2.6
micronsand spectrometers at major telescope measuterigfger OH lines. As mentioned the OH

line emission is highly variably both temporally and spatiayd lines ae extremely narrow
(unresolved at R=10,000here R+/ kP and while there are many lines they occupy a very small
fraction ofthe spectrum due to their narrow linewidthhere is also a very large dynamic range in
predicted OH line emission (over 14 ordefsmagnitude). 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 larg8TBE system as

an exarmple of the narrow nature of the lines and their spacing near the Y@ higeis 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 braad@me 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 inthe 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 bandThe use of aperture photometry andthgtic 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. h 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 b&éndicrons the OH
emission is relatively small. The primary problem occurs between 1 and 2.4 miepoihsoad band
photometric systems non thermal emission dominate out to about 2 microns. For narrow bandwidth
or spectroscopic systems zodiacal emissiath scattering dominates out to about 1.5 micrionthe

long run space based searches are preferred.
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Figure 12 - Left: Theoretical OH emission lines from 0.6 to 2.6 mictoRégght: Expanded region close to 1.064 micidin laser
line. From Rousellot et al (2000) Note that the theoretical excitations leading to emission does not necessarily maisiwr &t me
atmospheric OH lines due to excitation mechanisms in the atmosphere.
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J Band OH lines 1.1 to 1.4 microns H Band OH flux 1.5 to 1.8 microns
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Figure 13- Left: Measured J band OH emission at Subaru telesedight: Measured H band OH emission at Subaru telescope.

5.7 Measured Total Sky Background

For the best observatory siti® sky background minimum is abd&it22 mag/sq arc sec in V band
(centered ab-~0.55um with bandwidtlgp = 0.1um) This corresponds to a flux of approximately
10-50 photonsé-m? -sq arc sec. This includésermal as well as non thermal processes (air glow) ,
zodi, unresolved stamstc. 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 towantts IR the thermal emission othe
atmosphere and optics as well as OH lines begin to domintitéOH diminishing beyond K band

(2.4um) .

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 ad spatial functionSome Hg and Na lines from HID lights are notable and
increasingly LED lighting though the latter is generally broadband due to phosphor coaliimgs.

these are site dependent and can be mitigated by observing targets at mubipp@doand over
multiple time scales.
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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 lineannedso 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 modulaossible
positive targets.

5.10 Unresolvedstellar background

In many surveys we Winot 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 positiomithe galaxy it is unlike the 8lin 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 lokgroaind in addition to

the continuum backgroun@or example the dark sky background2@mag/sq arc sec in V band
includesthe unresolved stellar background among other backgrounds. As one example consider stars
like our Sun. The Sun has an absolutggnitude (apparembagnitude if it were placed at a distance

of 10 pc) ofM, = 4.83and an pparent magnitude ynvs distance d(pc) of ytd) = M-5+5log(d(pc)).
Imagine we place the Sun at 10 Kppproximately the distance from Earth to the galactic cemier
about 1/ 3 the #fqd.iThe marentrmagnitudemiuour Sgnavbudd xhgmide=10

kpc) = 19.8. To put this in perspective thghotonflux of m,=0 star isabout 16° g'ssm? (this
depends on the equivalent temperature of the $tarjcea star with g=20 (approx that of our Sun

at d=10 kpc) would have a flux 000 g'ssm® Our galaxy has an average stellar density of
approximately 1 star/sq arc séicour galaxy has a uniform distribution of stars like our Sun all at a
distance of 10 kpthen would expect a stellar flux of aboutdigls-m?-sq arc sein V band which is

close to thedark sky flux of about 160 g/sm*msq arc sein V band.Since the flux from a laser
associated with a planet near a star and the flux fharparent star both scale inversely with the
square of the distance to the star we will see that the stellar flux is a relatively small notge so
when we calculate signal to noise ratibte that for a diffraction linted systen(1 pol) A Y £2.

As the unresolvedtellar backgroundignal is proportion to both thelescope 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 anygiven direction wewill have anumber 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 sometdithitiion

possible civilizations. On average in a square arc second, typical of ground based seeing without
adaptive optics, we will havan unresolved and undetected distant galaxy at an unknown redshift.

5.12 High Redshift surveys

We can detect civilizatns at a variety of redshifts and this poses unique oppoesirand
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 redshifThe distances we normally gie are luminosity distancewen 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 ta Euclidean distance about 150 GlyWhile 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 e for life to evolve. For reference our evolution on Earth is abauGyr.

We also show theomovingvolume of the universe vs the redshift we observe to as well as the
normalizedcomovingvolume explored to a given z relation to z=28ere 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=R0only about 150 Myr after the beginning and this is likely

not sufficient time fo 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~15. We also show the normalizedmoving volume normalized to z8..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 usea concordance mod&@15 Planckwhich 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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