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“Two possibilities exist: either we are alone in the Universe or we are not. Both are equally terrifying.”
Arthur C. Clarke, 1999

Abstract
The Ĝ team (G-HAT: Glimpsing Heat from Alien Technologies) compiled a catalogue of 93 galaxies that could
host Kardashev-III civilizations [Griﬃth et al., 2015], using data from the WISE space telescope. Their method
was based on the detection of the civilization’s “waste heat”: as any physical process takes place, heat is being
released to the environment and it can be detected as an excess of the IR flux of the object. Garrett [2015]
combined the data from the Ĝ catalogue with the 20cm flux from the NRAO VLA Sky Survey (NVSS) and 9
objects with an anomalous flux excess at IR wavelengths were identified. This work is based on the the needed
follow-up observations for each of those 9 sources.
This work is divided into three parts: in the first part we explain the theory of the “waste heat” search method, in
the second part we give details about our submitted proposal for a submillimeter follow-up observation of NGC0814,
using the Atacama Pathfinder EXperiment (APEX) and in the third part we present a strategy for the required
follow-up observations for the rest of the candidates.

1. Introduction
1.1. Historical Overview
The idea of detecting and communicating with an alien civilization has been around since the late 19th century.
In 1896, Nicola Tesla suggested that a communication with Martians could be established with the use of an
extreme version of his wireless transmission system [Seifer, 1998]. Some years later, an article by Percival Lowell
was mapping the “canals” on Mars, proving the existence of Martians; he was so convinced that the structures were
made by an intelligent civilization, that the article was published in Nature in 1907 [Lowell, 1907]. As a follow-up
action, the United States applied a 36-hour “National Radio Silence Day” during the 21st-23rd on August 1924
as Mars was passing very close to Earth. During these 36 hours all the radiosignals were quiet for 5 minutes
every hour, and a raised antenna was trying to catch any potential Martian messages [Dick, 2000]. That was the
first experiment in the search for extra-terrestrial intelligence and the term “SETI” (standing for “Searching for
Extra-Terrestrial Intelligence”) was introduced for those kind of programs/experiments.
After that, the first theoretical work regarding the search for extra-terrestrial intelligence took place in 1959,
where the physicists Giuseppe Cocconi and Philip Morrison published an article in Nature, suggesting an optimal
wavelength that would be easily distinguished by ETI; that was the neutral hydrogen radioemission at 21cm,
the most abundant and one of the most basic and important signature-emissions in the Universe [Cocconi and
Morrison, 1959]. The first modern SETI experiment was based on this work and took place in 1960, where Frank
Drake examined the stars Tau Ceti and Epsilon Eridani using a 26-diameter-meter radio telescope [Drake and
Struve, 2007]. From that point numerous experiments were conducted, mostly by the Soviet Union and the United
States of America; as the Cold War was going on, the power and the status of the first country that would detect
aliens would soar.
Also, during that era, a historical landmark took place, as humanity made a first attempt to contact an extra
terrestrial intelligent civilization. On November 16th, 1974, a message was broadcast from the 305m-Arecibo radio
telescope to the center of the globular cluster M13; it is commonly known as the “Arecibo message”. The Arecibo
message is a pictogram –a combination of a “picture” and a map, loaded with encoded information– and it contains
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Figure 1: The “Arecibo message” that was transmitted on November 16th,
1974 by the Arecibo radiotelescope, in Puerto Rico, towards the
center of M13. The message consists of 1679 binary digits and the
shifting frequency was 10Hz; the approximately 210 bytes of the
message were transmitted in less than three minutes. The number
1679 was chosen as it is a semiprime, that is being produced by the
primes 23 and 73. The message is presenting some basic parameters
of the Earth and humanity, and in order for the transmission to be
“readable”, it must be mapped in a 73-row by 23-column matrix;
the alternative arrangement –or any other arrangement in general–
does not produce an understandable map. The features presented
on the message, from top to bottom, are:
• White: The numbers from one to ten
• Purple: The atomic numbers of the hydrogen, carbon, nitrogen,
oxygen and phosphorus – elements tha create the DNA
• Green: The formulas for the sugars and bases in the DNA: Deoxyribose, Adenine, Thymine, Phosphate, Cytosine and Guanine
• White: The number of nucleotides in the DNA
• Blue: A graphic representation of the DNA double helix structure
• White (left side): The size of the human population in 1974, that
was around 4.3 billion
• Red: A figure of a human
• White and Blue (right side): The average man height
• Yellow: A graphic of the Solar System, indicating the Earth
• Purple: A graphic of the Arecibo radio telescope antenna and its
way of transmitting (denoted by what it looks like an M)
• White & Blue: The diameter of the transmitting antenna
some of the most basic facts about earth and humanity, as some basic characteristic of the telescope, as seen in
picture 1. The message was approximately 210 bytes and it was transmitted at 2.38M Hz with a power of 1kW .
The shifting rate was 10 bits per second and the broadcast time was less than 3 minutes [Center, 1975].
The proper motion of M13 is quite small, therefore the message will eventually arrive near the center of the
cluster in about 25 000 years, but given the fact that humanity must wait for 50 000 years, one can think that
this is an already failed attempt. The truth behind this message emission is that it took place to demonstrate the
then-newly installed telescope equipment, rather than contacting an extra terrestrial civilization.
So far, we have found no evidence of extra-terrestrial intelligence whatsoever. The physicist Enrico Fermi
described the situation in the best possible way, using a single question: “Where is everybody?”

1.2. Probabilities and the Drake Equation
The Earth is a planet that orbits one of the about 2.5 · 1011 stars of the Milky Way, and the Milky way is one
of the 1011 galaxies of the observable Universe. The fact that the Earth is the only planet we know that hosts
intelligent life, capable to communicate, is quite odd, given the extremely large number of stars existing. Therefore,
how probable is finding a planet that hosts intelligent life, able to communicate? Shortly after the Cocconi and
Morrison [1959] study, in 1961, the astrophysicist Frank Drake wrote an equation in order to stimulate the scientific
dialogue in a SETI meeting, in 1961; this was the famous “Drake equation”:
N = R∗ · fp · ne · fℓ · fi · fc · L
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The parameter N is the number of civilizations in our galaxy with which radio-communication might be possible,
i.e. that lay on our current past light cone, the R∗ is the average rate of solar-type star formation per year in our
galaxy, fp is the fraction of them that have planets, ne is the average number of planets (of each star) that can
potentially support life, fl is the fraction of the planets that will develop life at some point, fi is the fraction of
planets with life that will eventually host intelligence life, fc is the fraction of the intelligent life that at some point
will develop technology that allows them to release detectable signals into space and lastly, L is the period that
such a civilization will send detectable signals into space. During that meeting, some estimated values were also
given to the variables Glade et al. [2012]:
• R∗ : 1 star per year
• fp : 0.2-0.5 of all stars formed will have planets
• ne : 1-5 of the above-mentioned planets will be able to support life
• fℓ : 1, as all of the planets will actual develop life
• fi : 1, as the life in all planets will be intelligent
• fc : 0.1-0.2 of the planets with intelligent life will be able to communicate
• L: 103 -108 is the period (in years) that the civilizations will last.
Therefore, the most pessimistic scenario is that 20 planets host intelligent, able to communicate life (N = 20),
while the most optimistic scenario is that number to be 5 · 107 . But according to Drake and Sobel [1992], it was
agreed that the most probable and realistic value is N ≈ L = 103 − 108 .
But the truth is that it is really diﬃcult to define the exact N , as we face multiple problems. The first, and most
important, is that the equation was written as a trigger for scientific dialogue and not as a quantitative equation
in calculating the exact number of civilization. More parameters may be necessary to fully define the N . Second,
the already-defined parameter values are not completely known and might be really hard –or even impossible– to
be defined. Also, they have been written over half a century ago and many values might have changed. And third,
the equation was written in 1961 and that time only radio searches existed. Today, as we describe in 1.3, there are
many “alternative” ways of detecting ETI. Therefore, the parameter values and the parameters themselves may
change regarding the method we are using.
A variation of the Drake equation, the Seager equation, was proposed by the astronomer Sara Seager as a
supplement to the original one. As it targets planets with biosignature gases, i.e. gases produced by the actions of
living organisms, its factors are calculated using spectroscopic data.
N = N∗ · FQ · FHZ · FO · FL · FS

(2)

The parameter N is the number of planets with detectable signs of life, N∗ is the number of observed stars, FQ is
the fraction of those that are quiet, FHZ is the fraction of those that have rocky planets that lie in their Habitable
Zone, FO is the fraction of those planets that can actually be observed, FL is the fraction of the observable planets
that have life and FS is the fraction of those living planets that show signs of biosignatured gases. The equation
was created quite recently, as the massive amount of data collected from the continuously discovered exoplanets
allowed us to start looking for signs of extra-terrestrial life.
Despite the promising number of extra-terrestrial intelligent civilizations we get from the equations, to this day
we have no signs of it whatsoever. This state is described by the “Fermi-Hart paradox”: despite the high odds of
finding extra-terrestrial life, we have no trace of it [Hart, 1975]. There are multiple explanations for the paradox,
such as suggestions that intelligence life is rare (also known as the “Rare Earth hypothesis” [Ward and Brownlee,
2000]), the intelligent civilizations are not willing to communicate, or even they are not able to perform interstellar
voyages.

1.3. SETI programs
Since the first SETI program in 1960, that was limited solely in radio-search, today we have multiple SETI programs
and experiments that approach the extra-terrestrial search from many diﬀerent aspects, even using the most
unorthodox ones.
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Figure 2: Earth’s atmosphere “behavior” on electromagnetic waves penetration. The gray areas denote the transparency of the atmospere on a specific region, while the black areas denote the opaqueness of it. The
“height” of the figure denotes the percentage of absorption of a electromagnetic wave, i.e. in the region
30 − 90µm only a fourth of the incoming electromagnetic wave passes through the atmosphere while the
rest is absorbed/scattered.
1.3.1. Radio-SETI
As seen in figure 2, Earth’s atmosphere is almost completely transparent in some wavelengths (noted by the gray
areas), while is almost completely opaque in others (noted by the black areas). Radio-SETI is based on the analysis
of radiosignals and as radio-telescopes are located solely on the surface of the Earth, it targets wavelengths that
lie in the gray areas. Thereafter, each signal is divided into narrow bandwidths that are analyzed and tested
for “abnormalities”, i.e. repeating patterns, encoded information etc. In addition, some quiet bandwidths are
ofter “targeted”, such as the waterhole – the range between the hydrogen 21cm and the hydroxyl 18cm emission
frequencies. The idea behind this is that an intelligent civilization will communicate by using this bandwidth, as
water is one of the basic components of life.
Due to its simplicity, radio-search was the first SETI method that was developed. The first radio-SETI experiment, named “Project Ozma”, took place in 1960: it used the Green Bank 26-meter-diametered radio telescope
and focused in the observation of the start τ Ceti and ϵ Eridani. The targeted frequency was at 1.42GHz, that
corresponds to the 21cm signature emission line of hydrogen. A band of 400kHz was scanned around the targeted
frequency, with a bandwidth of 100Hz [Drake and Struve, 2007]. It has to be mentioned that within the first day
of operation, signs of an “alien signal emission” were received from both of the stars, making Drake wondering
in awe “My god, can it really be this easy?”; follow-up observations showed that the alien signal was the secret
American aircraft U-2 Shuch [2011].
After that, the next milestone was marked in 1971 with “Project Cyclops”, where according to the design, the
radio telescope would have been consisted out of 1500 dishes, in a 10 billion dollar project. Eventually, the telescope
was not built, but the research for its design was the foundation for the work of many SETI programs (Oliver and
Billingham [1971], Oliver [1973]) with most important the Microwave Observing Program [Klein et al., 1993].
The Microwave Observing Program was canceled in 1993 by the US government [Garber, 1999], but it started
re-operating in 1995 with the help of the nonprofit SETI Institute of Mountain View, under the name “Project
Phoenix” [Cullers, 2000]; this was the first time that a SETI program is run by a non-governmental organization.
Currently there are several radio-SETI programs running. The most important of them are briefly described
below:
• The Allen Telescope Array (ATA) –formerly known as One Hectare Telescope (1HT)– consists of a 42 2.1meters dishes array, operating throughout the whole year. In 2013 a major upgrade took place and since
then the telescope survey ranged expanded to 1 − 18GHz (from the initial 1 − 12GHz), with a much greater
sensitivity than the original one. So far, all the detected “extra-terrestrial” candidate signals were either
generated by human artifacts (satellites or Earth-based transmitters), or they disappeared before the 1-hour
threshold [Williams et al., 2009, Backus and Allen Telescope Array Team, 2010].
• The Search for Extraterrestrial Radio Emissions from Nearby Developed Intelligent Populations (SERENDIP)
is a program, somewhat special, as it doesn’t have its own observational program, but it analyzes the deep
space radiosignals while the telescope is on an ongoing observation [Bowyer, 2011]; the observations using this
style are often called “piggy-back mode observations”, “parasitic observations”, or “commensal observations”.
Currently it uses data from the NRAO 90m radio-telescope at Green Bank and from the Arecibo 305m radio-
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telescope. SERENDIP ranges from 400M Hz − 5GHz, focused on the –so called– “Cosmic Water Hole”:
it ranges from the neutral hydrogen 1.42GHz to the hydroxyl 1.66GHz transition. The significance of the
“Cosmic Water Hole” is that supposedly, any intelligent species trying to communicate will definitely use
somehow those frequencies, as they are being produced by water-producing elements. In 2009, a newly
installed spectrograph at the Arecibo Observatory expanded SERENDIP observational strength to a 128
million simultaneous signal observation, covering a 200M Hz bandwidth. So far, 400 suspicious signals have
been found, but there are not enough data to support any possible ETI nature [Gindilis, 2004].
• The “Breakthrough Listen” is a major soon-to-operate SETI project. It was announced in July 2015 and it
will combine radio-SETI (starting in early 2016) with optical-SETI (starting in October 2016). The radioSETI part of the program will start by using about 20% of the annual observing time of the 100m Green Bank
radio telescope (compared to today’s 24-36 annual hours) and later, a quarter of the annual time of the 64m
Parkes radio telescope will be added to the project. The project range will be focused in the “quiet zone”,
from 1 − 10GHz; in that zone the earth’s atmosphere is completely transparent and in addition no cosmic
eﬀect can generate such radio waves. Also, it is going to be so sensitive that a transmitter of a common
aircraft will be able to be detected withing the 1000 nearest stars. The “Breakthrough Listen” is going to
target the closest one million stars, the closest hundred galaxies and also scan the galactic plane and center.
1.3.2. Optical SETI
In 1961, a new idea of communication between extra-terrestrial civilizations was born: they would communicate
using powerful lasers [Schwartz and Townes, 1961]. At first, Project Cyclops expressed some doubts regarding the
diﬃculty of building a powerful enough laser that it won’t be overshadowed by the host star’s light, but eventually,
a follow-up detailed study of Townes [1983] proved that the optical communication was feasible; additional studies
confirmed the idea (e.g. Ekers [2002]).
Although the idea is simple enough, there are two major problems with optical SETI. The first is that the
monochromatic nature of the lasers makes it diﬃcult for the “right” observation frequency to be found. The second
one is that as the beam is extremely narrow and highly directional, it can be blocked very easily by any large
structure, such as gas or dust clouds. Therefore, if Earth receives any extra-terrestrial laser beam it will be clearly
by chance.
Currently, several optical-SETI experiments are operating, such as the laser detector on Harvard’s 155cm optical
telescope (operated by the Harvard-Smithsonian group), the laser detector on Leuschner 76cm telescope (operated
by Berkeley), the re-examination of exoplanets spectrum (conducted by Berkley). In addition, there are several
future projects, such as the optical-SETI part of the “Breakthrough Listen” project, that is planned to begin in 2016
and it will use the 2.4m Automated Planet Finder (APF) telescope and the Harvard-Smithsonian’s now-building
1.8m Oak Ridge telescope.
So far nothing significant was found [Howard et al., 2000, 2007], but a strong argument for this is that we can
only scan a really small part of the sky. As soon as the new experiments start operating, there will be an almost
complete coverage of the sky.
1.3.3. Gamma-ray Bursts (GRBs) and ETI
As gamma-ray bursts carry a massive amount of energy (about 1044 J in just a few seconds; for comparison, the
Sun is releasing 1.2 · 1034 J per year) they can be clearly and easily detected in a really long distance. Therefore,
there are some ideas of GRBs being used by advanced civilizations communication between their colonies or other
civilizations. If some information could be encoded in a GRB, or even a “custom” GRB could being constructed,
there would be a convenient way of communication in great distances. In addition, those data could stay hidden
from other civilizations or colonies, as GRBs are highly focused.
Another, a little unorthodox, idea is that the GRBs might be the “exhaust fumes” of interstellar spacecrafts
[Harris, 1991]. In order for a spacecraft to perform an interstellar journey, a massive amount of energy is needed
that could be easily generated by antimatter annihilation. The “leftovers” of this annihilation will be a GRB pulse.
Therefore, a GRB source that has a high proper motion (about 1◦ /yr) may be an indication of an interstellar
spacecraft.
1.3.4. Extra-terrestrial artifacts
Communication with extra-terrestrial civilizations can be achieved even by using autonomous, intelligent space
probes that lie in deep space [Freitas, 1983]. Those probes, often called “Bracewell probes”, will be able to detect
signals coming from any extra-terrestrial civilization and as soon as they confirm the civilization existence they
will try to establishing a communication [Bracewell, 1960]. The nature of the signals is completely irrelevant, as

Project in Physics and Material Science

5

George Xystouris: SETI follow-up observations

Figure 3: The artifacts that mankind has sent so far. Left: a picture of Voyagers’ records cover. On the cover
there are instructions on how to reproduce the record, and also, a map with the position of the Sun to the
center of the Galaxy and to 14 known pulsars, and a graph of the hyperfine transition of neutral hydrogen.
Right: an illustration of the plaque that is attached to Pioneer. It shows the hyperfine transition of
neutral hydrogen and a map of the position of the Sun to the center of the Galaxy and to 14 known
pulsars –both of them are the same as in Voyager’s artifact–, a figure of a man and a woman, our Solar
System with the trajectory of Pioneer, and the silhouette of the spacecraft.
they could be active SETI signals, telecommunications signals or even radio-noise. The advantages of the deepspace probes against the active radio SETI: lower cost, lower energy consumption, faster communication when the
connection is established, use of a less complex technology etc. [Freitas, 1980]. There have been tries in detecting
such artifacts sent from alien civilizations, but also, we have sent “passive” (i.e. a probe that cannot communicate,
but carries information about the Earth) artifacts as well.
The detection of such artifacts is based on the fact that there are specific orbits and orbital points that a body
can lay “still”, with respect to some bodies. Such points are called “Lagrange points” and they are the perfect spots
for a space probe to be located and stay close to a civilization. There were studies examining several Lagrange
points of multiple dynamical systems in our solar system (e.g. Earth-Moon, Earth-Sun etc.) for extra-terrestrial
artifacts, but nothing unusual was found [Freitas and Valdes, 1980, Valdes and Freitas, 1983].
Also, we must note that Earth has already sent passive artifacts (seen in figure 3), attached on both of the
Voyager probes and both on the Pioneer probes. The artifacts on Voyager 1 and Voyager 2 are gramophone records
and they contain 115 images and several sounds and from the Earth, such as sounds of animals, a greeting message
in several languages, some classical music tracks etc. In addition, their cover has instructions of how to reproduce
the audio and images and also shows the position of our star and the two basic states of the hydrogen [Sagan et al.,
1978]. In the case of the Pioneer 10 and Pioneer 11 probes, the artifacts are 9 by 6 inches (229mm by 152mm),
gold-anodized, aluminum alloy1 plaques. The information that are engraved on the plaques are: the hyperfine
transition of the Hydrogen, a figure of a man and a figure of a woman, the relative position of the Sun to the
center of the Galaxy and to 14 pulsars, some details about our Solar system and the Earth’s position in it, and
the shape of the Voyager probe [Sagan et al., 1972]. Unlike the Voyagers artifacts, the Pioneers’ do not require any
reproductive material, as they are practically engraved maps.
1.3.5. Technosignatures search
Another alternative to the more traditional, signal-based SETI is to search for signs that only technologically
advanced civilizations could generate. Those can be either artificial structures around an object, also known as
“astroengineering”, (planet, star, etc.) or distinctive signatures of civilizations existence (e.g. specific lines in a
planetary spectrum).
1 Specifically,

the alloy used is the “6061”: a precipitation-hardened aluminium alloy that contains magnesium and silicon as its major
alloying elements
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An example of an astroengineering structure that may be detected is a Dyson Sphere [Dyson, 1960]: a sphere
of “solar panels” around a star. It is based on the idea that as a civilization grows, the energy needs are growing
exponentially. While the planetary energy deposits are limited, stars produce a very large amount of energy, that
can be harvested with minimal costs [Wright et al., 2014b]. A structure that big, even if it is incomplete, will alter
the brightness of the star along a specific line of sight. Recently, a star, named KIC 8462852, was found to have a
weird, non periodical light curve. A speculation of this behavior is that a partial Dyson sphere is built around it
[Wright et al., 2015], but follow-up radio observations showed no emission of radio signals [Harp et al., 2015].
Moreover, the spectrum of a planetary atmosphere can reveal possible signs of technological advanced civilizations. For example, the industrial era of Earth “polluted” its atmosphere with nitrogen dioxide and chlorofluorocarbons (CFC); both of them are easily recognizable in Earth atmospheric spectrum (e.g. Lin et al. [2014]).
In addition, the spectral energy distribution (SED) can also reveal evidence of an advanced civilization activitirs.
Based on the second law of thermodynamics, the entropy of a system must be increased always2 , therefore, in any
process –or series of them– the used energy must be reradiated back to the environment. This radiation takes place
in the form of thermal radiation and that’s the reason this idea is called “waste heat search”. In conclusion, if an
object (planet, moon, galaxy etc.) has an excess of thermal IR flux with no apparent reason, it may be a sign that
an alien civilization is located there.
The “waste heat” search is the search method that Ĝ program is based on. In section 2 a more detailed analysis
of the program will be given, along with its advantages.

2. “Waste Heat” method and Ĝ
2.1. “Waste Heat” overview
As we mentioned above, the “waste heat” is a search method that tries to find inhabited planets or galaxies based
on the heat that is released to the environment after every process. The used energy source (e.g. nuclear, solar etc.)
as well the number of processes that took place are irrelevant. So, based on the second law of thermodynamics,
the entropy always needs to be increased, and therefore the used energy must be reradiated to the environment as
heat. Dyson [1960] stated that a Dyson sphere with a radius comparable to the Earth’s orbital radius, constructed
by known materials, would be heated to a surface temperature of 200 to 300K; this corresponds to a radiation of
∼ 10µm. But for galaxies, it is hard to calculate the exact radiation range, since we would need to take in mind all
the diﬀerent types of stars and the temperature that each Dyson sphere is operating at [Zackrisson et al., 2015].
So, the only certain thing is that the heat radiation will take place in the IR to sub-millimeter range. Therefore, a
heat excess, without any apparent reason, of an object –either a planet, a galaxy, a galactic cluster– may be a sign
of the existence of an alien civilization.
The waste heat is easily distinguishable against the dust emission (that is also an IR emission), as it will be
evenly, smoothly dispressed along the galaxy, while the dust emission appears lumps in the object IR emission
map. Moreover, the “waste heat” search has two major advantages against the radio search:
1. it is not necessary for the civilization to be radio-loud. Even if the civilization chooses to be extremely
radio-quiet for blocking any contact eﬀorts, the waste heat glow around the host star/galaxy will still exist
2. it is not necessary for the civilization to be human-like, or even living-organism-like. Anything that processes
energy will generate the waste heat glow around the object, even if the object is inhabited by robots

2.2. Ĝ overview and target group
Ĝ (or G-HAT) stands for Glimpsing Heat from Alien Technologies and it is looking for the waste heat of extra
terrestrial civilizations. Ĝ target objects are supercivilizations3 that colonized their entire host galaxy — or a very
large part of it [Wright et al., 2014b]. The colonization of an entire galaxy is plausible, as has been shown by
simulations: in the best case scenario can take place in about 106 years [Tipler, 1980, Cirkovic, 2009], while in
the worst case scenario can be extend upto 1010 years [Newman and Sagan, 1981]; this is less than the age of the
universe. Ĝ calculations showed that if the launching rate of the colonies “seeds” was 102 colonies per M yr and
the cruising per colony speed was 30km/s, a galaxy could be colonized in ∼ 108 − 109 years [Wright et al., 2014b].
As there is an exponential relation between a civilization size and its energy needs, a supercivilization would
need an enormous amount of energy [Wright et al., 2014b], and as Wright et al. [2014b] stated “starlight contains
most of the useful free energy in a planetary system, so we expect that any long-lived ETIs [...] will primarily
2 In

an ideal system, with no losses, the entropy can, at the most, be the same as prior to the process.
term “supercivilization” describes a civilization that some of its colonies are farther than 1 human light-lifetime –or about 85
light-years– apart.

3 The
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be driven by stars’ energy”. Therefore, it is expected for each colony to “harvest” its host-star starlight –e.g. by
building a Dyson sphere around it– so it could cover their energy needs. Collectively, the supercivilization would
have the required energy to sustain itself and even grow bigger. For the characterization of a civilization based on
its energy requirements/consumption, the “Kardashev scale” is being used [Kardashev, 1964].
2.2.1. Kardashev scale
Type I : It is referred to civilizations that consume 4 · 1012 Watts. These civilizations are almost Earth-like and
they depend solely to planetary resources.
Type II : It describes advanced civilizations that consume 4 · 1026 Watts. These civilizations have the ability to
harvest and use the entire energy of their host star.
Type III: This is referred to the most advanced civilizations, that consume 4 · 1037 Watts. These are supercivilizations that can harvest the starlight of their entire host galaxy.
It worths mentioning, as a scale of comparison that, if we wanted to categorize the Earth as a Kardashev type
civilization, its the energy consumption of ∼ 1.7 · 1013 W [Kleidon, 2010] will rank Earth as a somewhat Type
I-and-a-half civilization. In addition, we must mention that a variation of this categorization exists, eliminating the
gaps of factors 1010 and using non-integers. The “Kardashev” number of this “new” categorization is calculated
using the formula
( P )
log10 10M
W
(3)
K=
10
where P is the total energy supply, measured in units of 10MW [Sagan, 1973]. Based on the new categorization,
Earth’s current energy supply makes it a K = 0.7 civilization.
As a “supercivilization” has already colonized an entire galaxy, it is expected to be a Kardashev-III (K-III) type
and as the relation between a civilization and its energy needs is exponential [Wright et al., 2014b], the waste heat
signature of a K-III will be enormous and clearly detectable.
In addition, we must note that the only limitation for Ĝ is the civilization’s total usable energy, that will
eventually will be radiated as heat. The way the energy was gathered or created is completely irrelevant.

2.3. Definition of Twaste
In every process there is the “input” energy section, that refers to all the energy sources used, and the “output”
energy section, that refers to the results of the energy that is being used. As each civilization uses various energy
sources, we can create two groups for the “input” section: the energy that comes from starlight collection (symbolized as α) and the energy that comes from all the rest of the sources (symbolized as ϵ). For the “output” section
we can have the energy that is being radiated as waste heat (symbolized as γ) and the energy that is being “lost”
in any other way, e.g. neutrinos emission (symbolized as ν). Therefore, the following equation should always be
true:
α+ϵ=γ+ν
(4)
We can accept two approximations for equation 4:
• In general, the non-thermal energy loss is much less than the thermal one. Therefore, we can say that ν ≈ 0
• As a K-III civilization is huge, we can accept that almost all of the energy it uses will be harvested stellar light.
Therefore, we can say that ϵ ≈ 0. We can support this argument with two simple thoughts: a civilization
that advanced has the expertise of harvesting the stellar light with the least possible loss and in addition, as
stated above, the stellar light is the most abundant, free form of energy in the universe.
So, with the approximations above, the equation 4 becomes:
α≈γ

(5)

The Spectral Energy Distribution (SED) of a galaxy connects the luminosity, Lhost and the flux, Fλ on a given
distance d, as follows:
Lhost
λFλ =
(6)
4πd2
Since we want to study the changes on a galactic SED that are taken place by non-natural factors, we introduce
the unitless factor fhost , that will describe them, as seen in equation 7:
λFλ = fhost
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Figure 4: SED of the spiral galaxy ACS-GC 90043805. The blue line is the simulated emission from the stars, while
the red line is the simulated waste heat emission in case the galaxy was colonized by a K-III civilization.
The orange line is the accumulated emission from both the stars and the waste heat. In addition, data
from WISE were used. The model was based on equation 8, using the parameters α = γ = 0.20. It was
found that the “waste heat” temperature for this galaxy is Twaste = 200K.
In the case of the galaxy being uncolonized –i.e. no light is being produced by non-natural sources– the factor
fhost is equal to 1. If we add a K-II (or-higher) civilization in a galaxy, a part of the galactic stellar light will be
absorbed by the civilization, and will be re-emitted as heat. This change will alter the galactic SED, as presented
in equation 8:
[
]
λπBλ (Twaste )
Lhost
λFλ = (1 − α) fhost + γ
+
ν
·
f
(8)
nt
4
σTwaste
4πd2
α, γ and ν are the same parameters as were described above, while Bλ (Twaste ) is the specific intensity of the Planck
function at T = Twaste , and fnt is the non-thermal unitless factor, depended on the non-thermal radiation profile
of the galaxy. Those equations are based on Wright et al. [2014a]). The expected temperatures of a civilization’s
waste heat are in the range of Twaste ∼ 300K. Figure 4 shows a typical colonized galaxy SED profile (original data
for the image were taken from Griﬃth et al. [2012]). The blue line is the expected SED of a galaxy with no K-II+
civilizations, the red line describes the modeled “waste heat”-radiation in the case that the galaxy was colonized
by a supercivilization, while the orange line is the combination of the two lines: the “star line” and the “waste heat
line”.

2.4. Earth Twaste
In this point, it worths adapting the above mentioned parameters to the Earth case. We assume that Earth has
an energy supply of about ∼ 1.7 · 107 M W , mostly from fossil fuels. The total sunlight energy that shines on the
Earth’s upper atmosphere is about ∼ 1.7 · 1011 M W , but only about 5% of that amount is being used4 [Wright
et al., 2014a]. Therefore, for the Earth case the parameter α will be 0.05 and, considering that the non-thermal
energy loss is negligible, the γ factor will be about 0.05 as well. Using equation 8 with the above mentioned values,
the Earth waste heat temperature is about 285K. Table 1 presents the calculated values of all the parameters,
using the above mentioned values.
Also, we must note that Earth is considered as a system in its whole, and therefore, all the processes that
take place on it, even those of the living organisms (e.g. photosynthesis, food consumption etc.) are taken into
consideration for the extraction of energy values.

4 We

must mention that the combined energy produced by photosynthesis of all living organisms is about 2 · 108 M W
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Parameter
α

Value
∼ 10−7

ϵ

∼ 10−4

γ
ν

∼ 10−4
≈0

Twaste

∼ 285K

Notes
Earth receives ∼ 1.7 · 1011 M W , but only ∼ 2 · 108 M W are being
used
∼ 1.7 · 107 M W are being generated, mostly from fossil fuel and
some from nuclear fuel.
≈ϵ
This parameter for Earth refers to radio transmissions, neutrino
losses and both kinetic and potential energy loss from spacecrafts
This is the Earth ambient temperature

Table 1: Values for the parameters, as were calculated by Wright et al. [2014a], using values from
Kleidon [2010]. We must note that many simplifications took place in order to calculate these
values, as it is assumed that the Earth is in an energy steady state. Therefore, the sunlight used
for passive heating and agriculture, the stored chemical energy in food and batteries, the postindustrial era temperature increase, the greenhouse eﬀect, the albedo eﬀects, as additional eﬀects
and parameters are all ignored. (Table adapted from Wright et al. [2014a]).

2.5. Ĝ-catalogue expansion and the final catalogue
As Ĝ focuses on the IR waste heat signature of a source, the data that were used were retrieved from WISE
(Wide-field Infrared Survey Explorer), a Low Orbit, IR satellite. Ĝ used the data of WISE bands W1 (referring
to a wavelength of 3.4µm), W2 (4.6µm), W3 (12µm) and W4 (22µm) and after applying a series of diﬀerent color
indices, a catalogue of 32 502 sources was compiled, the so-called “W3 Extended Gold Sample”. The objects of this
catalogue objects correspond to real sources in the W3 band with red MIR colors. Then, the parameterization of
subsection 2.3 was applied to the sample and the 563 real, extended sources for which γ ≥ 0.25 were distinguished,
compiling the “Extended Platinum Sample” [Griﬃth et al., 2015]. Finally, Ĝ created a sub-catalogue that contained
93 red sources that:
• Had no or few publications in SIMBAD database
• Had some or no ancillary survey data
• Their nature is poorly understood
This is the final list of all the K-III candidates.
As a follow-up work on Ĝ [Griﬃth et al., 2015], Garrett [2015] initially cross correlated the IR data from the
NRO VLA Sky Survey (NVSS) with those of the WISE W4 band for 92 of 93 sources of the final catalogue that
was described above5 . NVSS had data for 82 of the 92 sources; they were retrieved from Condon et al. [1998].
Next, the q22 -value, as was defined by Appleton et al. [2004], was calculated for each of the 82 sources. It is defined
as:
q22 = log (S22µ /S20cm )
(9)
S22µ is 22 micron flux of the source, as was measured by the W4 (WISE band 4) and S20cm is the 20cm flux of the
source, as was measured by the NVSS. We must note that the k-correction (or, simply put, the redshift-correction)
was applied to the fluxes of each source. For the radio-flux (i.e. S20cm ) the correction adapted was based on
Appleton et al. [2004], while the mid-IR (i.e. S22µ ) correction was based on Sturm et al. [2000].
Finally, a group of nine sources, whose q22 > 2, was distinguished. That corresponds to a q22 that lies over 1.5σ
from the Ĝ mean value. Those nine sources are:
1. NGC 1377 (q22 > 2.88)

4. NGC 5253 (q22 = 2.248)

7. ESO 400-28 (q22 > 2.156)

2. NGC 4355 (q22 = 2.326)

5. NGC 4747 (q22 = 2.244)

8. IC 0342 (q22 = 2.054)

3. UGC 3097 (q22 = 2.263)

6. NGC 0814 (q22 = 2.164)

9. MCG+02-60-017 (q22 = 2.008)

Figure 5 shows the 92 sources, with respect to their luminosity in 22µ and q22 . The dotted line marks the q22 = 2.
Also, the arrows show sources that had no data in the NVSS database; the q22 for those sources is a lower limit.
Our work is focused on these nine sources. In 3 we will describe our target choice for follow-up observations,
along with the submitted proposal, while later, in 4, we will look into the required follow-up observations for the
rest of the sources, in order to obtain a complete SED. We must mention that all the SEDs were retrieved by the
NASA/IPAC Extragalactic Database (NED).
5 One

of the sources was not withing the NVSS survey area.
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Figure 5: The 92 sources that were used by Garrett [2015],
based on Griﬃth et al. [2015]. The vertical
axis represents the q22 -value, while the horizontal shows the luminosity logarithm on the 22µm
flux. The dashed line on q22 = 2 is the 1.5σ limit
of the Ĝ mean value; all the targets that have
q22 > 2 they lie out of the 1.5σ. In addition, the
arrows represent sources that were not detected
by the NVSS, therefore, their calculated q22 is
just a lower limit.

3. Follow-up observations of a K-III candidate, using APEX (sub-mm
range)
For our proposal we focused on the 9 candidates for which q22 > 2, as, based on the analysis above, they appear
higher probability of hosting a K-III civilization. Table 2 presents more details for each of those targets:
Name
NGC 1377
NGC 4355
UGC 3097
NGC 5253
NGC 4747
NGC 814
ESO 400-28
IC 342
MCG+02-60-017

RA (J2000)
03 36 39.05
12 26 54.61
04 35 48.45
13 39 55.96
12 51 45.54
02 10 37.63
20 28 25.49
03 15 48.35
23 47 09.20

Dec (J2000)
-20 54 06.8
-00 52 39.1
+02 15 29.6
-31 38 24.4
+25 46 28.5
-15 46 24.2
-33 04 20.5
+68 05 46.5
+15 35 48.3

q22
> 2.88
2.326
2.263
2.248
2.244
2.164
> 2.156
2.054
2.008

WISE-4 (mag)
1.5
-0.15
2.54
-0.73
1.92
2.54
3.29
-1.12
2.2

γ
0.5
0.85
0.52
0.60
0.53
0.54
0.32
0.49
0.65

z
0.005921
0.007048
0.012014
0.001345
0.003966
0.005405
0.01228
0.000077
0.026105

Table 2: These are the 9 sources for which q22 > 2. The first column shows the name of the
source, the second and the third show their right ascension and declination respectively based on
the J2000 epoch6 , the fourth column shows the q22 -value, the fifth shows the magnitude of the
WISE-4 band, the sixth shows the calculated γ factor, while the last column shows the redshift of
each source. (Table adapted from Griﬃth et al. [2015]).
In this chapter we will describe the steps we followed to come up with our proposed target. In addition we will
give a a very briefly description of both the telescope and the instrument that we want to use.

3.1. APEX, ArTéMiS and limitations
For the needs of our further research, we are aiming on using the ArTéMiS instrument, located on the Atacama
Pathfinder EXperiment (APEX). APEX is located at 23◦ 00′ 20.8” South and 67◦ 45′ 33.0” West, in Atacama desert,
Chile, at an altitude of 5105m. Its main reflector’s diameter is 12 meters and it is constructed by 264 aluminium
panels, while the secondary reflector is a 0.75-m aluminium hyperboloidal; its total mass is 125 000 kg. Regarding
the beam’s characteristics, its full width at half max (FWHM) is: 7.8·(800/f [GHz]), while the f /D (focal length to
diameter) ratio is 8. APEX is a collaboration between Max Planck Institut für Radioastronomie (MPIfR), Onsala
Space Observatory (OSO) and the European Southern Observatory (ESO). It started operating on September 25th,
2005 and it is designed to work in the sub-mm range, between 0.2 − 1.5mm.
ArTéMiS is a wide-field sub-mm camera and it can operate at three wavelengths simultaneously: 0.2, 0.35 and
0.45mm. It is a collarboration project of the astrophysics division of CEA Saclay, the CEA Grenoble (LETI and
SBT), the Manchester University, the Institut dAstrophysique Spatiale (IAS) and the Institut dAstrophysique de
Paris (IAP), while it was supported by the ESO, APEX staﬀ and OSO. In addition, it was partially funded by a
French Grant ANR [Revéret et al., 2014]. ArTéMiS first light was in September 2015.
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The location of the telescope introduces a major limitation on defining the target: it has to be in the Southern
hemisphere. Therefore, we limited our possible targets to those whose declination (Dec.) was “negative”, i.e. they
are located in the Southern hemisphere. In addition, since ArTéMiS is a sub-mm camera, we are limiting our
possible targets to those that their SED shows lack of data in that region. The best case for a target’s SED is
to be an almost full SED, with lack of data in the sub-mm range. If there are data in the sub-mm range, then
there is no reason for us to continue obtaining data in that region, while, a target with almost no data will have no
practical use for us, as it would be impossible to fit a “waste heat” profile (figure 4) in such a few data. Also, the
target must be bright enough, so a minimum observation time will be required, and also, no bright stars should be
in near the target, as they can contaminate the data.

3.2. Initial candidates
Having in mind all the limitations described above, we came up to 3 initial candidates: NGC 814, ESO 400-28 and
UGC 3097. A closer examination of those three targets revealed some observational issues on two of them:
ESO 400-28: The target’s SED is quite incomplete, but the major problem is its faintness, as it does not allow us to collect the required data in a reasonable time period. The
other two objects have a magnitude of 2.54,
while ESO 400-28 has a magnitude of 3.29.
As a diﬀerence of 1 magnitude order is corresponds to an object 2.5 fainter (i.e. 2.5 times
less flux), ESO 400-28 is about 1.875 times
fainter. Given the fact that the required observing time, in order to get the same signalto-noise ratio, is proportional to the square of
the flux diﬀerence (∆f 2 ), for our observation
of ESO 400-28, we would require about 3.5
times the proposed time for NGC 814. As
we have calculated, for NGC 814, we need
8.2 hours of telescope time and therefore, for
ESO 400-28 we would need about 28 hours of
observational time in order to get the same
amount of useful data. That would decrease
our chances of our proposal to be accepted.
(We must note that all the mentioned magnitudes are referred to the WISE-4 band magnitudes)

UGC 3097: Although this target has a very
good SED, there are foreground stars really
close to the target. As the observation area
would be a square around the objects, some
of the star may be inside the observation area,
contaminating our observations; this is called
“source contamination”. Therefore, we preferred not “spending” any observation time for
that object, as there would be a possibility of
our data not being “clean” enough.

Eventually, after eliminating the two out of the three initial targets, the only target useful for observation was
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NGC 814.

3.3. Final target: NGC 814

OBJECT NAME: NGC 814
RA (J2000)

Dec (J2000)

q22

γ

z

02 10 37.63

-15 46 24.2

2.164

0.54

0.005405

SIMBAD TYPE: G (Galaxy)

Table 3: The chosen target: NGC 814. On the left there is a coloured image of it, in the middle there is a blackand-white picture of it, while on the right there is a table, showing its basic characteristics. The black-and-white
picture helps us on verifying that no local stars are in front of it, or close to it, while, the fact that it is a single,
non nuclei-active galaxy, is promising in hosting a living civilization. (Left image credits: 2MASS [Skrutskie et al.,
2006]; Right image credits: STScI)
The chosen target, NGC 814, is a lenticular barred (type SB0) galaxy, that lies in the constellation of Cetus. It
was first discovered on January 6th, 1886, by Ormond Stone, using a 26.3-inch-aperture refractor telescope, at the
Leander McCormick Observatory, in Virginia, USA [Stone, 1886]. Its visual magnitude is 13.8, and its apparent size
is about 80.9”x32.36”, while its physical size is about 8.38kpcx3.35kpc7 . In the original NGC summary description,
the item was described as “extremely faint, small, round, gradually bright in the middle” (original notes: “eF,
S, R, gbM”) [Dreyer, 1888]. NGC 814 is also catalogued as PGC 8319, MCG-03-06-010 and IRAS 2082-160. In
addition, we must mention that there are no individual studies on the galaxy.
Its SED is presented in figure 6; as we can see, it is an almost-complete SED, lacking data only in the mm to cm
region. The rest of the data are well defined, with small error bars. In addition there is nothing unusual regarding
the data points SED (i.e. no “double lines”, as we will see –and explain– later, in 4).

Figure 6: The SED of NGC 814. We can see that the existing data are well defined (especially in the µm − nm
region), while the mid-IR region totally lacks data. Our proposal targets on obtaining data in that region:
the mid-IR, so a galactic emission profile model can be fitted with greater accuracy.
In addition, NGC 814 reaches an elevation of over 60◦ for more than four hours every night, and this is optimal
7 For

comparison reasons, we mention that diameter of the Milky Way is about 31 − 55kpc [Xu et al., 2015].
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for using APEX, as we explained in 3.1

3.4. Proposal submission and oﬃcial feedback
Our proposal was submitted on the 14th of October, 2015, and has been registered under project id 097.F-9306.
It is entitled “The astrophysics of extreme galaxies from the Glimpsing Heat from Alien Technologies survey”.
For our observations, we ask for 8.2 hours APEX telescope time –which includes 65% overheads– for continuum
observations at 350µm, using ArTéMiS instrument. The plan is to map out a 1.4′ x1.4′ area around the galaxy, in
order to observe its dust structures. The reason we ask for this specific setup is that the target appears too faint
to be observed with other instruments in reasonable time frames. The full proposal, along with more details on
the observation plan and the methodology of our observation, are presented in Appendix A, while, the acceptance
confirmation is presented in Appendix B.
On December 22nd, 2015, we had an oﬃcial feedback of our proposal. It got a grade of 1.81, on a scale from 1
to 5, where 1 is the best. We have to mention that the best grade given through all proposals is about 1.6, the
worst is about 2.6, while average grade is about 2.0; in general any proposal with a grade of about 2.2 or lower,
are most likely to get observation time. In addition, we must note that our proposal was in the top 25% of all the
proposals. Eventually, we were allocated 10 hours of observation time by the Time Allocation Committee. The full
oﬃcial reply is presented in Appendix C.

4. Required follow-up observations
In this section we will discuss the required follow-up observations in order to obtain a full SED on the rest of the
targets with q > 2. On all the targets, on the left is presented the target’s SED, while on the right, there is a
table presenting its position (Right Ascension and Declination), among its q22 and γ (as they were defined in 2.5
and 2.3 respectively), its redshift and its SIMBAD (Set of Identifications, Measurements, and Bibliography for
Astronomical Data) type. The targets are in a decrceasing-q order. Also, in the end, we will present a catalogue
with the targets that have a complete –or almost complete– SED. Those targets are optimal for fitting modeled
SEDs and testing models.

4.1. Target list with q22 > 2
4.1.1. NGC 1377

OBJECT NAME: NGC 1377
RA (J2000)

Dec (J2000)

q22

γ

z

03 36 39.05

-20 54 06.8

> 2.88

0.5

0.005921

SIMBAD TYPE: GiG (Galaxy in Group of Galaxies)

This target has very good data in the range from 1mm to the violet edge of the visible spectrum (about 500nm),
but it lacks data in λ < 500nm and λ > 1mm. This target has the highest q, as it is calculated to be over 2.88.
NGC 1377 has been studied before, as Aalto et al. [2012] simulated a molecular outflow, driven by a young AGN,
in a dust environment and fitted it on the galaxy’s SED.
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4.1.2. NGC 4355

OBJECT NAME: NGC 4355
RA (J2000)

Dec (J2000)

q22

γ

z

12 26 54.61

-00 52 39.1

2.326

0.85

0.007048

SIMBAD TYPE: Sy2 (Syfert 2 Galaxy)

The SED of NGC 4355 contains a lot of data from the microwaves range down to the almost UV, but from the
IR to the almost-UV range (i.e. ∼ 5µm < λ <∼ 500nm) it seems that there are two individual SED curves. A
possible, and the most probable, explanation is that each curve corresponds to diﬀerent aperture sizes (i.e. flux
integration areas, or, simply put “part of the galaxy taken into consideration”). As NED combines data from
diﬀerent databases, and each of them may uses diﬀerent aperture size than the others, the SED will contain all the
curves for all the fluxes. Therefore, the highest-flux curve corresponds –most probably– to an integration of the
whole galaxy; that’s the one we will trust. Asides that fact, the SED of NGC 4355 is a complete one, with well
defined data. In addition, this target has been studied before by Varenius et al. [2014]. It was concluded that its
compact nucleus creates a dusty molecular environment, but it is unclear whether the mid-IR emission comes from
a compact starburst, an AGN or a combination of both.
4.1.3. UGC 3097

OBJECT NAME: UGC 3097
RA (J2000)

Dec (J2000)

q22

γ

z

04 35 48.45

+02 15 29.6

2.263

0.52

0.012014

SIMBAD TYPE: G (Galaxy)

This target is one of the initial three candidates on follow-up observations. There are good data in the range
from mid-IR (500µm) to near-UV (100µm) and some in the long-microwaves range (50 − 5cm), while there is a
data gap in the range between them. This was the reason that it was a candidate for a follow-up observation in the
sub-mm range: a well defined SED in the rest of the spectrum and a data gap in the sub-mm range. In addition,
as UGC 3097 is a “simple” galaxy (based on the SIMBAD type) –i.e. there are no extreme conditions such as an
active nuclei etc.– it is a very good candidate for further examination.
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4.1.4. NGC 5253

OBJECT NAME: NGC 5253
RA (J2000)

Dec (J2000)

q22

γ

z

13 39 55.96

-31 38 24.4

2.248

0.6

0.001345

SIMBAD TYPE: AGN

Although the many data this SED contains, most of them are not well defined. In the range 1m < λ < 1mm the
data are almost well defined –there is something strange at λ ∼ cm, where two intensities are linked to the same
wavelength– while in shorter wavelengths the data points are not that good. There are two curves on the SED in
the range 500µm < λ < 500nm, while the few data points in the ∼ 0.5nm range have huge error bars. As this
target is an AGN, the most possible explanation for the double SED curve, as we mentioned before, is that some
data don’t take into consideration the whole galaxy, but just a part of it.
4.1.5. NGC 4747

OBJECT NAME: 4747
RA (J2000)

Dec (J2000)

q22

γ

z

12 51 14.54

+25 46 28.5

2.244

0.53

0.003966

SIMBAD TYPE: IG (Interacting Galaxies)

The SED of NGC 4747 is not that promising, as there are quite few data, with big error bars and also, there are
parts on it that are “double curved”. As the object is classified as “Interacting Galaxies”, it is quite hard to come
up with a single galactic profile that could describe the object; in the simplest scenario we would need to see how
two profiles interact, while in the most realistic case we would have to add the interaction from the dust and gas
of each galaxy.
I don’t think interacting galaxies constitute a modelling problem, provided that they truly are interacting (i.e.
at nearly the same distance from us). The real problem comes in the shape of chance projections - i.e. galaxies
that appear close in the sky but are at huge distances from each other along the line of sight direction.
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4.1.6. ESO 400-28

OBJECT NAME: ESO 400-28
RA (J2000)

Dec (J2000)

q22

γ

z

20 28 25.49

-33 04 20.5

> 2.156

0.32

0.01228

SIMBAD TYPE: G

ESO 400-28 was the second rejected object of our initial three. Despite its quite good SED, there are only data
in the range from far-IR to the near-UV (about 1012 Hz − 1015 Hz, or 300µm − 300nm). In addition, the fact that
ESO 400-28 is classified as single, non active galaxy, makes it easier for a single galactic model to be fitted. Also,
a part of its SED, at ∼ µm, has a double curve and therefore, more data –or further analysis of the current ones–
is necessary.
4.1.7. IC 342

OBJECT NAME: IC 342
RA (J2000)

Dec (J2000)

q22

γ

z

03 46 48.35

+68 05 46.5

2.054

0.49

0.000077

SIMBAD TYPE: GiG

IC 342 is another galaxy that despite the fact that it has a lot of data, it doesn’t have a consistent, smooth
SED. The data cover almost the full range from the radio part of the spectrum (∼ m) to the X-rays (∼ 0.1nm),
containing two data gaps: one at the ∼ cm − 500mm range and the other at the nm range. The double curved
SED appears here as well, while, as it usually happens in the small-wavelengths-data of the SEDs, the data in the
X-rays region have huge error bars. We have to mention that this galaxy is a barred spiral galaxy, with a central
nuclear starburst and has been studied individually. One of the possible explanations for the SED behavior was its
bar-driven gas inflow [Schinnerer et al., 2003].
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4.1.8. CGCG 432-31 (MCG+02-30-017)

OBJECT NAME: CGCG 432-31
RA (J2000)

Dec (J2000)

q22

γ

z

23 47 09.20

+15 35 48.3

2.008

0.65

0.026105

SIMBAD TYPE: Sy2

CGCG 432-31 SED has a few data points, but they are well defined. There is one data point in the radar range
(∼ 5m), a few in the thermal IR range (500 − 50µm) and one in near-UV (∼ 500nm). Due to the fact that the
data points have very small error bars, a model can be fitted on the SED and have minimal uncertainty.

4.2. Data table and follow-up observations
Table 4 sums up the SED of the targets that were presented in section 4. The 4 denotes that there are good data
(i.e. a big enough number of data points and the data points are well defined) in that range, : denotes that there
are a few data points in that range, while ? denotes that the data in that range are a bit “problematic” (e.g. the
data create a double curve). In addition, there are two combinations of the used notations: : ? means that there
are a few data and they are also problematic, while 4: means that more data are needed, but the already existent
are well defined. Note that the last notation is used in the case that there are data in the edges of the range, while
there are no data in the middle of it.

Spectral region
Wavelength

Radiowaves

Microwaves

FIR

Visible

NUV

EUV

X-Rays

m

cm

cm

mm

µm

µm

µm

nm

nm

nm

>10

10 -1

100 -10

10 -1

10 -1

1000 -100

100 -10

10 -1

1000 -100

100 -10

10>

4

4

4

4

4

4

:?

?

4

4

4

?

?

?

:

?

4

:

?

4:

:?

?

4

?

?

4

4:

4:

NGC 4355

:

:

UGC 3097

:

:

NGC 5253

:

4

:

?

:

NGC 4747
ESO 400-28

CGCG 432-31

NIR

m

NGC 1377

IC 342

MIR

:

:?

4

?

:

?

Table 4: Data of each target’s SED with respect to their wavelength range. The second row shows the spectral
range of each column, while the top row maps –approximately– the spectral region, in respect to the second row.
The first column shows the name of each target, while, each column, can have the following annotations: 4 denotes
that there are good data (i.e. a big enough number of data points and the data points are well defined) in that
range, : denotes that there are a few data points in that range, ? denotes that the data in that range are a bit
“problematic” (e.g. the data create a double curve), while the empty cell denotes that there are no data at all. In
addition, there are two combinations of the described notations: :? means that there are few data in the range
and they are also problematic, while 4: means that, while more data are needed, the existing are well define.
Note that the last notation is used in the case that there are data in the edges of the range and lack of them in the
middle of the range.
Based on Table 4, we can divide the targets into “groups”, regarding a model fitting on a target’s SED:
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First Group: Targets that have many data, but not that well defined
The targets in this group have a lot of data in almost their full spectral range, but they are not well defined,
as they create a double-curved SED, or have big error bars. Those targets are: NGC 5253, NGC 4355, IC
342 and NGC 4747. As the uncertainties are big enough, the parameters of the models can have minimum
and maximum values; in more details: as there is a range for each data point value, the applied model can be
adjusted to follow the extreme values, either the minimum one or the maximum one. Therefore, the models
parameters can have a bigger value range than a “simple” fit.
Second Group: Targets that have fewer data, but are well defined
The targets of this group have fewer data than those of the first group, but their data are well defined, with
small errors. This groups’ targets are UGC 3097 and CGCG 432-31. In this case, the parameters values
of the applied model are more definite, as the model fitting should satisfy only certain points, instead of a
range, as the case of the first group. Therefore, we can be more certain that we used the proper model and
the proper parameter values.
NGC 1377:
This target has a lot of data and also, they are well defined. Therefore, a model fitting on this target is going
to be easier and the models’ values will be well defined as well.
ESO 400-28:
ESO 400-28 has few data, and also, some of them are not well defined. Therefore, any model application
would be extremely hard and also, extremely inaccurate.
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A. Proposal to APEX
Scientific Rationale
The Search for Extraterrestrial Intelligence (SETI) has been ongoing for more than 60 years, but have so far failed
to detect any signatures of advanced civilizations. Most eﬀorts in this field have focused on searches within the
Milky Way, but if intelligent life is suﬃciently rare, our only chance of making a positive detection could be to
extend the search radius to include other galaxies. Recently, two recent independent initiatives have attempted to
push SETI to extragalactic scales the Glimpsing Heat from Alien Technology (GHAT or Ĝ; Wright et al. 2014)
project and Project Hephaistos (Zackrisson et al. 2015). Both of these are looking for signatures of astroengineering
on galaxy-wide scales. The underlying idea is that an extremely powerful civilizations (so-called Kardashev type
IIIs) could have colonized their host galaxies and constructed Dyson spheres around significant fractions of the
stars in these systems to harvest radiation energy. A galaxy colonized this way is predicted to be underluminous
at ultraviolet and optical wavelengths, yet excessively bright at IR wavelengths due to waste heat from the Dyson
spheres. While neither search have discovered any compelling evidence for Dysonian signatures of this type, but
both have identified highly unusual galaxies with excess infrared radiation. We are now attempting to follow up
on some of the most extreme cases to uncover the astrophysics responsible for their anomalous properties.
Dust-obscured star formation represents an alternative explanation for the low ultraviolet and optical fluxes (due
to dust attenuation) and high IR fluxes (due to dust emission) of these objects, but one then expects the lowfrequency radio continuum which is dominated by synchrotron radiation from supernova remnants formed from
the demise of massive stars to reflect the IR-inferred level of star formation. Indeed, the IR and radio luminosities
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of galaxies have long been known to follow a very tight relation (e.g. Yun et al. 2001), and the radio continuum
at around 1.4 GHz (20 cm) is therefore often used as a star formation rate indicator. As pointed out by Garrett
(2015), most of the IR-overluminous objects found by the Ĝ survey also obey a relation of this type, but with an
oﬀset from the standard one. This strongly suggests that the explanation for most of the Ĝ sources is obscured star
formation, albeit a more extreme form than in average galaxies (most likely because the Ĝ selection criteria tend
to favour objects in the high-temperature tail of the dust temperature distribution). However, Garrett (2015) also
highlight a number of Ĝ candidates that are true outliers - with IR-to-radio luminosity ratios that are extreme even
compared to the average Ĝ IR-to-radio luminosity relation. The aim of our project is to uncover the astrophysics
behind the observed propoerties of these extreme Ĝ galaxies.
We hypothesize that the reason for the extreme IR-to-radio flux ratios of these objects is a strong, recent
increase in star formation within dust-enshrouded parts of these galaxies. This star formation boost is reflected
in the observed IR flux, but not yet in the radio continuum. Diﬀerent star formation indicators (e.g. ultraviolet
continuum, optical recombination lines, IR continuuum, radio continuum) all probe star formation on slightly
diﬀerent timescales (e.g. Boquien et al. 2014). The IR dust continuum and the radio synchrotron continuum
are both indirect probes of massive star formation, but whereas the IR dust continuum is confined to the parts
of the galaxies where star formation is supposedly taking place, the synchrotron radiation is not as localized and
is sensitive to the details of cosmic-ray electron propagation eﬀects within galaxies (e.g. Tabatabaei et al. 2013;
Berkhuijsen et al. 2013) and may be subject to a time lag. Scenarios of this type can be tested using models of
spectral evolution (e.g. Zackrisson et al. 2001, 2008, 2011), but but this requires a highly complete observational
coverage of the spectral energy distribution (SED) all the way from the ultraviolet to radio regime. Our current
proposal aims to provide such SEDs for two extreme Ĝ objects which already happen to have archival ultraviolet,
optical, near-IR, mid-IR, far-IR and 1.4 GHz data, but which are the lacking sub-mm data required to get a
complete census on the total dust energetics. The current observational data on these objects is summarized in
Figure 1. Neither of the two targets show any obvious signs of hosting an active galactic nucleus.

Name
NGC 814

Table 1: Target source
RA(J2000) Dec(J2000) Redshift
02 10 37.6
-15 46 25
0.0054

Tdust
38

Twaste
140

Facilities Requested
We only request time at the APEX telescope with the ArTéMiS instrument in order to make continuum observations at 350µm. Our proposed target appear too faint to observe with other instruments in reasonable time frames.
Observing Requirements
We estimate the flux at 350µm by modelling a Spectral Energy Distribution (SED) of the target galaxy from infrared
fluxes between 4 − 160µm. The dust emission model, shown in Figure. 1, is made from modifying a blackbody
spectrum by a factor (1 − e−τν ), where τν is the frequency dependent optical depth. The absorption coeﬃcient of
2
the dust, κd (ν), is assumed to be related to the optical depth as τν = κd (ν) C, where κd = 0.04 (ν/250GHz) , ν
the frequency and C is a constant depending on the dust mass, distance to and solid angle of the emitting source
region of the galaxy (Weiß et al. 2008). We also apply a modified blackbody fit to the waste heat, Twaste , predicted
by G-HAT.
At the wavelength of 350µm where ArTéMiS operates, our SED model yields an integrated flux of ≈ 180mJy
for our target galaxy, corresponding to a dust temperature of 38 K. We acknowledge that the presented flux will be
higher if the estimated dust temperature is lower than our estimation. Assuming that the emission comes from the
observed infrared source, our target requires ≈ 3 beams of 8.5′′ resolution to completely cover the entire emitting
surface. This corresponds then to yield a surface brightness of about 60 mJy/beam. Thus, we request to map
continuum observations with an RMS of 12 mJy/beam which will provide us with a signal to noise ratio of ∼ 5.
The ArTéMiS time calculator indicates that this level of noise can be reached within 5 hours of integration time,
thus we request for 8.2 hours telescope time which includes 65% overheads. This value is based on using
the online observing time calculator for ArTéMiS with good weather conditions of P W V = 0.5 and an elevation
of 60◦ . Our proposed target reaches a sky elevation of > 60◦ for more than four hours each day.
Observing Plan
We plan to map out a small area of 1.40′ × 1.40′ around the target galaxy in order to obtain the dust structure
of the galaxy, illustrated by the boxed areas in Figure 1. Parallel beams at wavelength 450µm that ArTéMiS may

Project in Physics and Material Science

20

George Xystouris: SETI follow-up observations
provide would aid our science goal, but is not a requirement.
Scheduling Requirements
As our target is faint we require good weather conditions and low PWV (≤ 0.5), which is most likely to occur
during nights and early mornings according to OSO. Therefore, the best time to observe our proposed target is in
mid- to late August.
References
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Figures

Figure 1: Top: SED model based on near-infrared to infrared data. The magenta points show 2MASS measurements, blue points WISE measurements, red points IRAS measurements, yellow points AKARI measurements and
the brown point radio measurements. The aquamarine line depicts a modified blackbody curve fitted to the peak
of the infrared measurements and the purple line shows the modified blackbody of the waste heat temperature
suggested by Griﬃth et al. (2015). The wavelength of ArTéMiS at 350µm is illustrated by the grey line in the
figure. The total integrated flux density for NGC 814 is predicted to be ∼ 180mJy. Left: A 4′ × 4′ near infrared
image obtained from 2MASS of our target galaxy, NGC 814. Right: Image in the infrared from allWISE with the
field of view of ArTéMiS of 4.7′ × 2.3′ . The red and green boxed in areas in each bottom image show the subfield
of 1.42′ × 1.42′ that we intend to map with ArTéMiS.
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B. Oﬃcial proposal submission confirmation
From: northstar.rss@chalmers.se
Sent: Wednesday, October 14, 2015 11:25 PM
To: xystouris geo@hotmail.com
Subject: Submitted optical proposal, project id 097.F-9306
Dear George Xystouris,
An observing proposal which lists your name as one of the investigators has been successfully submitted using the
NorthStar tool, which is currently in use for proposals to the OSO-TAC.
It was received on 2015/10/14 21:25 UTC, and has been registered under project id 097.F-9306.
This proposal is to the OSO-TAC for observing time at the TBL and the OHP telescopes, and is entitled:
The astrophysics of extreme galaxies from the Glimpsing Heat from Alien Technologies survey
The contact author for this proposal is: Dr Zackrisson
The PI for this proposal is: Dr Zackrisson
All persons listed as applicants have received a submission notification.
You were not registered as an Active Participant collaborating on the preparation of this proposal before submission. In order to allow you the opportunity to View this proposal, you are hereby invited to register.
To accept this invitation, you have to go to the following link: http://yggdrasil.oso.chalmers.se:8080/useradministration/
user/forward.do?forward=http://yggdrasil.oso.chalmers.se:8080/proposal/setUpAddRegisteredMember.do?
key=tqpAcxYtHasDTMBBT7bw&pid=205
This link will first prompt you to log in to NorthStar. If you do not have a NorthStar user account yet, you will be
able to start the registration process from the login page; once you have a valid user account and password sent to
the current e-mail address, please follow the link again. After successfully logging in you will be able to view the
proposal.
Should there be a desire to revise or delete the proposal, the Contact Author (only, as the actual submitter !) may
Retract regular proposals until the deadline has elapsed. It would then be open to any of the former or newly
registered Active Particants, for Editing and to the (possibly re-assigned) Contact Author for re-submission (before
the deadline !).
Thank you for your submission.
(Mail generated by NorthStar, the RadioNet/Astron web-based proposal tool)

C. Oﬃcial proposal feedback
Ämne: Your APEX proposal
Datum: Tue, 22 Dec 2015 08:28:53 +0000
Från: Camilla Andersson <camilla.andersson@chalmers.se>
Till: erik.zackrisson@physics.uu.se <erik.zackrisson@physics.uu.se>
Kopia: Magnus Thomasson <magnus.thomasson@chalmers.se>, Michael Olberg <michael.olberg@chalmers.se>
Dear colleague,
Your APEX proposal “The astrophysics of extreme galaxies from the Glimpsing Heat from Alien Technologies
survey” designated 097.F-9306(A), has now been considered by the Onsala/APEX Time Allocation Committee.
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Your proposal is given grade 1.81 on a scale 1-5, where 1 is best. The average grade is about 2.0 (the best grade is
about 1.6 and the worst grade about 2.6). The Time Allocation Committee recommends that 10 hours of observing
time is scheduled, but note that a recommended observing time is not a guarantee that the observations will be
carried out. Proposals with a grade of approximately 2.2 or higher are less likely to be observed. The actual amount
of time scheduled will be determined by the APEX staﬀ, and depends on the proposal grade and, e.g., available
LST intervals and the weather. (Special rules apply for ArTeMiS GTO proposals.)
For comments from the committee: see below.
APEX data is archived at ESO. Please register as a user of the ESO archive (through the ESO User Portal), if you
are not already registered (this will also make it possible to download public APEX data): http://archive.eso.org/
- Note that the proprietary time for APEX data is one year. - Note that as PI, you can assign a data delegate (a
second person who can also access the data in the ESO archive). - Please make sure that your email address in the
ESO User Portal is correct.
Please fill in the “Phase 2 project submission form” on the APEX web site no later than Thursday 17 March
2016. The information you provide there is needed by the APEX staﬀ to perform the observations in service mode.
You reach it from: http://www.apex-telescope.org/observing/phase2/ Deadline: 17 March 2016 Before the Phase
2 project submission form can be filled in, ESO must enter your project in a database of accepted projects. This
might not have been done when you receive this email, then please try again later.
For questions about the telescope, scheduling, etc., please contact Onsala Space Observatory’s APEX Project
Scientist, Michael Olberg (email: michael.olberg@chalmers.se). If help is needed with the service observations,
observers who have indicated an interest in visiting APEX might be contacted by Michael Olberg.
In scientific publications based on the APEX observations, please make references to the APEX project and to publications about the telescope and receiver(s); see http://www.chalmers.se/en/centres/oso/radio-astronomy/apex/
Pages/default.aspx (references can also be found at http://www.apex-telescope.org/instruments/). Please also
mention the proposal ID.
Best regards,
Camilla Andersson
(Secretary to John Conway, Director)

—–
Comments from the Time Allocation Committee:

Comments from referee 1:
350my observations of a galaxy with high IR/radio flux ratio from the GHAT survey. Clear case. Interesting object,
smm point needed to determine the SED of the object. A number of students but data not needed for anyones thesis.
Comments from referee 2:
Follow-up of bright infrared galaxies from surveys looking for signs of alien technologies. Possible explanation is
dust-obscured star formation: oﬀset between IR and radio relation points to a more extreme form than in average galaxies - possibly more recent star formation. Proposed submillimeter map will fill-in dust energetics part of
SED (complementing observations at other wavelengths) that can be fitted by specialised models. Interesting study
of a template for a peculiar(?) group of objects. Could have been stronger on describing the implications / next step.
Comments from referee 3:
- Artemis observations of NGC 814, which represents the most extreme, non-AGN galaxy in the southern hemisphere for which the radio continuum has been securely detected - hypothesize that the reason for the extreme
IR-to-radio flux ratios of these objects is a strong, recent increase in star formation within the dust-enshrouded
parts of these galaxies
- sophisticated models available
- flux value at Artemis wavelength clearly missing
- five students involved
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Comments from referee 4:
Proposal to observe a galaxy, NGC814, selected for its extreme IT-to-radio luminosity ratio. It could be a explained
by a recent strong star formation boost (dust enshrouded). This hypothesis will be tested with APEX observations.
Submm data is missing in the SED. The authors have models for SED evolution to be used to analyze the data.
Reasonable time estimate. Interesting galaxy, good test of the proposed model, could teach us more about the
strange GHAT galaxies.
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