
Are the Dyson rings around pulsars
detectable?

Z. Osmanov

School of Physics, Free University of Tbilisi, 0183 Tbilisi, GA, USA e-mail: z.osmanov@freeuni.edu.ge

Abstract: In the previous paper ring (Osmanov 2016) (henceforth Paper-I) we have extended the idea of
Freeman Dyson and have shown that a supercivilization has to use ring-like megastructures around pulsars
instead of a spherical shell. In this work we reexamine the same problem in the observational context and we
show that facilities of modern infrared (IR) telescopes (Very Large Telescope Interferometer andWide-field
Infrared Survey Explorer (WISE)) might efficiently monitor the nearby zone of the solar system and search
for the IR Dyson-rings up to distances of the order of 0.2 kpc, corresponding to the current highest
achievable angular resolution, 0.001 mas. In this case the total number of pulsars in the observationally
reachable area is about 64 ± 21. We show that pulsars from the distance of the order of * 1 kpc are still
visible forWISE as point-like sources but in order to confirm that the object is the neutron star, one has to use
the ultraviolet telescopes, which at this moment cannot provide enough sensitivity.
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Introduction

Kardashev in his well-knownwork (Kardashev 1964), has clas-
sified the extraterrestrial civilization by a technological level
they have achieved. In particular, he introduced three different
types of civilization distinguishing them bymeans of the ability
to consume energy. According to this classification the level-I
is a civilization similar to ours, thus the one consuming the en-
ergy of the order of 4 × 1019 ergs s−1. Level-II corresponds to a
civilization consuming almost the total energy of their host star
– 4 × 1033 ergs s−1 and Level-III is a civilization harnessing al-
most the total energy of its own galaxy: 4 × 1044 ergs s−1.
A couple of years earlier before publishing the paper of

Kardashev, the prominent physicist Freeman Dyson has sug-
gested that if such superadvanced (in the terminology of
Kardashev, Level-II) extraterrestrials exist, for increasing effi-
ciency of energy consumption they can construct a thin spher-
ical shell with radius * 1 AU surrounding a host star (Dyson
1960). It has been argued that for such distances the sphere will
be in the so-called habitable zone (HZ) and therefore the sphere
will have the temperature of the order of (200− 300) K, mak-
ing this object visible in the infrared (IR) spectrum.
An interest to the search for the IR Dyson-like sources has

been increased after the detection of an enigmatic object,
KIC8462852, discovered by the Keppler mission (Boyajian
et al. 2016). It has been shown that the flux of the mentioned
object has been characterized by aperiodic dips of the order of
20%. On the other hand the authors have confirmed that the
irregularities might have not been caused by any instrumental
or data processing factors. To investigate the hypothesis that
strange behavior of KIC 8462852 (and some other objects:
KIC 12557548, CoRoT-29) is caused by artificial Dyson-like
cosmic structures a series of works has been performed

(Harp et al. 2016; Schuetz et al. 2016; Wright et al. 2016),
but the main question concerning the origin of the unrealistic-
ally high level of flux dip still remains open. Whatever this ori-
gin is the discovery of KIC 8462852 has revived a search for
artificial cosmic megastructures, which has been started in
the first decade of this century (Slish 1985; Timofeev et al.
2000; Jugaku & Nishimura 2002; Carrigan 2009).
On the other hand, it is clear that such cosmic megastruc-

tures require enormous material to construct them. For avoid-
ing this difficulty, recently we have proposed a certain
extension of Dyson’s idea. In particular, in Paper-I we have ex-
amined the Level-II civilization, which colonized a nearby area
of a pulsar emitting electromagnetic radiation in narrow chan-
nels (see Fig. 1). Therefore, it means that the considered scen-
ario should be examined as a probable one. Then, unlike the
Dyson spheres one has to construct ring-like structures. In par-
ticular, if the inclination angle, α, between the axis of rotation
and the emission channels is close to 90°, the ring should be lo-
cated in the equatorial plane and as it has been shown
(Osmanov 2016) for relatively slowly rotating neutron stars
the sizes of the rings could vary from 10−4 to 10−1 AU, respect-
ively. As a result, such a megastructure would require less ma-
terial than in case of spheres. It is clear that such rings might be
significantly perturbed by tidal stresses in terms of strong cen-
trifugal outflows and radiation (Gudavadze et al. 2015).
Therefore, they cannot be stable and sooner or later gravitation
will inevitably destabilize the construction. We have analysed
dynamics of destabilization and found that power required to
restore stability is much less than power received from the pul-
sar. Therefore, the search for the ring-like megastructures
around slowly spinning pulsars seen in the IR spectrum
might be quite promising. As to the rapidly rotating pulsars,
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they are very powerful and harvesting their energy would be
quite profitable, but a HZ would be much farther and mass
of a material required for construction themega-ring would ex-
ceed the total mass of all planets, asteroids, comets, centaurs
and interplanetary dust in a typical planetary system by several
orders of magnitude. Therefore in this paper we focus on the
megastructures around normal pulsars and study the possibil-
ity of detecting such cosmic constructions in a relatively nearby
zone of the solar system. For this purpose we discuss the pos-
sible requirements telescopes have to satisfy.
The organization of this paper is as follows: after outlining

the major results of Paper-I, we consider the observational fea-
tures of the Dyson rings andmake necessary calculations in the
section Previous results and discussion and in the section
Conclusion we summarize our results.

Previous results and discussion

In this section we outline the results obtained in Paper-I, esti-
mate characteristic parameters of the cosmic megastructures
and study the possibility of their detection by means of a set
of observations.

Outline of the results of paper-I

It is well known that pulsars, having enormous energy accumu-
lated in rotation gradually slow down their rotation rate and as
a result loose energy, with a certain fraction, κ, going to emis-
sion with the following luminosity (Osmanov 2016)

L ≈ 3.8× 1031 × k

0.1

( )
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P

( )3

× Ṗ
10−15ss−1

( )
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( )
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(1)

where P is the rotation period of the pulsar, Ṗ ; dP/dt . 0,
M ≈ 1.5×M⊙ and M⊙ ≈ 2× 1033 g are the pulsar’s mass
and the solar mass, respectively, and we normalize the period
on an average value of the most probable one (Manchester
et al. 2005).

In Paper-I we have implied the definition of the HZ as a re-
gion irradiated by the same energy flux as the Earth
(Hanslmeier 2009). Then, it is straightforward to show that ra-
dius of the HZ is given by
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For estimating the effective area of the construction one has
to take into account the opening angle of the emission channel
(Ruderman & Sutherland 1975)

b ≈ p

3
× 0.5
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, (3)

automatically defining the effective area of the ring having the
shape of the spherical segment (Osmanov 2016)

Aef ≈ 8pR2
HZ
sin(b/2), (4)

where for simplicity we have assumed that α& π/2. In the
Paper-I we have obtained an expression of the ring’s tempera-
ture

T = L
Aefs

( )1/4

≈ 390 K, (5)

where σ& 5.67 × 10−5 erg/(cm2K4) is the Stefan-Boltzmann
constant.

Observational features of Dyson-rings

By combining equation (5) with the Wien’s law

lm = b
T

≈ 7.4× 103 nm, (6)
it is evident that the cosmic megastructure around a pulsar will
be visible in the IR spectrum. The Very Large Telescope
Interferometer (VLTI) could be a quite promising instrument
for observing the rings. In particular, the VLTI’s angular sen-
sitivity is 0.001 mas (milliarcsecond) (see the technical charac-
teristics of the VLTI1). By implying the latter, one can
straightforwardly show that the maximum distance, where
the ring with the diameter 2RHZ still will be observable by the
VLTI is expressed as

rmax ≈ 2RHZ

u
≈ 0.2 kpc. (7)

On this distance the IR spectral flux density (power per unit
of area for the unit interval of frequency) is approximately
given by

F IR
n ;

dE
dtdAdn

≈ L
4pr2nIR

≈ 7.4× 10−26 0.2 kpc
r

( )2

ergs s−1 cm−2 Hz−1 = 7.4
0.2 kpc

r

( )2

mJy,

(8)

where nIR = c/l and we have assumed that almost the total

Fig. 1. Here we schematically show the pulsar, its axis of rotation and
two emission channels with an opening angle β.

1 https://www.eso.org/sci/facilities/paranal/telescopes/vlti
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energy of a pulsar is radiated by the Dyson ring in the IR
spectrum. The derived spectral flux density can be detected
by the VLTI. It is worth noting that the pulsars are distributed
mostly in the galactic plane and their surface density, ρ, in the
local area of galaxy is of the order of [520 ± 170] kpc−2

(Manchester 1979). Therefore, it is expected that when moni-
toring cylindrical volume in the galactic plane corresponding
to the circular area with radius rmax one can expect in total
the following number of pulsars

N0.2 ≈ rpr2max ≈ 64+ 21, (9)
where the subscript 0.2 means that the number is calculated for
the distance 0.2 kpc. At this moment this is the maximum num-
ber of pulsars, amongwhich one can search for the potential IR
sources in the nearby zone of the solar system. It is clear that
the most distant objects observed by the VLTI will not be seen
in detail.
The Wide-field Infrared Survey Explorer (WISE) might be

very useful, although, since the angular resolution is not very
high, one can use this instrument for searching the point like
sources, because the sensitivity might be better than 0.1 mJy 2.
The IR Dyson-rings observed from the distance r= 1 kpc will
have the flux density of the order of 0.3 mJy (see equation
(8)). This in turn means that the number of expected pulsars is
much higher than for 0.2 kpc

N ≈ rpr2 ≈ 1600+ 530. (10)
The IR Dyson-rings probably might have another interest-

ing observational feature. In particular, it has been shown by
Zhang & Harding (2000) that for the normal pulsars with
P* 0.5 s and Ṗ�10−15 ss−1, having the age of the order of
t ; P/2Ṗ�1.6× 107 year, the surface temperature is given by

T(t) ≈ 2.8× 105 K
106 yr
t

( )0.5

≈ 7× 104 K, (11)

which corresponds to the ultraviolet (UV) spectral band, 6 eV.
This means, that the pulsar encircled by the ring seen in the IR
spectrum potentially might be detected in the UV as well. This
additional observation might be useful for distances less than
0.2 kpc, but for higher distances it will be even more signifi-
cant, because since the IR source is point like one needs an-
other confirmation (may be not necessarily enough) that in
the same location there is a neutron star.
The corresponding UV total luminosity writes as

LUV ≈ 4psR2
NS
T4

UV
≈ 1.7× 1028 ergs s−1, (12)

where TUV& 7 × 104 K is the neutron star’s surface tempera-
ture andRNS ≈ 10 km is the radius of the star. The spectral flux
density, for the distance 0.2 kpc then can be estimated as

FUV
n ;

dE
dtdAdn

≈ LUV

4pr2nUV

≈ 2.5× 10−30 0.2 kpc
r

( )2

ergs s−1 cm−2 Hz−1,

(13)

where nUV ≈ 1.5× 1015 Hz is the leading frequency of

emission. As it is clear from this estimate, the flux is quite
low for distances of the order of 0.2 kpc and will be even less
for larger values of r.

Conclusion

We outlined the main results of Paper-I where the extension of
the idea of FreemanDyson has been considered and it has been
shown that for relatively slowly rotating pulsars with P= 0.5 s
and Ṗ = 10−15 ss−1 the HZ will be on distances of the order of
0.1 AU. By examining the ring in the HZ, we have found that
the temperature of this megastructure will be of the order 390
K, indicating that the Dyson megastructure will be visible in
the IR band.
We have considered the sensitivity of VLTI and by taking

into account its higher possible angular resolution, 0.001
mas, it has been shown that the maximum distance * 0.2
kpc leads to the IR spectral density of the order of 7.4 mJy,
which in turn, can be detected by the VLTI. We have argued
that by monitoring the nearby zone of the solar system ap-
proximately 64 pulsars are expected to be located inside it.
It has been shown that in order to observe the IR sources up

to the distances of the order of *kpc, the IR flux density is of
the order of 3 × 10−27 ergs s−1 cm−2 Hz−1, which can be de-
tected by the IR telescopeWISE. On the other hand, the angu-
lar resolution is not enough to see the structure of the ring.
Therefore, it is necessary to find another feature of the distant
IR ring.
By implying the model developed in (Zhang & Harding

2000) we have found that the temperature of the neutron
star’s surface is 7000 K, which in the electromagnetic spectrum
corresponds to the UV band. The corresponding spectral en-
ergy flux density for the distance * 1 kpc, 10−31 ergs s−1

cm−2 Hz−1 is so small that at this moment no UV instrument
has such a high sensitivity.
As we see, the search of IR rings is quite promising for dis-

tances up to * 0.2 kpc, where one will be able to monitor po-
tentially 64 ± 21 pulsars by using the IR instruments.
Observation of distant pulsars (up to * 1 kpc), although will
significantly increase the total number of potential objects –
to 1600 ± 530, but at this moment the UV instruments cannot
provide such a level of sensitivity.
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