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Cosmic strings are one of the types of topological defects which can
appear during appropriate phase transitions in the expanding early
Universe. Of a particular interest are the superconducting cosmic
strings, in which the massless carriers of charge can move with-
out any resistance. It is shown that the superconducting cosmic
strings in an intergalactic magnetic field can be powerful sources
of nonthermal radiation. We have calculated the spectra of the
synchrotron, self-Compton, and inverse Compton emissions of rel-
ativistic electrons accelerated on the leading edge of a shock wave
around the string. The modern X-ray and gamma-telescopes can
register the loops of cosmic strings at a relatively small distance
of about 0.1 Mpc. Nevertheless, the near-cusp regions can gener-
ate much powerful but appreciably collimated and therefore more
scarce impulses.

1. Introduction

Cosmic strings [1–3] represent one of the types of topo-
logical defects which can be formed under phase transi-
tions in the early Universe. The last years, a great at-
tention is paid to macroscopic fundamental superstrings
with properties close to those of topological defects [4, 5].
Such superstrings can be formed, for example, as residu-
als of the annihilation of branes in models of brane infla-
tion [6]. In many models of elementary particle physics,
the cosmic strings are formed after the inflation, which
leads to their influence on the formation of a large-scale
structure of the Universe [7, 8].

In the older cosmological models of the formation of a
large-scale structure of the Universe, the strings were
considered as ones of the candidates causing the for-
mation of initial perturbations [9–12]. In contemporary
models, where the cosmic strings arise at the end of the
inflation period, the strings contribute insignificantly to
the total spectrum of fluctuations of the density [13, 14].
Their contribution is essentially limited by observable
data. For example, the fluctuations of the temperature

of the cosmic microwave background (CMB) can be a re-
sult of some combinations of quantum fluctuations in the
Universe and the perturbations caused by cosmic strings
[15–18]. However, no direct observations of strings in
fluctuations of the microwave emission are available till
now, which imposes some restrictions on the parameters
of strings, in particular Gµ/c2 ≤ 3.2× 10−7, where µ is
the tension (or the mass per unit length) of a string, G is
the gravitational constant, and c is the light velocity [19].

For the time of their existence, the strings have formed
entangled networks which are composed of loops and in-
finite strings [20, 21]. The strings oscillate and move
with relativistic velocities. When the strings cross one
another, they are reclosed; the self-intersection leads to
the creation of closed loops. The numerical calculations
of the evolution of strings indicate that the network of
strings evolves in a scale-invariant way which is charac-
terized by the presence of several infinite (in the limits
of the horizon) segments and a collection of loops with
various lengths in each Hubble volume [22, 23].

An important direction of studies is the gravitational
lensing on cosmic strings [24, 25]. In particular, the
lensing on infinite cosmic strings gives two identical im-
ages of a background object [26, 27]. The lenses-loops
of strings can induce a rather strong increase in the lu-
minosity of background stars and can be observed due
to this phenomenon [25]. In 2000, F. Bernardeau and J.
Uzan [28] notices one more specific feature of the lensing
by cosmic strings related to small oscillations on a string.
In the vicinity of such a string, a sequence of bright im-
ages appearing at the lensing on its substructures will
be seen.

In 2003, M. Sazhin et al. [29] claimed on the possi-
ble discovery of the first case of the lensing on a cosmic
string. They observed two galaxies very similar by form
and by spectrum which seem to be the images of a single
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galaxy formed by the gravitational lensing on a straight
cosmic string. However, the special program of observa-
tions on the Hubble telescope revealed that these images
correspond to two different galaxies [30].

At the present time, several communications about
a possible experimental discovery of cosmic strings are
known. For example, the authors of work [31] analyzed
fluctuations of the brightness of the well-known gravita-
tionally lensed quasar Q0957+561. The object is com-
posed of two images of the quasar which are positioned
at a distance of about 6" and are formed due to the
gravitational lensing on a massive galaxy. Due to the
difference in the paths of rays from different images, the
fluctuations in objects A and B are shifted in the time
by 412 days. However, on a certain section of the curve
of brightness, the synchronous fluctuations of the bright-
ness of both images were revealed. The synchronism of
fluctuations of the brightness is explained in [31] by the
motion of the loop of a cosmic string near the way of rays
from the images to the observer. The gravitational field
of loops is periodically varied, due to oscillations, and
introduces synchronous fluctuations of the brightness of
the quasar image.

There exist also the superconducting cosmic strings,
inside of which the massless carriers of charge (zero
modes) are present and move, by undergoing no resis-
tance [32–34]. A significant attention is given to the
electrodynamic properties of such strings and to their
interaction with the cosmic plasma. In the presence of
a current along a string, these objects become sources
of electromagnetic emission. In this case, the important
role is played by the emission of the so-called cusps on
a string. Cusps are periodically appearing nonsmooth
(like a break) regions of a string, whose vertices reach
almost instantaneously the velocity of light. The cusps
generate sparks of the electromagnetic emission directed
along their motion [35] which can serve a source of en-
ergy for some cosmological gamma-sparks [36]. Work
[37] reported on the discovery of a millisecond radiospark
which was interpreted in [38] as a spark from the cusp
on a superconducting cosmic string.

It was shown in [39] that if a superconducting string
moves through the cosmic plasma, the former can be
observed as a source of the synchrotron emission. In
[39], a nonrelativistic string was considered. At the same
time, the loops of cosmic strings or separate segments
can move with relativistic velocities. In the present work,
we will consider the nonthermal (synchrotron and inverse
Compton) emission of particles (electrons) of the cosmic
plasma accelerated on the front of a relativistic shock
wave around a string.

2. Cosmic Strings in a Local Universe

The energy scale of a phase transition is characterized
[40, 41] by some dimensionless parameter η related to the
mass per unit length (tension) µ of a string by µ ∼ η2.
The energy loss rate by a string due to the gravitational
emission is determined by the parameter

α =
ΓGµ

c2
, (1)

where Γ ∼ 50 is the dimensionless parameter [42]. The
typical length of loops is determined by the relation l =
αct, where t is the cosmological time moment. Since
we consider a close region of the Universe, we may take
t = t0 = 13.6× 109 yr.

The dependence of the concentration distribution
function for the loops of strings on the time looks as

n =
1

α(ct)3
. (2)

For a given α, the average distance, on which the loops
can be positioned, is ds = n−1/3 = α1/3ct. The mean
angle θ ∼ l/ds = α2/3, at which the Earth’s observer sees
a loop, depends only on the type (tension) of a string (see
Table 1).

3. Superconducting Strings in Plasma

The motion of strings and loops in the intergalactic
plasma is characterized by the parameters: the con-
centration of protons and electrons ne ∼ np = n1 =
10−7n−7 cm−3, B1 = BIGM = 10−7B−7 Gs is the mag-
netic field, and IGM means the intergalactic medium.
Let a superconducting string move in the intergalactic
medium with a Lorentz-factor γs.

During oscillations of a loop in the intergalactic mag-
netic field, an electric current is generated in it with the
mean amplitude

i = kiq
2
eBIGMl/~. (3)

The current generates the proper magnetic field near the
string [43]

Bmag(r) = 2i/cr, (4)

T a b l e 1. Characteristics of strings with various
tensions

α Parameters of strings
l, (pc) ds, (pc) θ

10−6 4.2× 103 4.2× 107 21′′

10−8 42 9.1× 106 1′′

10−11 0.042 9.1× 105 0.01′′
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where r is the distance from the string, qe is the electron
charge, ~ is the Planck constant, and ki ∼ 1 is a constant.

The ionized cosmic plasma cannot penetrate into the
region with a strong magnetic field near the string.
Therefore, at the circumfluence of the string, a shock
wave is formed at some distance rs from it. Behind its
front, the flow of the intergalactic plasma in the reference
system of the string is decelerated and flows around the
“magnetosphere” of the string which is a region with the
high pressure of the magnetic field balancing the dynam-
ical pressure of a plasma in the after-shock region on the
string. We note that the pressure does not vary on the
tangent break (the boundary of the magnetosphere and
the after-shock region), and the size (radius) of the mag-
netosphere is close to the size (radius) of the shock wave,
whose velocity relative to the magnetosphere plasma is
equal to the velocity of the string. Therefore, the radius
of a shock wave can be determined from the condition
of equality of the pressure of the magnetic field of the
magnetosphere Pmag and the pressure behind the front
of the relativistic wave Pdyn in the reference system of
the string: B2

mag/8π = n1mpc
2γ2

sh, where γsh = γs is the
Lorentz-factor of the shock wave. With the accepted no-
tations (α−8 = α/10−8, B−7 = B/10−7, n−7 = n/10−7),
we get

rs =
kiq

2
eBIGMl

2~c2γsh
√

πn1mp
=

= 3.1× 1015kiγ
−1
sh B−7α−8n

−1/2
−7 cm. (5)

The geometry of the problem allows us to separate the
following regions (see Fig. 1): 1 – unperturbed cos-
mic plasma, 2 – the plasma behind the front of a shock
wave, 3 – behind the boundary of the magnetosphere,
the plasma is absent.

4. Acceleration of Electrons on the Front of a
Shock Wave

The characteristics of a shock wave (its Lorentz-factor
γsh and the Lorentz-factor of the plasma behind the front
of the wave γ2; both are considered in the laboratory ref-
erence system) satisfy the relation (Blandford & McKee,
1976)

γ2 '
√

(γ2
sh + 1)/2. (6)

So, for an ultrarelativistic shock wave (γsh À 1), we have
γ2 ' γsh/

√
2, and the concentration of particles n2 and

Fig. 1. Schematic diagram of a flow of the cosmic plasma near a
superconducting string. The trajectories of particles of the plasma
are marked by lines with arrows

the energy density e2 behind the front of a shock wave
are

n2 ≈ 4γ2n1, (7)

e2 = etot ' ep = γ2n2mpc
2 ≈ 4γ2

2n1mpc
2. (8)

The main contribution to the energy density behind the
front of a relativistic shock wave is given by relativistic
protons with ep ' e2. It is known from the analysis of
data on ultrarelativistic waves in cosmological gamma-
sparks [44] that the magneto-hydrodynamic (MHD) pro-
cesses behind the front of a shock wave lead to the trans-
fer of some part of the thermal energy of protons to
electrons (so that ee = εee2) and to the generation of a
turbulent magnetic field (eB = εBe2), whose value

B2 = 2γ2

√
8πc2εBmpn1 =

= 3.9× 10−5γ2n
1/2
−7 ε

1/2
B,−1 Gs (9)

exceeds significantly the value of the expected field in
the case of its freezing. In this case, the energy densities
of electrons and the magnetic field are essentially less
than the energy density of protons (εB < 1, εe < 1).

Continuing the analogy with ultrarelativistic shock
waves in gamma-ray bursts, we assume that the distri-
bution of relativistic electrons in the after-shock region
is a power one:

N(γe) = K ′γ−p
e , (10)
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(N(Ee) = KE−p
e ). We set p > 2 (p ≈ 2.25 for gamma-

ray bursts).
The mean value of γe is

〈γe〉 =
mp

me
εeγ2 ' mp

me
εeγsh. (11)

In this case, the concentration of electrons and the den-
sity of thermal energy of electrons are as follows:

ne,2 =

∞∫

Ee,min

N(Ee) dEe =
K

(p− 1)E(p−1)
e,min

, (12)

ee,2 = εeγ2nmpc
2 =

∞∫

Ee,min

N(Ee)Ee dEe =

=
K

(p− 2)E(p−2)
e,min

. (13)

From the formulas for ee,2 (p ≈ 2.2, γsh = 2), we deter-
mined K:

K
1− ( γe,min

γe,max
)p−2

(p− 2)(γe,minmec2)p−2
= εeγ2n2mpc

2,

K ' εe4γ2(p− 2)γ2n1mpc
2(mec

2γe,min)p−2 =

= 1.5× 10−12γ2.2
2 n−7ε

1.2
e,−1 erg1.2cm−3. (14)

K ′ = K/(mec
2)p−1 = 3× 10−5γ2.2

2 n−7ε
1.2
e,−1 cm−3. (15)

The minimum Lorentz-factor of electrons

γe,min =
mp

me

p− 2
p− 1

γ2εe = 31γ2εe,−1. (16)

The maximum Lorentz-factor can be estimated from the
equality of the durations of the acceleration tacc and the
synchrotron cooling tsyn [46]:

tacc =
cRL

υ2
A

, (17)

tsyn =
γemec

2

Psyn
, (18)

where RL = γemec
2/qeB2 is the Larmor radius of an

electron in the magnetic field B2, υA is the Alfvén ve-
locity, (υ2

A/c2 ' 2εB), Psyn = 4
3σT ceBγ2

e is the emis-
sion power of one electron in a local coordinate system

(the after-shock plasma), and σT is the Thompson cross-
section. Finally, we get

γe,max =
√

12πεBqe

B2σT
= 8.1× 109γ

−1/2
2 n

−1/4
−7 ε

1/4
B,−1. (19)

Another limitation for γe,max accounts for the geometric
boundedness of the acceleration region (∼ rs): Ee,max =
qersB2 or

γe,max = qersB2/mec
2 ∼ 7.1×107γ2γ

−1
sh kiB−7α−8ε

1/2
B,−1.

(20)

Thus, due to the passage of a plasma across the front
of a shock wave, we obtain the power spectrum of rela-
tivistic electrons with characteristics (10) and (15) and
the maximum energy (19) or (20) behind the front.
These electrons will manifest themselves due to the non-
thermal emission from the after-shock region. Such an
emission is one of the main manifestations of supercon-
ducting cosmic strings in the intergalactic plasma.

5. Synchrotron Emission of Electrons

The typical energy of synchrotron photons depends on
the Lorentz-factor γe of relativistic electrons and on a
magnetic field strength and is equal to (in a local coor-
dinate system)

~ωsyn =
~qeB2

mec
γ2

e , (21)

whereas the observed duration of the cooling is given by
formula (18). Therefore, the duration of the cooling as
a function of the energy of photons can be written as

tsyn(νsyn) =
3

σT

√
2πcmeqe

B3
2νsyn

. (22)

The critical parameter determining the mode of cool-
ing (fast or slow) is the Lorentz-factor γe,c of electrons
which are cooled for the hydrodynamic time. We will
find it from the comparison of the hydrodynamic time
of the system thyd ∼ rsh/c and the time of the syn-
chrotron cooling tsyn:

γe,c =
3mec

4σT eBthyd
≈

≈ 7× 1012γ−1
2 k−1

i α−1
−8B

−1
−7n

−1/2
−7 ε−1

B,−1. (23)
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The fast cooling is realized if γe,c < γe,min, i.e. all elec-
trons rapidly loss their energy for the emission. But if
γe,c > γe,min, then only a part of electrons above γe,c

is efficiently cooled, and the main amount of electrons is
in the mode of slow cooling.

As was shown in [46], the synchrotron emission from
the power distribution can be approximated by the bro-
ken energy spectrum with three characteristic frequen-
cies of breaks. The first is the self-absorption frequency
νa, below which the system becomes optically thick. At
the frequencies νa ≥ ν, the self-absorption is important,
and the emission flow is proportional to ν2. Two other
characteristic frequencies νm and νc correspond to the
emission of electrons with the Lorentz-factor γe,min and
γc, respectively. In our case, νa < νm < νc.

For the energy spectrum of electrons (11), the energy
of the synchrotron emission from unit volume per unit
frequency interval (spectral emissive ability) for slow
cooling can be written as

jν ∼





(ν/νm)2jν,max, if νa ≥ ν;

(ν/νm)1/3jν,max, if νm ≥ ν > νa;

(ν/νm)−(p−1)/2jν,max, if νc ≥ ν > νm;

(νc/νm)−(p−1)/2( ν
νc

)−p/2jν,max, if ν > νc.

(24)

In a local reference system, the characteristic fre-
quency of the synchrotron emission of an electron which
moves with γe

νsyn =
qeB2

2πmec
γ2

e . (25)

The emission power maximum is observed at the fre-
quency (for an electron with γe,min)

νm ≈ qeB2

4πmec
γ2

e,min = 5.3×104γ3
2n

1/2
−7 ε2e,−1ε

1/2
B,−1 Hz. (26)

For the mode of slow cooling (here and below, we take

T a b l e 2. Maxima of the flows of the synchrotron, syn-
chrotron self-Compton, and inverse Compton emissions
from loops at the mean distance from the observer (for
n1 = 10−7 cm−3, B1 = 10−7 Gs, εe = 0.1, εB = 0.1,
γsh = 2)

α Flows, (erg/cm2 ·Hz · s)
Fν,max FSSC

ν,max F IC
ν,max

10−6 1.1× 10−26 1.5× 10−40 2.1× 10−40

10−8 2.4× 10−31 3.3× 10−47 4.5× 10−45

10−11 2.4× 10−38 3.3× 10−57 4.5× 10−52

p = 2.2),

jν,max = AK ′ν
−(p−1)

2
m =

= 3.6× 10−31γ3.2
2 n

3/2
−7 ε

1/2
B,−1ε

1.2
e,−1 erg/cm3 ·Hz · с, (27)

where we used the formula [47]

A = Γ
(

p

4
+

19
12

)
Γ

(
p

4
− 1

12

) √
3πΓ(p+5

4 )q3
eB2

Γ(p+7
4 )(p− 1)mec2

×

×
(

2πmec

3qeB2

)−(p−1)
2

. (28)

The spectral flow of the synchrotron emission

Fν =
Vemjν

4πd2
s

, (29)

where Vem is the volume of the radiating region, and
ds is the mean distance from the Earth’s observer to
the string. Let the cross-section and the length of the
radiating region be rs and l, respectively. Then Vem =
3
2πr2

s l ≈ 2× 10−4γ−2
sh k2

i B2
−7α

3
−8n

−1
−7 pc3.

The maximum of a synchrotron emission flow
(erg/cm2 ·Hz · s) (see Tables 2, 3 and Fig. 2):

Fν,max = 2.1× 10−31γ3.2
2 γ−2

sh k2
i B2

−7α
7/3
−8 n

1/2
−7 ε

1/2
B,−1ε

1.2
e,−1.

(30)

6. Synchrotron Self-Compton Emission

New-born synchrotron photons can scattered by rela-
tivistic electrons behind the front of a shock wave. With
regard for the fact that the electrons are ultrarelativis-
tic (their energy À the energy of photons), the in-
verse Compton effect will be observed under the scat-
tering: the electrons will transfer the energy to photons.
The inverse Compton scattering by “own” synchrotron

T a b l e 3. Estimation of the flow in unit logarith-
mic frequency interval νmFν,max, νSSC

m FSSC
ν,max, νIC

m F IC
ν,max

from strings at the mean distance from the observer (for
n1 = 10−7 cm−3, B1 = 10−7 Gs, εe = 0.1, εB = 0.1,
γsh = 2)

α Flows, (erg/cm2 · s)
νmFν,max νSSC

m FSSC
ν,max νIC

m F IC
ν,max

10−6 2.4× 10−21 3.4× 10−31 4.4× 10−26

10−8 5.1× 10−26 7.4× 10−38 9.4× 10−31

10−11 5.1× 10−33 7.4× 10−48 9.4× 10−38
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Fig. 2. Expected flows of the synchrotron, synchrotron self-
Compton, and inverse Compton emissions of relativistic electrons
behind the front of a shock wave for loops with various tensions
(linear density) at the mean distance from the Earth’s observer
(for n1 = 10−7 cm−3, B1 = 10−7 Gs, εe = 0.1, εB = 0.1, γsh = 2)

photons is called the synchrotron self-Compton emis-
sion (as distinct, e.g., from “ordinary” inverse Comp-
ton scattering by relic photons). There are known
the different modes of the inverse Compton effect [46]:

1) Esynγe,min ≤ mec
2 – Thompson limit, for which

EIC = Esynγ2
e ; 2) Esynγe,min À mec

2 – Klein–Nishina
limit, for which EIC = 4

3Esynγe.
By using the synchrotron spectrum, we can calculate

the spectrum of the self-Compton emission, by integrat-
ing the former over the distribution of electrons [46]:

F SSC
ν = rsσT

∞∫

γe,min

dγeN(γe)

x0∫

0

dx Fν(x), (31)

where x = ν/4γ2
eνsyn (x0 = 0.5). Analogously to the

spectrum of the synchrotron emission, the spectrum
of the self-Compton emission with characteristic values
νSSC = 4γ2

eνsynx0 is composed of several segments with
breaks.

For the mode of slow cooling, we have

F SSC
ν = x0rsσT n2Fν(νsyn(γe,min))× (32)

×





5
2

(p−1)
(p+1)

(
νa

νm

)1/3 (
ν

νSSC
a

)
, if ν ≤ νSSC

a ;

3
2

(p−1)
(p−1/3)

(
ν

νSSC
m

)1/3

, if νSSC
a < ν ≤ νSSC

m ;

(p−1)
(p+1)

(
ν

νSSC
m

) 1−p
2

[
4(p+1/3)

(p+1)(p−1/3)+

+ ln
(

ν
νSSC

m

) ]
, if νSSC

m < ν ≤
√

νSSC
m νSSC

c ;

(p−1)
(p+1)

(
ν

νSSC
m

) 1−p
2

[
2 (2p+3)

(p+2) − 2
(p+1)(p+2)+

+ ln
(

νSSC
c

ν

)]
, if

√
νSSC

m νSSC
c < ν ≤ νSSC

c ;

(p−1)
(p+1)

(
ν

νSSC
m

)−p
2

(
νc

νm

) [
2 (2p+3)

(p+2) + 2
(p+2)2 +

+ (p+1)
(p+2) ln

(
ν

νSSC
c

)]
, if ν > νSSC

c .

The maximum of the emission flow (erg/cm2 ·Hz · s) (see
Tables 2, 3 and Fig. 2):

F SSC
ν,max(ν

SSC
m )'4σT rsn2x0

(p−1)(p+1/3)
(p−1/3)(p+1)2

Fν,syn(νB) =

= 3.7× 10−47γ4.2
2 γ−3

sh k3
i B3

−7α
10/3
−8 n−7ε

1/2
B,−1ε

1.2
e,−1 (33)

in the case where νSSC
a ¿ νSSC

m ¿ νSSC
c .

The emission frequency:

νSSC
m = 4γ2

e,minνm = 2.1× 108γ5
2n

1/2
−7 ε4e,−1ε

1/2
B,−1 Hz. (34)
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7. Inverse Compton Effect on CMB photons

High-energy electrons of the cosmic plasma can be also
scattered on CMB photons, by transferring them a part
of their energy. We now calculate the spectrum of Comp-
ton photons under the scattering of relativistic elec-
trons on the black-body emission with the temperature
T = 2.7 K (on photons of the cosmic microwave emis-
sion).

Under the inverse Compton emission in the Thompson
mode, the spectral emissive ability can be written as [48]

jIC
ν = K ′ 8π2r2

e

h2c2
(kT )(p+5)/2F (p)(hν)−(p−1)/2. (35)

Here, h = 2π~, k – Boltzmann’s constant, re – electron
radius (re = q2

e/mec
2), and the function

F (p) = 2p+3 p2 + 4p + 11
(p + 3)2(p + 5)(p + 1)

Γ
(

p + 5
2

)
ζ

(
p + 5

2

)
.

(36)

The frequency corresponding to the emissive ability
maximum:

νIC
m = γ2

e,min

3kT

2h
= 8.1× 1013γ2

2ε2e,−1 Hz. (37)

The emissive ability maximum for the inverse Compton
emission:

jIC
ν,max(ν

IC
m ) = 1.9× 10−44γ2n−7 erg/cm3 ·Hz · s. (38)

The maximum of the emission flow from the string at the
mean distance from the Earth’s observer (erg/cm2 ·Hz·s)
(see Tables 1, 2 and Fig. 2):

F IC
ν,max(ν

IC
m ) = 1.1× 10−44γ2γ

−2
sh k2

i B2
−7α

7/3
−8 . (39)

Since the maximum energy of accelerated electrons
of the order of 1015 eV, the maximum energy of syn-
chrotron emission is of the order of 106 eV. That is, the
synchrotron spectrum extends to the hard X-ray- and
gamma-ranges with the maximum flow νmaxFν(νmax) ∼
10−15 (erg/cm2 · s). At the same time, the sensitiv-
ity of modern X-ray telescopes in this range is also
of the order νFν ∼ 10−15 (erg/cm2 · s) (for compar-
ison, ACIS on Chandra can registered flows less than
4 × 10−15 (erg/cm2 · s) for the energies of 0.4–6 keV).
The result allows one to see a cosmic loop with α = 10−6

in the X-ray-range even at the mean distance from the
observer.

In our model, the maximum energy of inverse Comp-
ton emission is of the order of 1013 eV. That is, the

spectrum extends to the TeV-range with the maximum
flow νIC

maxF
IC
ν (νIC

max) ∼ 10−20 (erg/cm2 · s). At the same
time, the sensitivity of modern Cherenkov telescopes in
this range is of the order νFν ∼ 10−13 (erg/cm2 · s).
Therefore, a cosmic loop can be seen in the TeV-range
only from a distance less than 100 kpc.

Generally, the flows of the synchrotron and inverse
Compton emissions from a cosmic loop at the typical
distance from the Earth which are calculated in the
present work are lower the sensitivity of available fa-
cilities. Therefore, we may hope for the observation of
a loop only if it is sufficiently close to the Earth. At
the same time, we do not consider the possible collima-
tion and increase of the flow from sections of loops which
move with a high Lorentz-factor. In particular, the near-
cusp regions will emit significantly more powerful flows.

8. Conclusions

In the present work, we have considered the astrophysi-
cal manifestations of superconducting cosmic strings due
to the nonthermal emission of electrons of the cosmic
plasma accelerated on the front of a shock wave near the
magnetosphere of a string. It is shown that the supercon-
ducting strings in the magnetized intergalactic medium
can be powerful sources of the nonthermal emission. We
have calculated the flows and spectra of the synchrotron,
synchrotron self-Compton, and inverse Compton emis-
sions of relativistic electrons under their scattering on
relict photons. Modern X-ray- and gamma-telescopes
can register such loops at a relatively small distance
from the Earth, about 0.1 Mpc. However, the near-
cusp regions can generate significantly more powerful,
though, respectively, essentially collimated and therefore
less frequent impulses, whose study will be performed
elsewhere.
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ЕЛЕКТРОМАГНIТНЕ ВИПРОМIНЮВАННЯ
КОСМIЧНИХ СТРУН

Л.В. Задорожна, Б.I. Гнатик

Р е з ю м е

Космiчнi струни – один з видiв топологiчних дефектiв, що
утворюються пiд час фазових переходiв полiв зi спонтанним
порушенням симетрiї у ранньому Всесвiтi. Особливий iнтерес
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ELECTROMAGNETIC EMISSION OF COSMIC STRINGS

представляють надпровiднi космiчнi струни, всерединi котрих
без опору рухаються безмасовi носiї заряду. В роботi показано,
що надпровiднi космiчнi струни у мiжгалактичному магнiтно-
му полi можуть бути джерелами потужного нетеплового ви-
промiнювання. Розраховано спектри синхротронного, синхро-
тронного само-комптонiвського та оберненого комптонiвського

випромiнювання релятивiстських електронiв, прискорених на
фронтi ударної хвилi навколо струни. Сучасними рентгенiв-
ськими та гама-телескопами можливо виявити петлi на досить
невеликiй вiдстанi – до 0,1 Мпк. Тим не менше, вiд прикаспо-
вих областей можуть очiкуватися набагато потужнiшi, проте
суттєво колiмованi iмпульси.
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