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Cosmic strings are relics of the early Universe which can be formed during the phase transitions of �elds
with spontaneously broken symmetry in the early Universe. Their existence �nds support in modern superstrings
theories, both in compacti�cation models and in theories with extended additional dimensions. Strings can hold
currents, e�ectively become electrically superconducting wires of astrophysical dimensions. Superconducting cosmic
strings can serve as powerful sources of non-thermal radiation in wide energy range. Mechanisms of radiation are
synchrotron, synchrotron self-Compton and inverse-Compton on CMB photons radiation of electrons accelerated
by bow shock wave, created by magnetosphere of relativistically moving string in intergalactic medium (IGM).
Expected �uxes of radiation from the shocked plasma around superconducting cosmic strings are calculated for
strings with various tensions and for di�erent cases of their location. Possibilities of strings detection by existing
facilities are estimated.
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introduction

Cosmic strings as one-dimensional topological de-
fects in gauge �elds theory could arise as a result of
spontaneous symmetry breaking by Kibble mecha-
nism in the cooling down early Universe, or in non-
equilibrium conditions after in�ation [7]. Strings
have formed entangled networks during their ex-
istence, which are composed of loops and in�nite
strings [4, 14], strings oscillate and move with rel-
ativistic velocities.

As if the cosmic strings arise at the end of the in-
�ation period, they contribute insigni�cantly to the
total spectrum of �uctuations of the density [17].
However, no direct observations of strings in �uc-
tuations of the microwave emission are available till
now, which imposes some restrictions on the param-
eters of strings. The existence of strings with tension
Gµ/c2 . 10−7, where µ is the tension of a string, G
is the gravitational constant [6], which follows from
the testing of the power spectrum of the CMB tem-
perature, is still possible, so these strings may be a
subject of studies and observations.

According to some SUSY particle-physics models,
cosmic strings can possess a properties of developing
tremendous electric currents, thus they e�ectively
become electrically superconducting wires of astro-
physical dimensions [5, 11]. We study the electrody-
namic properties of such strings and their interaction
with the cosmic plasma. It was shown that moving
through the cosmic plasma with relativistic veloc-
ity superconducting cosmic strings become sources
of electromagnetic radiation.

characteristics of cosmic strings

The energy scale of a phase transition is charac-
terized by parameter η related to the tension (mass
per unit length) µ of a string by µ ∼ η2/(~c3), where
~ is the Planck constant. Dimensionless parameter
that characterizes the gravitational action of cosmic
string (i. e. its energy loss rate) α, connected with
tension µ, is:

α =
ΓGµ

c2
∼ η2

m2
Plc

4
,

where Γ ≈ 50 is the dimensionless parameter, mPl
is the Planck mass [13]. The typical length of the
loops of cosmic strings is l = αct, where t is the cos-
mological moment of time [3]. Since we consider a
close region of the Universe t = t0 = 13.6 · 109 yrs.

Distribution function of loops concentration with

time is n =
[
α(ct)3

]−1
[3]. For a given α, the

average distance on which the loops can be posi-
tioned (or distance from a loop to an observer) is

ds = n−1/3 = α1/3ct. The middle angle, at which
loop can be observed on the Earth: θ ∼ l/ds = α2/3

depends only on tension of string (see Table 1) [10].

Table 1: Characteristics of cosmic strings with various
tensions

parameters of string

α l, pc ds, pc θ,′′

5 · 10−6 2.1 · 104 7.1 · 107 60.3

10−6 4.2 · 103 4.2 · 107 20.6

10−8 41.7 9.0 · 106 1

10−11 0.042 9.0 · 105 0.01
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interaction

of superconducting strings

with intergalactic plasma

Let strings move with Lorentz factor γs in the
intergalactic medium with typical parameters: con-
centration of protons and electrons ne ∼ np = n1 =
= 10−7n−7 cm

−3, where B1 = BIGM = 10−7B−7G
is the magnetic �eld (hereinafter B−7 = B/10−7,
n−7 = n/10−7 etc.).

During oscillations of a loop in the intergalactic
magnetic �eld, an electric current is generated in it
with the mean amplitude i = kiq

2
eBIGM l/~, where

qe is the electron charge, ki ∼ 1 is a constant. The
current generates the proper magnetic �eld around
the string Bmag(r) = 2i/(cr), where r is a distance
from the string [16].

The ionized cosmic plasma cannot penetrate into
the region of a strong magnetic �eld near the string,
that is why the shock wave is formed at some dis-
tance rs from it. Behind its front, the �ow of the
plasma in the reference system of the string is de-
celerated and �ows around the �magnetosphere� of
the string which is a region with the high pressure of
the magnetic �eld balancing the dynamical pressure
of a plasma in the after-shock region on the string.
Therefore, the radius of a shock wave can be deter-
mined. With the accepted notations we get [18]:

rs =
kiq

2
eBIGM l

2~c2γsh
√
πn1mp

=

= 3.1 · 1015kiγ−1
sh B−7α−8n

−1/2
−7 cm, (1)

wheremp is the proton mass, γsh = γs is the Lorentz-
factor of the shock wave.

The characteristic of a shock wave is its Lorentz
factor γsh and Lorentz factor of plasma behind wave
front γ2 (both are in lab reference system) [2]:

γ2 '
√

(γ2sh + 1)/2.

Particle concentration n2 and energy density e2 be-
hind the front of a shock wave are [18, 19]:

n2 ≈ 4γ2n1,

e2 = etot ' ep = γ2n2mpc
2 ≈ 4γ22n1mpc

2.

Relativistic protons give the main contribution to
the energy density behind relativistic shock wave
ep ' e2. Magneto-hydrodynamic processes behind
the front of a shock wave lead to the transfer of some
part of the thermal energy of protons to electrons
ee = εee2, εe < 1 and to the generation of a turbu-
lent magnetic �eld eB = εBe2, εB < 1. Its value is

[19]:

B2 = 2γ2

√
8πc2εBmpn1 = 3.9 · 10−5γ2n

1/2
−7 ε

1/2
B,−1 G.

We assume that electrons develop a power-law dis-
tribution in the after-shock region with exponential
cuto� at the high energies:

N(γe) = K ′γ−p
e e

− γe
γe,max ,

N(Ee) = KE−p
e e

− Ee
Ee,max , (2)

where K and K ′ are the proportionality coe�cients,
γe,max, Ee,max is a maximal Lorentz factor and a
maximal energy of electrons, respectively, and p =
= 2.2 (p ≈ 2.25 from the analysis of data for gamma-
ray bursts).

The concentration of electrons ne,2 and the den-
sity of their thermal energy ee,2 can be calculated
as:

ne,2 =
K

p− 1

(
1

Ep−1
min

− 1

Ep−1
max

)
,

ee,2 = εeγ2nmpc
2 =

K

p− 2

(
1

Ep−2
min

− 1

Ep−2
max

)
. (3)

Now, in the assumption of a very high maximal
electrons energy (in comparison with their minimal
energy), K can be found from formula (3) (where
p = 2.2, γsh = 2):

K ' 4(p− 2)εen1γ
2
2mpc

2(mec
2γe,min)

p−2 =

= 1.5 · 10−12γ2.22 n−7ε
1.2
e,−1 erg

1.2cm−3,

while K ′ equals:

K ′ =
K

(mec2)p−1
= 3 · 10−5γ2.22 n−7ε

1.2
e,−1 cm

−3. (4)

The minimal Lorentz-factor of electrons can be
expressed as:

γe,min =
mp

me

p− 2

p− 1
γ2εe = 31γ2εe,−1. (5)

The maximal Lorentz-factor of electrons is esti-
mated from the equality of acceleration time tacc and
time of synchrotron cooling tsyn [12, 18]:

tacc =
cRL

v2a
,

tsyn =
γemec

2

Psyn
,

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

electron, va is the Alfvén velocity (v2a/c
2 ' 2εB),

Psyn = 4/3σT ceBγ
2
e is the emission power of one

136



Advances in Astronomy and Space Physics D.A.Rogozin, L.V. Zadorozhna

electron in the local system of coordinates (the after-
shock plasma), σT is the Thompson cross-section. As
a result γe,max is as follows:

γe,max =

√
12πεBqe
B2σT

= 8.1 · 109γ−1/2
2 n

−1/4
−7 ε

1/4
B,−1.

(6)
Another restriction for γe,max can be found consid-
ering the geometric boundedness of the acceleration
region (∼ rs): Ee,max = qersB2. Previous expression
can be rewritten as [18]:

γe,max =
qersB2

mec2
≈ 7.1 · 107γ2γ−1

sh kiB−7α−8ε
1/2
B,−1.

(7)
Hence, on account of passing plasma through the

front of a shock-wave, behind the front a power
energetic spectra of relativistic electrons are being
formed with characteristics (2), (4), minimal energy
(5) and maximal energy (6) or (7). These elec-
trons will appear themselves because of non-thermal
(synchrotron, inverse Compton and synchrotron self-
Compton) radiation from the after-shock region.
Such radiation is one of the main manifestations of
the superconducting cosmic strings in the IGM.

synchrotron radiation of

superconducting cosmic strings

Spectral emissive ability of the electrons due to
synchrotron radiation is as follows [8]:

j(ν) =

∫
Ee

J(ν,Ee)N(Ee)dEe,

where N(Ee) is energetic distribution of electrons
and J(ν,Ee) is spectral emissive ability of one elec-
tron. In the present paper we use approximation for
this function, which was proposed in [1]:

J(ν,Ee) =

√
2e3B

mec2
x

∞∫
x

K5/3(η)dη =

=

√
2e3B

mec2
Cx1/3e−x.

Here x =
ν

νc
=

2ν

3γ2eνg
=

4πmecν

3eBγ2e
= b

ν

γ2e
, where

b =
4πmec

3eB
, C ≈ 1.85, me is the electron mass and

B is the magnetic �eld.
Finally, spectral emissive ability of the electrons

with power-law energetic distribution can be written

as:

j(ν) =

∫
Ee

J(ν,Ee)N(Ee)dEe =

= A

γe,max∫
γe,min

(
ν

γ2e

)1/3

e−b ν

γe2 γ−p
e e

− γe
γe,max dγe, (8)

where A = CK ′√2e3Bb1/3/(mec
2)2.

Now let us consider which spectral �uxes (�uxes
per unit of frequency) we can observe from the super-
conducting cosmic strings located in the intergalac-
tic medium. They easily are expressed through the
spectral emissive ability of the electrons j(ν), the
emission region Vem and through the average dis-
tance from the terrestrial observer to the string ds:

Fν =
Vemj(ν)

4πd2s
. (9)

At the same time emission region can be expressed
through the radius of the emission region and its
length:

Vem =
3

2
πr2s l ≈ 2 · 10−4γ−2

sh k2iB
2
−7α

3
−8n

−1
−7 pc

3.

inverse compton radiation of

superconducting cosmic strings

Spectral emissive ability of the isotropically dis-
tributed electrons in the case of inverse Compton
radiation is [9]:

j(Eγ) = cEγ

∫
dγN(γ)

∫
dεnph(ε)σKN (Eγ , ε; γ),

(10)
where γ is the Lorenz factor of electron, N(γ) is the
energetic distribution of electrons, ε and Eγ are the
energies of photon before and after interaction, re-
spectively, nph(ε) is the isotropic initial photon en-
ergy distribution,

σKN (Eγ , ε; γ) =
3σT
4εγ2

G(q, η)

is the angle-integrated cross-section of inverse Comp-
ton radiation, σT is the Thomson cross-section,

G(q, η) = 2q ln η + (1 + 2q)(1− q) + 2ηq(1− q),

q =
Eγ

Γ(γmec2 − Eγ)
, Γ =

4εγ

mec2
, η =

εEγ

(mec2)
2 .

In a lot of astrophysical environments, the ini-
tial photon energy �eld may be represented by the
isotropic black-body radiation:

nph(ε) =
1

π2~3c3
ε2

exp(ε/εc)− 1
,
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where εc = kT . In our case we consider cosmic mi-
crowave background radiation with a typical temper-
ature T = 2.73K.

Let us re-write equation (10) in the form:

j(Eγ) =

∫
dγN(γ)J(γ,Eγ),

where the spectral emissive ability of one electron
with the Lorenz factor γ is:

J(γ,Eγ) =
3σTm

2
ec

2εc
4π2~3

γ−2I(ηc, η0) =

=
2e4εc
π~3c2

γ−2I(ηc, η0),

with the function I(ηc(Eγ), η0(γ,Eγ)):

I(ηc, η0) =

∫
(η/ηc)G(η0/η, η)

exp(η/ηc)− 1
dη,

where

ηc =
εcEγ

(mec2)
2 ,

η0 = qη =
E2

γ

4γmec2(γmec2 − Eγ)
.

Let us use the approximation for integral
I(ηc, η0):

I(ηc, η0) ≈
π2

6
ηc

(
exp

[
−5

4

(
η0
ηc

)1/2
]
+

+2η0 exp

[
−5

7

(
η0
ηc

)0.7
])

exp

[
−2η0
3ηc

]
. (11)

This approximation accurately represents I in any
mode, from Thomson to extreme Klein-Nishina.
Equation (11) is correct for any ηc [9]. In the present
study we used this approximation.

Now when we know how to calculate spectral
emissive ability of inverse Compton radiation we can
easily �nd its spectral �ux using the formula (9).

synchrotron

self-compton radiation

of superconducting strings

Let us consider situation when photons which
were born due to synchrotron radiation scatter on

relativistic electrons behind the front of a shock-
wave. Regarding the fact that electrons are ultra-
relativistic and their energy are much bigger than
energy of photons in this case we will also observe
inverse Compton radiation and photons will receive
the part of electron's energy. This type of radiation
is called synchrotron self-Compton radiation.

We have calculated spectrum of synchrotron radi-
ation (8) that is why now we can �nd spectral emis-
sive ability of synchrotron self-Compton radiation.
We just need to integrate synchrotron spectrum us-
ing (10). To �nd the concentration of synchrotron
photons which is applied in this formula we have to
use the following expression:

nph(ε)dε =
ωph(ε)

ε
dε =

rs
cε
j(ε)dε,

where rs is a radius of a shock-wave around the cos-
mic string (1). At the same time this is typical size
of emission region.

Then again using the formula (9) we can easily
�nd spectral �ux of synchrotron self-Compton radi-
ation.

fluxes from strings

located in the igm

In the present paper spectral �uxes of syn-
chrotron, inverse Compton and synchrotron self-
Compton radiation were calculated for strings with
di�erent tensions µ. Obtained results are presented
in Figs. 1�3.

Fig. 1: Expected spectral �ux of synchrotron radia-
tion from a loop of a cosmic string in the intergalac-
tic medium at the average distance from the terres-
trial observer for strings with di�erent tensions (for
n1 = 10−7 cm−3, B = 10−7 G, γsh = 2, εe = 0.1,
εB = 0.1)

1http://www.vla.nrao.edu
2http://www.nasa.gov
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In Fig. 1 one can also see the sensitivities of
VLA1 (Very Large Array) and HST2 (Hubble Space
Telescope) which work in the radio and optical re-
gions, respectively. NRAO VLA Sky Survey was �n-
ished and it consists of objects which have spectral
�uxes Fν in radio region more than 3 · 10−3 Jy =
4 · 10−17 erg cm−2 c. Hubble Space Telescope can ob-
serve objects with spectral �uxes Fν in V-�lter more
than 2.5·10−18 erg cm−2 c. It is obvious from the plot
that synchrotron radiation from the cosmic strings
with parameter α ≥ 10−6 can be detected with facil-
ities of existing telescopes.

Fig. 2: Expected spectral �ux of inverse Compton ra-
diation from a loop of a cosmic string in the inter-
galactic medium at the average distance from the ter-
restrial observer for strings with di�erent tensions (for
n1 = 10−7 cm−3, B = 10−7 G, γsh = 2, εe = 0.1,
εB = 0.1)

Fig. 3: Expected spectral �ux of synchrotron self-
Compton radiation from a loop of a cosmic string in
the intergalactic medium at the average distance from
the terrestrial observer for strings with di�erent tensions
(for n1 = 10−7 cm−3, B = 10−7 G, γsh = 2, εe = 0.1,
εB = 0.1)

We do not present sensitivities of any telescopes
which work in the X-ray or γ-band on the plots for
inverse Compton and synchrotron self-Compton ra-
diation because they are much less than maximal
�uxes of these types of radiation from the supercon-
ducting cosmic strings. So we can make a conclusion
that inverse Compton and synchrotron self-Compton
radiation from the strings are not available for ob-
servations by current cosmic and ground-based tele-
scopes.

fluxes from the strings

located in galaxy clusters

In the next step let us assume that supercon-
ducting cosmic string with α = 10−6 is located in
a cluster of galaxies with typical parameters of mag-
netic �eld B = 10−6(1 + z)2G and concentration
of electrons and protons n1 = 10−3(1 + z)3 cm−3,
where z is the redshift. We obtained spectral �uxes
of synchrotron, inverse Compton and synchrotron
self-Compton radiation for clusters with di�erent
luminosity distances from the terrestrial observer:
20, 50, 150, 500, and 4000Mpc. It is connected
with a redshift z by the formula: d = 3t0c(1 +

+z)1/2
[
(1 + z)1/2 − 1

]
. Other parameters remain

the same: γsh = 2, εe = 0.1, εB = 0.1.
Our results are shown in Figs. 4�6. As one can

see, in this case also only synchrotron radiation from
the superconducting cosmic strings can be observed
by current telescopes and only from the nearest clus-
ters.

Fig. 4: Expected spectral �ux of synchrotron radia-
tion from a loop of a cosmic string in the clusters of
galaxies which are located at the di�erent luminosity
distances from the terrestrial observer (for α = 10−6,
n1 = 10−3(1 + z)3 cm−3, B = 10−6(1 + z)2 G, γsh = 2,
εe = 0.1, εB = 0.1)
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Fig. 5: Expected spectral �ux of inverse Compton radia-
tion from a loop of a cosmic string in the clusters of galax-
ies located at di�erent luminosity distances from the ter-
restrial observer (for α = 10−6, n1 = 10−3(1 + z)3 cm−3,
B = 10−6(1 + z)2 G, γsh = 2, εe = 0.1, εB = 0.1)

Fig. 6: Expected spectral �ux of synchrotron self-
Compton radiation from a loop of a cosmic string in
the clusters of galaxies located at di�erent luminosity
distances from the terrestrial observer (for α = 10−6,
n1 = 10−3(1 + z)3 cm−3, B = 10−6(1 + z)2 G, γsh = 2,
εe = 0.1, εB = 0.1)

results and conclusions

In the present paper we examined the model of
motion of the superconducting cosmic string in IGM
and process of interaction of its magnetosphere with
an ambient intergalactic plasma. We also consid-
ered the model of generation of the relativistic shock
wave around the string and acceleration mechanism
of electrons on its front.

We calculated the �uxes of all types on non-
thermal radiation (synchrotron, inverse Compton
and synchrotron self-Compton radiation) from the
loops of the superconducting cosmic strings using ap-
propriate approximation for spectral emissive ability
of one electron and assumption of exponential cuto�
at the high energies in the energetic distribution of
electrons. It was done for strings with di�erent ten-
sions which are located in the intergalactic medium
and in the clusters of galaxies.

We also examined a possibility of detecting �uxes
from superconducting cosmic strings by existing tele-
scopes. It was shown that strings with the largest
tensions located in the IGM are available for observa-
tion with current telescopes. Cosmic strings located
in the galaxy clusters can be detected with the HST
and VLA telescopes only from the nearest clusters.
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