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We investigate cosmic sparks from cusps on superconducting cosmic strings in light of the recently

discovered millisecond radio burst by Lorimer et al.. We find that the observed duration, fluence,

spectrum, and event rate can be reasonably explained by grand unification scale superconducting cosmic

strings that carry currents �105 GeV. The superconducting string model predicts an event rate that falls

off only as S�1=2, where S is the energy flux, and hence predicts a population of very bright bursts. Other

surveys, with different observational parameters, are shown to impose tight constraints on the super-

conducting string model.
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The discovery of a radio burst (‘‘spark’’) was recently
reported by Lorimer et al. [1] in the Parkes survey and
analysis of the dispersion measure suggests that the
source is of cosmological origin. A thorough examination
of the observation has supported this conclusion [2].
Conventional astrophysical sources are not known and
neither has a host galaxy for the event been identified.

If more cosmic sparks are observed and found to be
extragalactic, it would indicate an exotic cosmological
process. Superconducting cosmic strings are a possible
exotic source of electromagnetic phenomena in the
Universe and arise quite naturally in particle physics mod-
els [3], though less so in string theory [4]. Earlier work on
cosmological signatures of superconducting cosmic strings
has primarily focused on high energy emission in the form
of particles and/or gamma rays [3,5,6] or synchrotron
emission [7]. In this Letter we argue that radio emission
may be a good way to look for superconducting strings as
they can cause observable sparks similar to the one seen by
Lorimer et al.. Even if further observations discover astro-
physical sources for observed sparks, the prediction that
superconducting cosmic strings produce radio sparks that
are potentially observable is important from the particle
physics viewpoint, since their detection or absence may be
used to constrain various fundamental models.

Superconducting cosmic strings can be viewed as elas-
tic, current-carrying wires, distributed in the cosmos as
closed loops and infinitely long Brownian curves. The
mass per unit length of a string will be denoted by � ¼
�2 and the current by i0. Current-carrying strings oscillate
under their own tension and radiate electromagnetically
(e.g., see [8]). The radiation is very strong from events such
as ‘‘cusps’’ which are points on an idealized (zero thick-
ness, no current) string that reach the speed of light for a
brief instant [9–11]. In a more realistic setting, the cusp
gets cut off due to the thickness of the string and due to the
backreaction of the current and radiation. Nonetheless the
radiation is very strong from localized regions (‘‘quasi-
cusps’’) even in the realistic string case. The scenario we

envision is that a curved section of string (or loop) of length
L develops a cusp and beams electromagnetic radiation in
direction ẑ. The observer is located at some large distance,
d, from the location of the cusp and slightly off the z axis,
at an angle �0 (Fig. 1).
The energy emitted from a cusp at angular frequency

! ¼ 2��, at angle � from the beam direction, and ob-
served at distance d (i.e., the fluence) is given by

F � 1

d2
d2E!

d!d�
� bi20

L2

d2
e�a!L�3 if a!L�3 > 1; (1)

where a and b are constants that depends on the shape of
the cusp and we will take a� 1, b� 1. (We also work in
natural units throughout, so @ ¼ 1 ¼ c.) This result is most
easily obtained by expanding the result in Ref. [10] for
large !L�3. If, instead, we have !L�3 < 1, the emitted

energy falls off / !�2=3.
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FIG. 1 (color online). String segment with current i0 at 3 differ-
ent times, with a cusp at O, with velocity along z. The size of the
curved section of string is L. The observer is at an angle �0 from
the z axis at a distance d.
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The total energy emitted from a loop in electromagnetic
and gravitational radiation in one time period is Etotal;loop �
ð�ei0�þ �G�2ÞL � ��L where e � 0:3 is the charge of
the current carriers,GNewton’s gravitational constant, and
�� 30, �� 100 are numerical factor determined by aver-
aging numerically derived radiation rates from a variety of
loops.

The temporal width of the emission seen from the cusp
is given by the duration for which the observer is in the
beam. The emission from the cusp is beamed but the beam
is changing direction at a rate _�� 1=L. So the beam
changes its direction by �0 in a time L�0. Since, for large
angles from the beam, the emission gets cut off exponen-

tially fast [Eq. (1)], we have �0 � ð!LÞ�1=3, and

�t�!�1=3L2=3: (2)

The event rate depends on the number density of loops
and is derived from numerical simulations of nonsuper-
conducting strings [8]. Note that the results for nonsuper-
conducting strings should also apply in the case that the
current on the string is much smaller than the symmetry
breaking scale �. The simulations ignore radiative effects
and find that the number density of loops of length between
l0 and l0 þ dl0 is dnl0 � Adl0=ðl20t2Þ, where A� 102 [12–

14] (also see [15]). Because of radiation, the length l of a
loop decreases with time, lðtÞ ¼ l0 � �ðt� tiÞ, where ti is
the time when the loop was born. So the number density of
loops of size l at time t is

dnlðtÞ � Adl

ðlþ �tÞ2t2 ; (3)

where the radiative shrinking has been included, and we
have assumed that the loops were all born at some very
early time so that t � ti.

The spark observed by Lorimer et al. was in the fre-
quency interval (1.28,1.52) GHz and the central frequency
is �0 ¼ 1:4 GHz. Based on the dispersion measure of the
event, the observed event is constrained to lie within red-
shift of 0.1–0.3 and, for our estimates, we will assume that
the event was located at z0 ¼ 0:3, or at a comoving dis-
tance �1 Gpc. The observed energy flux is

Sobs ¼ 30 Jy ¼ 3� 10�22 ergs

cm2 sHz
(4)

and the duration of the event has an upper bound �� &
��0 ¼ 5 ms.

The observed pulse width cannot be used to estimate the
intrinsic duration of the event because of scattering by the
turbulent intergalactic medium (IGM) [1,2]. The oberved
time width, �tobs, is a sum in quadratures of the intrinsic
time width modified by cosmological redshift and the

width due to scattering in the IGM: �tobs ¼ ½ð��obsÞ2 þ
ð�temitÞ2�1=2 with

�temit ¼ ð1þ zÞ!�1=3
emit l

2=3 ¼ !�1=3
0 ð1þ zÞ2=3l2=3: (5)

The scattering time width at frequency � from an event at

redshift z depends on the location of the scattering centers.
For the case of a scattering screen close to the source, the
width is [2,19]

��obsð�; zÞ ¼ ��0

�
1þ z

1þ z0

�
	þ1

�
�

�0

�
	
; (6)

where ��0 ¼ 5 ms, �0 ¼ 1:4 GHz, z0 ¼ 0:3, and 	 ¼
�4:8. For comparison with the observed spark in the
Parkes survey, we will use � ¼ �0, but if comparing to
other surveys it will be necessary to insert the appropriate
observational frequency.
The observed power law fall off / ��4 in the observa-

tional frequency band can be fit by an exponential, and
since the fluence is Sobs�tobs,

Fobs ¼ Sobs
2�

��0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ

�
�t0
��0

�
2

s
e�ð���0Þ=�c

� 10�23e�4�=�0
ergs

cm2 Hz
: (7)

To get an idea of the parameters needed of the super-
conducting string model, we first fit the observed spectrum
ignoring redshift factors (which are small since z0 < 0:3).
Using Eq. (1) we find

d lnF

d ln!
¼ �a!L�3 ¼ �4: (8)

The observation does not constrain the intrinsic duration
of the event. However, if the intrinsic duration was 1 ms,
we can equate the duration of the cusp event (Eqs. (2)) to

the observed duration to get !�1=3
0 L2=3 ¼ �t0 ¼ 1 ms,

where !0 ¼ 2��0 � 1010 s�1. This gives L ¼
!1=2

0 ð�tÞ3=2 � 3 s ¼ 1011 cm. If the intrinsic duration

were smaller than 1 ms, the length would be even smaller.
This illustrates that we are considering signatures of loops
that are very small on a cosmological scale.
The energy flux from the cusp event is found from

Eqs. (1) and (8). Equating to the observed value, Eq. (7),
gives

i0 � 105
�
1011 cm

L

��
d

1 Gpc

�
GeV; (9)

where we have used 1 ergs=ðcm2 HzÞ ¼ 1 GeV2. Note also
that the dynamics of the string will be dominated by the
tension if � � 106 GeV. Hence it is a valid approximation
to ignore the current when discussing the dynamics of the
string network.
To estimate the rate of observed-sparker-like events, we

use Eq. (3). Then the event rate, denoted _N, due to cusps on
loops of size between l and lþ dl, beamed within a solid
angle d� from us is

d _N � fc
l

Adl

ðlþ �t0Þ2t20
d�

4�
dV; (10)

where the factors account for fc cusps per loop oscillation,
the number density of loops, the beaming angle constraint,
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and the spatial volume. For grand unification scale strings,
�� 1014 GeV, we find �t0 � 109 s � l� 1 s, and we
can rewrite (10) as

d _N � C
dl

l
sin�d�D2dD; (11)

where D � H0Dc is the comoving distance to the loop in
Hubble units, and C � 2�AfcH0=�

2 � 107fc day�1, for
� ¼ 10�8. Now that we know the rate of events as a
function of l, � and Dc, we can also evaluate the flux
density in these terms

Sðl; �;DcÞ ¼ 2�i20l
2

D2
cð�tÞobs

e�!0ð1þzÞl�3 ; !0ð1þ zÞl�3 > 1

(12)

and we assume a ‘‘top hat’’ cut off at small angles,
Sðl; �; DcÞ ¼ 2�e�1i20l

2=D2
cð�tÞobs if !0ð1þ zÞl�3 � 1.

The event rate relevant to a survey is

_Nð>SÞ ¼ C
Z
V

dl

l
D2dD sin�d�: (13)

Here the integration volume V is constrained by the
requirement that the flux be greater than S and that the
observed duration of the event, ð�tÞobs, be in the range in
which the search was carried out. In our case, ð�tÞobs is in
the interval (1 ms, 1 s) to coincide with the search parame-
ters in Ref. [1], and we will assume a standard flat cosmol-
ogy. After integrating over � by hand, the remaining
integrals were evaluated numerically, giving

_Nð>30 JyÞ � 100fc day�1; (14)

whereas the single observed event gives a 99% double-
sided confidence level estimate between 2 to 3� 103

events per day [2]. (Based on the dynamics of smooth
loops, one expects fc � 1.) The absence of fainter events,
but still above the threshold of 0:3 Jy, is not significant
since the prediction is only around 10 events above 0:3 Jy,
and also the reach of the Parkes survey at threshold is less
by a factor �10 than at 30 Jy [2]. This shows that the
superconducting string model can give an event rate con-
sistent with the Lorimer et al. observations. Further, it is
possible to show that for fixed observational frequency and

duration range, _Nð>SÞ / S�1=2 for large S. This is quite

different from the S�3=2 fall off expected from uniformly
distributed, identical sources. The slow fall off implies that
there may be a population of very strong sparks e.g.�1 per
year above 1 M Jy.

A more thorough analysis, taking into account the con-
straints imposed by different surveys, may impose further
limits on the model. For example, the STARE survey [20]
places an upper bound of 7:5� 10�2 events per day [2] for
S > 80 k Jy at an observational frequency of 611 MHz and
durations ranging from 125 ms to a few minutes. With
these observational parameters and the superconducting
string model parameters used above, the model prediction
is �6� 10�2 events per day. This suggests that useful

constraints on the string model may be placed by presently
existing data (see Fig. 2). In particular, a value of � sig-
nificantly less than 10�8 is already ruled out.
While we expect a quasicusp to repeat every oscillation,

we do not expect the beaming direction to remain the same
in every repetition. The angular momentum carried off by
the beamed radiation is�EbeamL and the moment of inertia

of the string in the cusp region is �ð�
ÞL2, where 
�
ð!0LÞ�1=3L is the length of string in the cusp region
relevant to the observed radiation frequency. The angular
velocity due to radiation backreaction is _�� EbeamL=
�
L2. Since the time interval between two cusp events
is �L, we estimate the change in the beaming angle as

��� EbeamL

�
L2
L� �ei0

�
ð!0LÞ1=3 � 2� 10�4; (15)

which corresponds to a change in the observed flux
j� lnFj � ja!0L�

3
0j � 3��=�0 � 5 Hence the beamed

fluence may get reduced by a factor e�5 � 10�2. This
estimate suggests that sparks due to consecutive cusps on
strings would be beamed in only slightly different direc-
tions but, since the fluence is highly sensitive to the beam-
ing direction [Eq. (1)], the repeated event may or may not
be observed, depending on the precise cusp shape and other
parameters. In the 20 days that Lorimer et al. searched for
bursts, the particular loop would have on order 106 cusps,
and since the solid angle of the beam is order 10�6, we can
expect on order one event in those 20 days. Also, cusps that
occur much later, will occur with different parameters
since the length and shape of the loop are likely to change
due to backreaction.
To model the observations, we have taken strings whose

tension scale is �� 1014 GeV (so that �� 10�8) but with
currents of only�105 GeV. The small current compared to
the tension scale can have a natural origin in terms of
scattering of counter-propagating particles on the string
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FIG. 2 (color online). Event rates for PARKES and STARE
survey parameters. The vertical line at 30 Jy corresponds to the
inferred rate from the PARKES survey and at 80 000 Jy shows
the constraint from the STARE survey.
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[21,22] and/or the modified dispersion relation due to
background magnetic fields [23].

We have considered only the direct emission of 1.4 GHz
radiation from the cusp. This corresponds to a very high
harmonic emitted from the oscillating loop. The funda-
mental frequency is given by L�1 � 1 Hz, and 1 GHz
emission corresponds to the 109th harmonic. What hap-
pens to emission at lower frequencies? Since the cusp
event is not expected to be in a host galaxy, it is sur-
rounded only by the IGM with free electron number

density ne � 10�7 cm�3 and plasma frequency !p ¼
ð4�nee2=meÞ1=2 � 30 s�1 or �p � 5 Hz. The energy emit-

ted from the cusp at � & 5 Hz cannot propagate in the
IGM and must push it around, creating shocks, fireballs,
and possibly gamma ray bursts [5,6,24]. Assuming that all
the very low frequency emission gets converted into
gamma rays due to plasma effects, the power emitted is
�i20 ¼ 1010 GeV2. For gamma rays at 1 GeVand for loops

at a distance of 1 Gpc, this gives a photon flux of
10�22 cm�2 s�1 which is far below the threshold,
�10�8 cm�2 s�1 of the Third Interplanetary Network.

The electromagnetic emission from strings also distorts
the cosmic microwave background spectrum and this effect
has been used to constrain superconducting strings [24,25].
Our choice of parameters, G� 	 10�6, is within these
constraints. It is worth pointing out that the earlier work
on gamma ray bursts from cusp events primarily focussed
on superconducting strings placed in the galactic environ-
ment. More detailed investigation is needed to determine if
gamma ray bursts are expected to accompany radio sparks
occurring in the IGM.

The superconducting string model may be tested in a
variety of ways. Gravitational effects of strings withG��
10�10 will be weak and may not be within foreseeable
detection capabilities, except possibly for gravitational
wave bursts from cusps [26]. A promising possibility is
to look for signatures of particle emission, such as posi-
trons [27] or other decaying particles produced where the
current on the string quenches. These particles would give
a distinctive feature in the emission from the vicinity of the
spark. In addition to the observed-sparker-like events, there
should be rarer events where we are even closer to the
beam, such that !L�3 < 1. Then the spectrum will not
decay exponentially, and the characteristics of the event
should be quite different. Also, kinks on superconducting
strings will radiate in unusual ‘‘fanlike’’ patterns [28].
Most immediately, it is necessary to find more sparks and
check if they are associated with host galaxies since super-
massive strings of the kind we have considered are ex-
pected to roam outside of galaxies.
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