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Motivation

» Cosmic strings are predicted by Grand Unified Theories and
String Theories;

» Observation of cosmic strings can serve as a useful hint to
understand fundamental theories of physics;

» Cosmic strings can be superconducting in a wide class of
particle physics models and thus can produce
electromagnetic effects;

» Radiation from superconducting strings can be source of
astronomical observation.
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Abelian Higgs Model

Consider a Lagrangian:

1 1 i
L= D_:(ﬁ* D¢ — EA[@*cﬁ —n?)? - EF#MF“”, < ¢ >~ ne'’

« The fundamental homotopy group of the vacuum manifold is nontrivial:
m(U(1)) =Z

« The model admits vortex solution

» Cosmic strings can form via Kibble mechanism
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Observational Effects of Cosmic Strings

« Gravitational lensing: Gu < 107" (Christiansen et al. 2011)
« Scale invariant CMB fluctuations: Gu < 1.5 x 107" (Dvorkin et al. 2011)
« Pulsar timing measurements: Gn <4 x 107 (van Haasteren et al. 2011)

» Keiser-Stebbins effect might be seen by Planck (Keiser & Stebbins 1984)
« B-mode might be detectable by Planck (Pogosian & Wyman 2008)
« Gravitational Radiations (Vachaspati & Vilenkin 1985)
« Cosmic Rays:
Neutrinos (MacGibbon et al. 1990)
Positrons (Brandenberger et al. 2009)
« 21 cm signatures: (Brandenberger et al. 2010)
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Superconducting Strings

The effective action of a superconducting string

1 1 .
5= f df’dw’—w{—ﬁgn-%u@h—A“Xf;-f“} “16m / d'zy/=gFu F*
) m
Witten 1985

Vilenkin & Shellard 1994

String tension:

Metric of world-sheet: 7"’
World-sheet field: ¢
World-sheet current: @
Electromagnetic field: A,

One particular solution: ¢ =0, ¢ = p — superconductivity!
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Equations of motion

Varying the action w.r.t field variables:

| e y
’:r'abaﬂ (}hg‘} = — Eﬁabﬂiy}(:ﬂéj‘(:b
”,Trf.haaﬁbXp — —F;;’(;_J”' N (E)u.hX:r:I }? b
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where Q. = ¢ 0 — %j},,b ¢ " is the world-sheet stress energy tensor.

A superconducting string carries a current 1 , its current density which is
given by
JH(t, T) = I/dcr X*E 58T - X(t,0))

For one Fourier mode of the current density, there is

—

L
=, 27 i ) L7y ik XL /2yl
Jh(k) = = (110 +101") Ii(k}_‘ﬁ doseit X2 x'

where X! are left-hand and right-hand string functions, respectively.
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Saddle Point Analysis

A cosmic string allows saddle points or discontinuities existing in the
derivative of X! along the spatial coordinate of world-sheet.

Let & — wii Where 7 is a unit vector. When there is a saddle point,
it corresponds to 7 = X/
Then expanding about this point yields

L L2

 (saddle) - i )
14 52978 o —a X! +i :
= (wL)1/3 - (wL)2/3

7 LT
IIJX_l_ T ...

with G~1and p~04.

Note, the above imaginary component leads to the integrals to die off
exponentially outside an angle
0, ~ (wL)~/3

2/3
Thus we obtain a beam-shape burst of radiation with a duration &, ~ L

1/3
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EM bursts from a superconducting string

*When both I, and I_ have a saddle point, then this corresponds to a cusp
since in this case the saddle point is null-like | x| =1 .

Using a little bit basic knowledge of electrodynamics, one can obtain the
power emitted in photons per unit frequency, per unit solid angle from a

CcCus . .
P d? P, w? L . )

L = AP ~ I°L
deodf) 2mdn ¥

*Assuming a saddle point in one of the integrals and a discontinuity in the
other, this case corresponds to a kink. Correspondingly,given the kink
sharpness [l;; the spectrum of radiation is given by

Py T?Ly,

dwd  (wL)2/3
*Finally, a discontinuity in both two integrals corresponds to a kink-kink
collision, of which the radiation spectrum is

d*PEe T2Lap 4

dwdQ © T (wL)?
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Features of EM bursts from different sources

* Cusps:

0 Radiation from a cusp is emitted in a
narrow solid angle

O ~ 02 ~ (wL) ™3

* Kinks:
/\ Radiation from a kink is emitted in a "fan-

shape" solid angle
/\ OF ~ 27l ~ 2?1’(.:4.:}_3)_%

* Kink-kink collisions:

Radiation from a cusp is emitted in all
directions.
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Event rate of radio bursts from
superconducting strings

*\We have already analyzed radio bursts from a single string. \What about
radio bursts from a network of strings?

*The network of cosmic strings in our universe scales with the horizon.

*The distribution of string loops takes the form of

Cr
dn(L.t) ~ L. Cp=1+ .
UL, 1) 2(L+0Gut) ¢ \/L +TGut

Rocha 2007
Polchinski & Rocha 2007

t{:n:l

*We shall study the radio transient events in the matter-dominated era,
thus the redshift scales as

| tq 2/3

1+ 2= (f_)

Yi-Fu Cai ASU May 22, 2012 Beljing



Event rate of radio bursts from
superconducting strings

*Combining the above factors and assuming a loop containing N kinks in
average, we can write down the event rate of radio bursts emitted in a

spatial volume ‘
(ﬂv” }'HL

L(1+ z)

dN(L, z) ~ NP dn(L,z)dV(z)

where

p=0, m=2 for cusp
p=1, m=1 for kink
p=2, m=»0 for kink kink.

*Therefore, the event rate of radio bursts is determined by two variables:
loop lengthL and redshift z .

*How can we relate this event rate to radio observations?
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Observable variables

For observers, the relevant quantities are not loop length and redshift, but
the observed energy flux S and the burst duration A .

® The observed energy flux depends on the power spectrum of radiation as
was discussed before. Explicitly,

L*T?
I..q P ‘ .':z'u” HU.L .I. + Z —4q
r(z)2A v ( )
p=0, qg=0 for cusp

p=1, g=2/3 forkink
p=2, q=2 for kink kink
®Regarding the burst duration,
2 R 27.. —2
AL 4io(2) = AtZ(z) + v

radio

. L — 1 Lee & Jokipii 1976
Intrinsic beam duration: ” Kulkarni. et al. 2007

- time delay due to scattering with the turbulent intergalactic medium

. ]_"" > 1—-3 , —3
Aty(2) ~ ot ( ) (_)
1+ 2z 1/
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Event rate in observable variables

Now we are able to translate the variables from (L, z) to (S, A ) through a
Jacobian transformation.

 Eventrate for Kinks and Cusps + Kink-kink collisions

- NP o o ANt S, z

AN(8,4) = A [L(z. )" fu(w.5)dSdA,  dN(S) =~ TG0 1) @ P

where ‘ At % [l -+ 3)5;“4 [m — 1]2 % :
SRR

and

fm(x,S) = yzr_ 7CL(2) L4z=d (@ -1~/

. (14 2)" Y2 [T+ 2 — 12 where d = 82 v /1y and
(14 2)*2L(x, S) + TGuto]* r=Auv,.
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Numerical Computation

The event rate of radio burst from superconducting strings involves the
following five parameters:

(Z,Gu, v, A, S)
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Numerical Computation

The event rate of radio burst from superconducting strings involves the
following five parameters:

(L, Gujv,, A, S)

e

String parameters:
namely,
Z=10° GeV, Gu=10"""
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Numerical Computation

The event rate of radio burst from superconducting strings involves the

following five parameters:

(T, Gn,

Vo, AL Y)

String parameters:
namely,
Z=10° GeV, Gu=10"""

Yi-Fu Cai ASU

Experimental parameters:
namely Parkes survey can probe

v, € (1.230,1.518) GHz .
A e (107%1) s,
S e (1072,10°) Jy ,

Lorimer, et al. 2007

May 22, 2012 Beljing



Numerical Computation

With the above parameters, we consider a fixed observed frequency
v, = 1.23GHz, and then numerically integrate out the observed duration A.

Yi-Fu Cai

Sdwn/dS (yr')

., | — Event rate from string cusps
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Numerical Computation

With the above parameters, we consider a fixed observed frequency
v, = 1.23GHz, and then numerically integrate out the observed duration A.

(cusps)
1.3x 10° NS,/ yr~t | (kinks)

C20x 17PN S T (k)
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Numerical Computation

Event rate of radio bursts from cusps and kinks on superconducting string
loops at fixed observed frequency, v, = 1.23GHz , as functions of the
current.

10° |

N (yr)

Event rate from string cusps
Event rate from string kinks
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Numerical Computation

Event rate of radio bursts from cusps and kinks on superconducting string
loops at fixed observed frequency, v, = 1.23GHz , as functions of the

current.

Yi-Fu Cai

At large current limit

A ~ 4.8 x 10? I?g yr b, (cusps)
1.1 x 10° NZ2#yr=' | (kinks)

where T = Z/(10° GeV).
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Numerical Computation

Event rate of radio bursts from superconducting string loops with fixed
observed frequency, v, = 1.23GHz , as functions of Gpu .
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Summary

» Superconducting strings can emit radio bursts through
cusps, kinks and kink-kink collisions;

» The energy of radiation emitted from a superconducting
string is mainly caused by cusps;

» The radio signals from cusps, kinks, and kink-kink collisions
are of different shapes, among which the solid angle of
radiation from cusps is smallest;

» In the observable parameter space, the main contribution of
event rate of radio bursts is from string kinks.
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Summary

» If we consider radio bursts emitted by kinks with observable
frequency 7.23 GHz and flux greater than 300 m/y, the event
rate is about @.75 per hour, which is a factor of 30 larger than
the upper bound given by the Parkes survey (0.025 per
hour).

» This result implies that current radio burst experiments
might already rule out some parameter space of the string
current Z and the string tension Gy .
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Thank You !



