
Cosmic strings from the string theory

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1993 J. Phys. A: Math. Gen. 26 L575

(http://iopscience.iop.org/0305-4470/26/13/004)

Download details:

IP Address: 171.66.16.62

The article was downloaded on 01/06/2010 at 18:50

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0305-4470/26/13
http://iopscience.iop.org/0305-4470
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


J. Phys. A: Math. Gen. 26 (1993) L575-L577. Printed in the UK 

LElTER TO THE EDITOR 

Cosmic strings from the string theory 
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Institute of Physics, University Of M Curie-Suodowska, 20-105 Lublin, pl M Curie 
Skladowskeij 1, Poland 

Received 2 March 1993 

Abstract. Thg possibility of obtaining the cylindrically symmetric solution in the case of 
low energy string theory is investigated. 

The low energy limit of string theory gives a set of equations similar to Einstein’s 
equations for metric tensor and other fundamental fields. Recently it has been shown 
that this theory admits solutions with the structure of an extended object surrounded 
by an event horizon, the so-called ‘black-string’ [l]. The ‘black-string’ soiution was 
also used to find new solutions representing waves travelling on the ‘black-string’ 
background [Z]. 

The four-dimensional low-energy action obtained from string theory has the form 
h 4 1 :  

where K’ = SwG, F,. is the Maxwell field associated with a U(1) subgroup of Es x Es 
or spin(32)/Zz. We set the remaining gauge fields to zero. 4 is the dilation field. This 
case corresponds to the bosonic sector of the field-theory limit of the superstring model. 
Extremizing action with respect to the U(1) potential A,, 4 and g,, one gets the 
following field equations: 

v,(e-’+ F,”) = 0 (2) 

G,. = -SwT,, 

where the energy-momentum tensol 

2 p”=- Jq 8sl8g,” 

is given by: 

T,. =e-’+ F,,F:+g,, e-24 F2-2V,~V,~+g,,(V+)2. ( 5 )  

The main subject of t h s  letter is the investigation of the possibility of obtaining 
the. cylindrically symmetric solution of the Einstein-Maxwell field coupled to the 
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dilation field and finding the main features of it.The most general static cylindrically 
symmetric has the following form: 

d ~ 2 = e 2 ( ~ - ~ ) ( d ~ z - d r z ) - e 2 ~  dz'-n2e-2"d42 (6) 
where a, y, + are only r-dependent. The Einstein field equations for this case are [SI: 

a"=-87rG(T:+T:) (7a) 

(a$')'= -47rG(T;+T:+T$-T:) (76) 

(ay')'=-8mG(T:+ZT$) (7c) 

- y"a = a$"+87rGT$. ( 7 4  
A prime denotes a derivative with respect to r. In our case we assume that 4 and A 
are only r-dependent and A has the z-directed component. If we assume that outside 
a radius ro components of Tp. are negligible then one obtains vacuum solutions of the 
form 

a( r )  = k( r - r,,) + a (Io) (80) 

r ( r ) = a  l n a ( r ) / ~ ( r J + Y ( r d  (86) 

+(r)=-b 4 r ) / 4 r d + + ( r o ) .  ( 8 ~ )  
It is also convenient to define the quantities [6,7]: 

Tl(r) = I (T:+ T $ ) G  dr 

T 2 ( r ) = / b ( T : - T i ) e ~ d r  

0 

T3(r) = (d (TL- T : ) G d r .  

Denoting the r+co Iimit of 27rrx(r) by T~ we may express these parameters as: 

a(ro) = j: (1 -87rGT3(r)) d r  

k=l-47rGT3(r) 

Tdr) 
Q = -4G- 

k 
where we used the boundary conditions a'(0) = 1, y'= @'=O, a(0) = y(0)  = +(O) =O. 

In general, relativity studies of line sources are motivated by their interesting 
features. Cosmic strings act as gravitational lenses. They double images of quasars and 
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may be seeds for accumulating matter in galaxy formations. It is interesting to analyse 
the solution, treated as the exterior spacetime of an analogue of the cosmic string, and 
it will not be amiss to ask about the familiar features in the above case. It could be 
easily shown that the ‘local deficit angle’ is of the form 

If we use the energy conservation law and set b equal to zero, one can see, in calculations 
to the fiat order, that 8(r) has no dependence on the impact parameter. Its value is 
87rGp. This is the same result as for gauge strings in general relativity [8]. 

Another important question concerning this problem is the enquiry about the 
stability of the solution. In order to have a closer look at it, we recall the brilliant 
conception of K Thome, the C-energy. Integration equations (7) with respect to the 
first order in the dimensionless quantity Gx(mass per unit length) and substituting 
the solutions of the equations for the C-energy per unit of standard length inside the 
cylinder and on the standard hypersurface t - constant, we get 

E(r , )  = (:2v@dr= 16” e - ’ Y [ Z e - Z d ( A ~ ) 2 - e 2 ~ ( ~ r ) Z ] 2 ~ ~ d ~  (11) 

When fields appearing in the above equation fulfill the condition that the C-energy is 
non-negative, one does not hesitate to identify it with the classical energy [5]. Because 
the field coniigurkion under consideration satisfies the classical variational equations 
of motion, it is located at a local minimum energy condition. So we draw the conclusion 
that the static string configuration is situated at a local C-energy minimum and is stable 
to small perturbations. 
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