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Introduction

 Israel et al. (2005) found QPOs of 18 Hz, 30 Hz and 
92 Hz in the decaying tail of the giant flare recorded 
on December 27th 2004 from SGR 1806-20.
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 Watts & Strohmayer (2006) and Strohmayer & Watts 
(2006) confirmed this discovery and they also found 
other QPOs: 26 Hz, 150 Hz, 625 Hz and 1840 Hz 
from the same SGR giant flare.
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 Prompted by this discovery from SGR 1806-20, 
Strohmayer & Watts (2005) reanalyzed the data from 
the August 27th 1998 giant flare of SGR 1900+14 
and also found QPOs at 28 Hz, 53 Hz, 84 Hz and 155 
Hz.

 In the magnetar model the QPOs are interpreted as 
the torsional shear oscillations of the neutron star 
crust (Piro 2005; Glampedakis et al. 2006; Lee 2007; 
Samuelsson & Andersson2007; Vavoulidis et al. 
2007; Sotani et al. 2007; Bastrukov et al. 2007; 
Timokhin et al. 2008).



 However, the torsional shear vibration model of the neutron 
star crust can not produce the two lowest frequency modes in 
the SGR 1806-20, i.e. the modes of 18 Hz and 26 Hz.

Watts & 
Strohmayer
(2007)



 In addition, the real state of the matter at 
supra-nuclear densities is still a matter of 
debate because of non-perturbative effect of 
QCD.
 It is worth noting that nuclear and quark 

matter states are only two speculations for the 
inner structure of pulsar-like stars.
 An interesting suggestion is that cold quark 

matter could be in a solid state, and the 
astrophysical necessities and consequences of 
the existence of the solid quark stars have 
been discussed by Xu (2003).



 Furthermore, from the theoretical side the 
solid quark matter being in crystalline color 
superconducting state has been proposed by 
Rajagopal & Sharma (2006) and the 
corresponding shear modulus of the crystalline 
color superconducting quark matter has been 
calculated theoretically by Mannarelli et al. 
(2007).
 Therefore, it is necessary to further study the 

consequences of the solid quark star in SGR 
QPOs.



Equations of Nonradial Pulsations

 The equations of nonradial oscillations include 
the continuity equation, the momentum 
equation and the Poisson's equation:



 The perturbation of the shear stress under the 
adiabatic condition is

 is the strain tensor and is related with the 
displacement vector     through
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 There are two independent families of modes 
governed by the pulsation equations, i.e. the 
spheroidal and the toroidal. For the pheroidal
mode, the space component of the 
displacement can be parameterized as



 Introducing new variables

We can obtain



 The toroidal modes are characterized by the 
vanishing of the divergence of the 
displacement as well as the radial component 
of the displacement, i.e.             and           . 
And the displacement of the toroidal modes 
reads
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 We introduce two variables as

The oscillation equations can be written as 



Numerical Results

 The eigenfrequencies of the shear oscillations is 
close related with the speed of the shear waves, 
defined as

 For the toroidal modes, in a simple solid stellar 
model with homogeneous density and shear modulus, 
the eigenfrequencies for the fundamental toroidal
modes can be obtained as (Bastrukov et al. 2007) 



 We construct a solid strange quark star with 
mass                 and radius               , and adopt 
a homogeneous shear modulus with

10 kmR 1.4M M


30 -31.2 10 erg cm  













Summary and Discussion

 In this work, we have studied the possibility whether 
the global spheroidal and toroidal vibrations of a 
solid quark star can produce the QPOs in the 
decaying X-ray light curves of giant  flares from 
SGR 1806-20 and SGR 1900+14.

 We find that when the shear modulus of the solid 
quark matter is comparable with that of the 
conventional solid neutron star crust, the two lowest 
frequencies 18 and 26 Hz from SGR 1806-20 can be 
assigned as the nodeless modes of the toroidal
oscillations with l being 2 and 3, respectively, i.e.   
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 The QPO frequency of 30 Hz from SGR 
1806-20 or 28 Hz from SGR 1900+14 can be 
assigned as the nodeless quadrupole
spheroidal mode       .

 However, the much higher QPO frequencies, 
such as 625 and 1840 Hz from SGR 1806-20 
can not be interpreted in our solid quark star 
model. The origin of the high frequency QPOs
in the solid quark star model deserves further 
investigations.
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Thank you!


