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_Motivation |

B GV driven f-mode instability of relativistic stars

B [ime evolution of the Instability

B GW signal of the f-mode and Its detection prospectives
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® Rotating NS are prone to CFS
gravitational-wave instability

® Radiation drives a mode unstable if

wr (W —m) <0 — Tgw <0
and 0p ~ ot/ Taw

® Viscous mechanisms limit the
gravitational-wave instability

§p ~ Wit/ where = =——+=—+—+... and
10 T Tow b Ts
Instability condition: L <0 where T
T
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F.quations




B  We calculate the mode-frequency and eigenfunctions from time
simulations.

B  With the energy volume integrals we determine the damping/growth
times.

We study the instability evolution with a set of evolution equations
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‘Mode Frequency

® Evolution of the relativistic perturbation equations in Cowling approximation

6 (V,TH) =0 where G = U

® Standard model
N =1
M = 1.4Mq
O = 4.229 kHz

v [ kHz |

B Supramassive model

N =2/3 :

M =1.6M, -

QK = 11.206 kHz _4_ | | | | | | | | 2
0.8 0.85 o /OSK 0.95 1
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Mode Frequency |

® Evolution of the relativistic perturbation equations in Cowling approximation

6 (V,TH) =0 where 5gFW =0
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Instability
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® Basic equations

g = 2 E = aF(Q)
dt T

o Gk N dJmag
dt  dt dt
dl’ 2F

C’U_:_LI/ HS HS:
dt i Ts

Amplitude Normalization

5= aErot oa=1—F ~ 10_2M@62 Note: (SIO ~ Oél/z

Mode growth ® Non-linear saturation

d_a__2_a_2a1+on+2P ) d_Oé:O

e e Y, D Tpag dt

@O 1 df) 2F ( Q 1 >
= = e _|_

dt D (TU Tmag) 7 dt 1+ aQ Tgw Tmag
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Results




| I=m=4 fmode |

N = | polytrope Instability trajectory
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- Amplitude:  ag = 107%  and Qogy = 1074 = FE ~ 1()_6M@c2

-At ) = Qg the growth time is  Tgw ~ 10*s
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I=m=4 f-mode

N = 2/3 polytrope
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® Characteristic strain he = hy V2 - Lobe s
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' Magnetic Torque | N = | polytrope
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® Magnetic field accelerates ]
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 Magnetic”

® Magnetic field accelerates
the transition through the
instability window

® Dipole formula

dJmag
dt

2 p6NM3
~ B2R%Q)

B Mag. lorque becomes
dominant for

B, > 10'°G
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' Magnetic N = 2/3 polytrope
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B Characteristic strain

tobs < 1yI'

® Forthe more massive
model with B, = 10"*G
the GW signal may be still
detectable by ET.

® Source is 20 Mpc (Virgo
Cluster)
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N = 2/3 model

® Non-linear saturation of the
f-mode

— E~ 107 °Myc?

® Non-linear mode coupling
saturates ~mode

G " 10°°

- F-mode versus R-mode |
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' F-mode versus R-mode |
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N = 2/3 model

® Non-linear saturation of the
f-mode

— E~ 107 °Myc?

® Non-linear mode coupling
saturates ~mode
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N = 2/3 model
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® Non-linear saturation of the
f-mode 10
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Conclusions

The GW signal of very compact objects may be detectable from
Virgo Cluster by ET.

® The magnetic torque affects the spin down when B, > 10'*G

® The rmode may limit the f-mode instability, but we need to know
the relative saturation amplitude more accurately.

More ingredients in future work.

® The l=m=2 f-mode may become important if we abandon the

Cowling approximation.
® Study realistic EoS and consider dUrca reactions.

® Include the Crust and the effects of Ekman layers.
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