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Equilibrium and Stability of
Magnetized Star
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Precession of Magnetar 4U0142+61

Makishima + 2014

Magnetic deformation c~10""
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Dipole B from p-pdot B¢ (pp)"”

Toroidal B from defromation
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Stability of Magnetized Star

Long history (Taylor(1973), Wright,+++)

Pure toroidal -> unstable / Pure poloidal -> unstable
Braithwaite & Spruit 2004 MHD simulation

Stable configuration inarangeof B T/B P
Lander & Jones 2012 No stable model (perturbation)

Akgun + 2013
Importance of Non-barotropic effect
found by energy principle technique(Bernstein + 1958)
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In typical Magnetars
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Braking index in PRS

Evolution of spin down

Q=-KQ",(PQ=2r)
QOQ/O* =n-K/(K2Q"™)

K depends on B_dip, Inertia moment,
Magnetosphere,...
n=3 for dipole radiation,
but, not in general.
Observation of n <3 suggests increasing B, or ...

n=3 K /(KZQZ) -2 Exponential growth
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log(Period derivative)
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Order estimate

—ODEALT HFRFRAT—IL
e Ohmicdecay 7p =4nRic/c?=10°(c/10%°)yrs

* Hall drift time 7, =47enRZ/cB, =10"(B,/10"°) " yrs

ERREHAZI2LAA R or  AR=0.1R,
+aDNR (B=REEILERI{R single star)
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Evolution of braking index by Hall effect

* Virgono + 2012....
* Gourgouliatos & Cumming 2014
? |nitial configuration
B, Toroidal dominated (10714-10715G)
=> jncrase of dipole B

¥ HallIg (3550 V5 (GBS DPSR) TIEZNE /)
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Figure 7. P-P diagram for the eight pulsars for which the braking index
is measured. taking into account the magnetic field evolution. The points
correspond to the observed P and P. The direction of the arrow is related to
the braking index (Espinoza et al. 2011) tanw = 2 — n, where w is the angle
with horizontal axis. Examples of evolutionary tracks are plotted, which
evolve to the right values of magnetic field and braking index at the pulsar’s
current age, assuming an initial magnetic field in the ranges shown in Figure
6. Py is solved for, given the evolution of the magnetic field and the pulsars
position in the P-P diagram. The tracks of B1509-58 and J1119-6127 are
shown as dashed lines, as their estimated ages are much longer than the ones
that can be accommodated by a steady spin-down over the pulsar’s lifetime.
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Critique ? Prejudice?
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+differential rotation + Hall drift
Kinematical dynamo
0,G = 1 D(G) + 1 (VG xVS)-&,

Tp 4 R

1 R = 1 . — _
0,S =—D(S)+—Vx (= (D(G)VG +S5VS))-€,
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-2 - LB : Axi-sym. Kinetic Dynamo

Mean fields+ Turbulences

—_—

B=B,+b,V=(V, +RQE,)+U

Averaging + turbulence model (b,u from B,V)
{6, +V,-V}G = 77D(G)+a8
{0, +V, V}S+SR2V (V,R?) = nD(S)+V77 VS
+R(VQXVG) — a_D(G) Vo -VG

Poloidal(G) -> Toroidal(S) -> Poloidal(G)
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Ha” Attractgr Gourgouliatos+ PRL (2014)
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FIG. 2 (color online). Scatter plot of €2 and Y, each point
comesponding to a grid point of the simulation. Top panel: The
scatter plot for the case shown in Fig. 1, top panel. Imtally, there is
differential rotation of the electron fluid along the field lines (black
points), with multiple values of L2 for given W, which after some
Hall evolution tend to concentrate in a narrower region (blue and
green points), and eventually the system saturates to isorotation
{red points). Bottom panel: The scatter plot for a system starting
with £2 = g (black points). The initial stmucture is very close to
the attractor state; thus., the system changes its structure only
slightly, as shown with €2 and ¥ deviating from linearity (blue and
green points, extending to smaller U's). However, the system
maintains isorotation, even after a significant part of the field has
been dissipated (red points) (see Ref. [20]).
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Magnetar Oscillation

Observed in Giant Flares (QPOs)
e SGR1806-20(2004)
30Hz(2,0) 92Hz(6,0) 150Hz(10,0),...
are observed in hard X-rays (<200kev)
* SGR1900+14 (1998)
28Hz(2,0) 53Hz(3,0) 84Hz(6,0),...
e SGRO0526-66 (1979)

-> Seismology /Gravitational astrophysics

v'Upper limit of GW for SGR1806 (LIGO PR07)

24



SGR1806-20 Israel+ 2005
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SGR1806-20 Israel+ 2005
R
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Peaks at 20, 30, 95Hz during 200-300s
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QPOs in Magnetar Giant Flare
(OSGR1806-20(Galactic 6-15kpc) Event in 2004
P=7.5s, B=2.1x10"15G
E(EM)~10746 ergs
[>>Brigtening AXP E~10741 erg |
Eg ~10>3, E. ~10*, = ~10%, = ~10%,...
v’ Magnetic Energy Source ~ 10715 G
v' QPO observed in hard X-rays (<200kev)
30Hz(2,0) 92Hz(6,0) 150Hz(10,0),...
Torsional Shear Oscillation in Crust (l,n)

HEEZE > EOS B2 <DERTFE

27
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Magnetic coupling

General consideration

Poloidal magnetic field only
Axial shear oscillation is decoupled oscillate

No density perturbation N
+Toroidal magnetic field B, =0 @

-> Coupling to polar density pert.
->Globally enhanced density pert.
p(/f)-mode osc. is excited.
-> Damping through GW emission
Damping is determined by the coupling strength 29
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‘Rotational’ perturbation only in curst is given
Kinematicaly divergence-free cond.

) & =Vx(f6,), Jp=-V-(p&)=0

or(l)  p&,=Vx(fe,), =0
Testing the propagation w/w.o. magnetic field

»\ Magneto-sound ?
Alfven waves |

Rl

Shear, magneto-sound Shear and Alfven waves
and Alfven waves 30

Magneto-sound and
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