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NS rotational evolution: the magnetic angle
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Magnetic angle in NS’s everyday life

death line
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Magnet|c angles of millisecond pulsars
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Magnetic angles of rotational powered pulsars
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NSs precession: pulsars
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Star deformation: € ~ 1072..1078




NSs precession: magnetars(?)
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NSs precession: Her X-1
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Motivation

Pulsar torque

NS deformation

Magnetic field evolution

Magnetic angles statistics

Accretion-related
torques

Superfluid interior



A neutron star torques

* |solated neutron star:
N = Npsr - Standard pulsar spin-down 7
) -2 Ru -1 Rie = 0 I Rue . 2;
* Accreting neutron star: Spitkovsky, astro-ph/0603147
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Disk-magnetosphere interaction (spin-down)




Magnetic angle evolution.

Torque components % < 01 N, < 0 and vice-verss

A

Spin-down/spin-u
0 p /spin-up

N = Ngs3 + NXSQ + N#.Sl

|

“Radiative precession.”
Spin axis tends to precess around the magnetic axis
with the frequency:
Wrag = Eyflcosy - m

Ny

l.e. an “effective deformation”: g, =

L= 102 i
Sl I1Q= sin y cos




Pulsar “anomalous” torque*’ |, .
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Precession

If deformation is small: € = /812 + 2 K 1,

then Euler’s equations in the rotating frame:

: N
.Q=((:)X.Q)+7

w = (£,04,0,6503)7
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Precession

If deformation is small: € = /812 + 2 K 1,

then Euler’s equations in the rotating frame:
Q=(wXxXN)

w = (04,0, 53Q3)T

The spin axis follows the lines of

Q- w
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with precessional period 2w /w
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Free precession paths




Mixed precession: free + radiative

0

N = NQS3 Nusl 20

- ”__---—---_~~ - -
40 AT il ----~‘s~~‘ ol S
I L ettt L T 8 - e ~~
e e -~
~

60

80

6, deg

100

120

')“‘- Law
RO

140

—————
arm- o 2

160

180 , . - : . .
0 50 100 150 200 250 300 350

@, deg

(Assuming &; = —&3)




ve

lat

free + rad
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Long-term evolution of an isolated NS

Py = 20 ms

o =5-103° G- cm3
Xo = 40°

g3 =—& =2-10712

Magnetic axis (¢, 05) = (250°,50°)
Constant magnetic field

N = Ny
45.0
i N, 47.5

= Sin

dt 102 M e
52.5
. 55.0
X1 is the angle between 57.5
Q and Q,, 60.0
62.5

65935 240 245 250 255 260 265

, deg

0

20 -

40 1

80 -

100+

U

I
log(time/yr)

w

350

AB, Abolmasov & Levinson, in prep.

18




period, s
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Spherical star
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Npr = o2 = 3..3.25 for a spherical pulsar.




INS magnetic field decay
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Magnetic field decay

Free precession

Radiative precession

Spherical star
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Braking indices of isolated pulsars
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Observed braking index n
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Could braking indices be
the probes of NSs
deformation and
magnetic field evolution?

AB, Beskin & Karpov, 1105.5019




Accreting neutron star
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Accreting neutron star

* Magnetic angle evolution of a spherical accreting star:

z 2
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Dipole field burial
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* Even a weak star deformation € ~ 10~ 14.. 10710 will affect
long-term evolution of its magnetic angle;

* Spin of a deformed star tends to align with an axis tilted with
respect to the magnetic one;

CO”CIUSlOnS an d * Magnetic field decay could lead to magnetic
i SSyes orthogonalization of a deformed star.

* Pulsar braking indices can be understood assuming the
evolution of a deformed star.

However:
 How does the ‘anomalous torque’ works for an accreting NSs?

* Does torque enhancement works for magnetic angle evolution
in the same way as for spin-down?

Thank you! ©

* How does superfluid interior affect long-term rotation of a
deformed star?
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