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Radiopulsars, magnetars
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Neutron stars are the result of collapse.
Conservation of the magnetic flux

B(ns)=B(s) (R  /R   )s ns
2

B(s)=10 – 100 Gs,    R ~ (3 – 10) R(Sun),  R   =10 kms ns

B(ns) = 4 10 – 5 10   Gs       Ginzburg (1964)i11 13
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Radiopulsars

E = AB        - magnetic dipole radiation (pulsar wind)

E = 0.5 I

I – moment of inertia of the neutron star
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Single radiopulsars – timing observations
(the most rapid ones are connected with young supernovae remnants)
B(ns)  =   2  10 – 5 10    Gs11 13i
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Neutron star formation
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B(chaotic) ~ 10^14 Gs
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High residual chaotic 
magnetic field after MRE 
core collapse SN explosion.

Heat production during
Ohmic damping of the chaotic
magnetic field may influence 
NS cooling light curve 



Inner region: development of magnetorotational instability (MRI)

GAISH, May 18, 2007
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Toy model of the MRI development: expomemtial growth of 
the magnetic fields

GAISH, May 18, 2007
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MRI leads to formation of multiple poloidal differentially rotating vortexes.
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A radio pulsar with an 8.5-second period that challenges emission models 
Young, M. D.; Manchester, R. N.; Johnston, S.

Nature, Volume 400, Issue 6747, pp. 848-849 (1999).

Radio pulsars are rotating neutron stars that emit beams of radiowaves from regions 
above their magnetic poles. Popular theories of the emission mechanism require 
continuous electron-positron pair production, with the potential responsible for 
accelerating the particles being inversely related to the spin period. Pair production will 
stop when the potential drops below a threshold, so the models predict that radio 
emission will cease when the period exceeds a value that depends on the magnetic field 
strength and configuration. Here we show that the pulsar J2144-3933, previously 
thought to have a period of 2.84s, actually has a period of 8.51s, which is by far the 
longest of any known radio pulsar. Moreover, under the usual model assumptions,
based on the neutron-star equations of state, this slowly rotating pulsar should not be 
emitting a radio beam. Therefore either the model assumptions are wrong, or current 
theories of radio emission must be revised. 



Pulsar Astronomy - 2000 and Beyond, ASP Conference Series, Vol. 202; Proc. of the
177th Colloquium of the IAU held in Bonn, Germany, 30 August - 3 September 1999 

Young, M. D.; Manchester, R. N.; Johnston, S.

Ha, ha, ha, ha, staying alive, staying alive: A radio pulsar with an
8.5-s period challenges emission models. 



Soft Gamma Repeaters (SGR)

Mazets et al., AZhLett, 5, 1979, 641-643

Soft gamma-ray bursts from the source B1900+14 

AZhLett, 5, 1979, 636-640 

Recurrent gamma-ray bursts from the flaring source FXP 0520 - 66 

Giant bursts in SGR similar to short GRB
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Mazets et al., 1981
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Mazets et al., 1981

St. Peterburg, June 2005St. Peterburg, June 2005
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Mazets et al., 1981
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The time history of the giant burst from the soft gamma
repeater SGR 1627-41. on June 18, 6153 s UT corrected for dead
time. Photon energy E > 15 keV. The rise time is about 100 ms
(Mazets, 1999a).
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The giant 1998 August 27 outburst of the soft gamma repeater SGR
1900 + 14. Intensity of the E > 15 keV radiation (Mazets, 1999c).
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2004 December 27
giant outburst.

Reconstructed time 
history of the initial 
pulse. The upper part 
of the graph is 
derived from Helicon 
data while the 
lowerpart represents 
the Konus-Wind data.
The dashed lines 
indicate intervals 
where the outburst 
intensity still 
saturates the Konus-
Wind detector, but is 
not high enough to be 
seen by the Helicon.

Mazets et al., 2005
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Time history of the 2004
December 27 giant outburst
recorded by the Konus-Wind 
detector in three energy windows
G1 (16.5--65~keV), G2 (65--
280~keV), and G3 (280--
1060~keV), and the hardness 
ratio G2/G1. The moderate initial 
count rate growth to 10^2--
10^3~counts~s^{-1} transforms 
rapidly to an avalanche-type rise 
to levels >5 \times
10^7~counts~s^{-1}, which 
drives the detector to deep 
saturation for a time \Delta T
\simeq 0.5~s. After the initial 
pulse intensity has dropped to
\sim 10^6~counts~s^{-1}, the 
detector resumes operation to
record the burst tail.

Mazets et al., 2005

GAISH, May 18, 2007



A spectrum of the burst tail 
averaged over the pulsation
period. The low-energy 
component is similar to spectra of 
SGR's recurrent bursts with $E_0 
\simeq 30$~keV. At high 
energies it exhibits a hard power-
law component with $\alpha = -
1.8 \pm 0.2$. This two-
component model is shown by the 
solid line.

Mazets et al., 2005
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SGR model:  Magnetar B=10^14 – 10^15 Gs

Magnetic Field Limit on SGR 1900+14
Rothschild, R. E.; Marsden, D.; Lingenfelter, R. E.
preprint arXiv:astro-ph/9911238 

Astrophysical Journal, Volume 520, pp. L107-L110 

We measured the period and spin-down rate for SGR 1900+14 during 
the quiescient period two years before the recent interval of renewed 
burst activity. We have shown that the spin-down age of SGR 1900+14
is consistent with a braking index of ~1 which is appropriate for wind 
torques and not magnetic dipole radiation. We have shown that a
combination of dipole radiation, and wind luminosity, coupled with 
estimated ages and present spin parameters, imply that the magnetic field
for SGR 1900+14 is less than 6 x 10^13 G and that the efficiency for 
conversion of wind luminosity to x-ray luminosity is <2%. 



Formation of very strongly magnetized neutron stars - Implications for gamma-ray 
bursts 

Duncan, Robert C.; Thompson, Christopher
Astrophysical Journal, Part 2 - Letters, vol. 392, no. 1, June 10, 1992, p. L9-L13. 

It is proposed that the main observational signature of magnetars, high-
field neutron stars, is gamma-ray bursts powered by their vast reservoirs 
of magnetic energy. If they acquire large recoils, most magnetars are 
unbound from the Galaxy or reside in an extended, weakly bound 
Galactic corona. There is evidence that the soft gamma repeaters are 
young magnetars. It is argued that a convective dynamo can also 
generate a very strong dipole field after the merger of a neutron star 
binary, but only if the merged star survives for as long as about 10-100
ms. Several mechanisms which could impart a large recoil to these stars 
at birth, sufficient to escape from the Galactic disk, are discussed. 



The soft gamma repeaters as very strongly magnetized neutron stars - I.
Radiative mechanism for outbursts 

MN  RAS, Volume 275, Issue 2, pp. 255-300 (1995) . 

Duncan, Robert C.; Thompson, Christopher

A radiative model for the soft gamma repeaters and the energetic 1979 March 5 burst is 
presented. We identify the sources of these bursts with neutron stars the external magnetic fields 
of which are much stronger than those of ordinary pulsars. Several independent arguments point 
to a neutron star with B_dipole~5x10^14 G as the source of the March 5 event. A very strong 
field can (i) spin down the star to an 8-s period in the ~10^4-yr age of the surrounding supernova 
remnant N49; (ii) provide enough energy for the March 5 event; (iii) undergo a large-scale 
interchange instability the growth time of which is comparable to the ~0.2-s width of the initial 
hard transient phase of the March 5 event; (iv) confine the energy that was radiated in the soft tail 
of that burst; (v) reduce the Compton scattering cross-section sufficiently to generate a radiative 
flux that is ~10^4 times the (non-magnetic) Eddington flux; (vi) decay significantly in ~10^4-
10^5 yr, as is required to explain the activity of soft gamma repeater sources on this time-scale;
and (vii) power the quiescent X-ray emission L_X~7x10^35 erg s^-1 observed by Einstein and
ROSAT as it diffuses the stellar interior. We propose that the 1979 March 5 event was triggered 
by a large-scale reconnection/interchange instability of the stellar magnetic field, and the soft 
repeat bursts by cracking of the crust. 



The epoch folded pulse profile of SGR 1900 + 14 (2-20 keV) for
the May 1998 RXTE observations (Kouveliotou

et al., 1999).
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The epoch folded pulse profile of SGR 1900 + 14 (2-20 keV) for
the August 28, 1998 RXTE

observation. The plot is exhibiting two phase cycles (Kouveliotou
et al., 1999).
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The Power Density Spectrum of the May 1998 RXTE observations of
SGR 1900 + 14 . The highest peak in the spectrum corresponds to
the fundamental period of 5.159142 s; the three less intense peaks

are the harmonics (Kouveliotou et al., 1999)
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PDS of the August 28, 1998 RXTE observation. The two highest peaks
are the fundamental period at 5.160199 s, and its second harmonic

(Kouveliotou et al., 1999).
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The evolution of "Period derivative" versus time since the first
period measurement of SGR 1900+14 with ASCA. The time is given in

Modified Julian Days (MJDs) (Kouveliotou et al., 1999)
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The hystory of the outburst from SRG 
1806-20  (RXTE/PCA   2-60 keV). The 
top panel (a) shows aq bright burst 
preceded by a long, complex precursor. 
The bottom panel (b) shows the 
precursor intervals used in the spectral 
analysis (Ibrahim et al., 2002). 
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SGR 1806-20:

spectrum and best-fit 
continuum model for the 
second precursor interval 
with 4 absorption lines 
(RXTE/PCA 2-30 keV),
Ibrahim et al. (2002)
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Rotation energy losses are much less than observed (magnetic ?), so 

B estimations using dP/dt are not justified.

Giant bursts in nearby galaxies (short GRB): NOT seen at  all!

(statistically  should be see about 10 short GRB)

Jumps in dP/dt, in pulse form  -- not seen in other pulsars

Cyclotron lines:  proton radiation (?) 
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