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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 km
s

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

E = AB        - magnetic dipole radiation (pulsar wind)

E = 0.5 I

I – moment of inertia of the neutron star

B  =  IPP/4     A
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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 13





SGR: neutron stars with periods 2 – 8 seconds  

Giant bursts, L in the peak increase 5 – 6 orders of magnitude

Slow rotation, low rotational energy, observed average luminosity 

exceeds rotational loss of energy more than 10 times,and orders of 

magnitude during giant outbursts

Suggestion: source of energy – magnetic field - magnetars



SGR and short GRB



• Giant bursts in SGR similar to short GRB

• Mazets, E. P., et al. 1999b, Astronomy Letters, 25, 73

• Bisnovatyi-Kogan, G. S. 1999, preprint (astro-

ph/9911275)

Short GRB, interpreted as giant bursts of SGR

In M31 (Andromeda) -1 February, 2007  (~ 1 E45 erg )  

Mazets et al., arXiv:0712.1502

In M81 - 3 November 2005 (~ 7 E46 erg)          Golenetskii et 

al. (2005) GCN..4197



Radiopulsars with very High

Magnetic Fields

and

Slow Rotation







et al.



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. 



SGR with giant bursts



SGR: Soft Gamma Repeaters 

SGR 1900+14, discovered by Mazets et al.(1979) 

(Giant burst at 27 August 1998,   >7 E43 erg)

SGR 1806-20,  observed by Mazets et al. (1980); identified as SGR by 

Laros et al. (1986)   (Giant burst at 27 December 2006,  ~ 2 E46 erg)

SGR 1627-41, discovered by BATSE 

(semi-giant burst at 18 June 1998, ~1 E43 erg)

1 in Large Magelanic Cloud: SGR 0526-66, discovered by Mazets et al.(1979)  

(Giant burst at 5 March 1979, >2 E44 erg)

Short GRB, interpreted as giant bursts of SGR

In M31 (Andromeda) -1 February, 2007  (~ 1 E45 erg ) Mazets et al., arXiv:0712.1502

In M81 - 3 November 2005 (~ 7 E46 erg)         Golenetskii et al. (2005) GCN..4197 



The giant 1998 August 27 outburst of the soft gamma repeater SGR

1900 + 14.  Intensity of the E > 15 keV radiation (Mazets, 1999c).



The greatest flare of a Soft 

Gamma Repeater
• On December 27 2004 

the greatest flare from 
SGR 1806-20 was 
detected by many 
satellites: Swift, 
RHESSI, Konus-
Wind, Coronas-F, 
Integral, HEND, …

• 100 times brighter 
than ever!

Palmer et al.
Astro-ph/0503030





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



SGR/AXP with Low 

Magnetic Fields and 

Moderate Rotation 



SGR/AXP  J1550-5418   (08/10/03,   period of 2.1 s is clearly visible )

A low-magnetic-field Soft Gamma Repeater (N. Rea et al., 2010)
arXiv:1010.2781        13 Oct 2010                 (Fermi gamma monitor)

We report on a soft gamma repeater with low magnetic field, 

SGR0418+5729, recently detected after it emitted bursts 

similar to those of magnetars. X-ray observations show that 

its dipolar magnetic field cannot be greater than 

7.5  10^12 Gauss, well in the range of ordinary radio 

pulsars, implying that a high surface dipolar magnetic field 

is not necessarily required for magnetar-like activity.



Estimations of the magnetic 

fields in SGR/AXP



The epoch folded pulse profile of SGR 1900 + 14 (2-20 keV) for

the May 1998 RXTE observations (Kouveliotou

et al., 1999).



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).

Pulse shape is changing, making errors in finding derivative of the period.



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)



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)

Proton or electron cyclotron line?



The Magnetar Model



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. 



Rotation energy losses are much less than observed 

(magnetic ?), so 

B estimations using dP/dt are not justified: 

Magnetic stellar wind as a mechanism of angular 

momentum losses.

Identification with SNR is not firm.

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

Cyclotron lines:  proton radiation (?) 



Model of Nuclear Explosion



Schematic cross section of a neutron star.



Cooling of hot dense matter (new born neutron star)



=2 10^29 g=10^-4 M  Sun

Nonequilibrium layer of maximal mass









result of explosion (convection).



but

STRONG  COLLIMATION COULD  CHANGE  

THIS  CONCLUSION



Prepared by S.O. Tarasov



Figure caption

Dependence of the mass of the non-equilibrium layer on the neutron-

star mass. The lines show the top and bottom boundaries of the layer 

mass measured from the stellar surface. The equation of state of the 

equilibrium matter was used to construct the model of the neutron 

star, with the boundaries of the layer specified by the densities. 

Using a non-equilibrium equation of statewill increase the mass of 

the layer, but should not fundamentally change the values given in 

the figure.

From 

A New Look at Anomalous X-Ray Pulsars.   

G. S Bisnovatyi-Kogan  and N. R. Ikhsanov 

Astronomy Reports, 2014, Vol. 58, No. 4, pp. 217–227.



=2 10^29 g=10^-4 M  Sun

Nonequilibrium layer of NS mass = 2 Solar (1974)

For M=0.45 the mass of the nonequilibrium 

layer is 7 times larger. The energy store reaches 

10^49 erg, what is enough for 1000 giant bursts 



Low mass neutron stars could be 

formed in the 

scenario of the off-center explosion

Numerical investigation is needed

Observations of the binary pulsar system J1518-4904 indicated the 

masses of the components to be

m_p =0.72(+0.51−0.58 M_Solar) 

m_e = 2.00(+0.58 −0.51) M _Solar with a

95.4%probability.



Gamma-ray bursts from nuclear fission in neutron stars

G.S. Bisnovatyi-Kogan

In: Gamma-ray bursts - Observations, analyses and theories 

(A93-20206 06-90), p. 89-98.

Proc Conf. Taos (USA), 1990



Conclusions

1. SGR – highly active, slowly rotating neutron stars 

2. Nonequilibrium layer is formed in the neutron star 

crust, during NS cooling, or during accretion onto it. It 

may be important for NS cooling, glitches, and explosions 

connected with SGR

3. The mass and the energy store in NL increase rapidly 

with decreasing NS mass 

4.  NL in low mass NS may be responsible for explosions, 

producing SGR




