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Introduction

 The secular decrease in the 

angular velocity of a pulsar 

is described by

 Baking index n is defined by
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Introduction

 Magnetars are neutron stars 

powered by magnetic field 

energy.

 28 magnetar candidates. 

 Classed as Anormous X-ray 

pulsars (AXPs) & Soft Gamma-

ray repeaters (SGRs)

 Due to strong timing noise and 

lake of persistent emission, it is 

hard to measure their braking 

indices observationally. 



Observational characteristics of magnetars

 Spin period： 2 – 12 sec

 Period derivative: 10-14 – 10-10 s/s

 Dipolar magnetic field:  1013 – 1015 G

 Persistent soft X-ray luminosity (1033-1035 erg/s) higher than their 

rotational energy loss

 X-ray burst /flare

luminosity > 1037 erg/s

giant bursts  Lx > 1042 erg/s



Distribution of pulsars
AXPs & SGRs

Millisecond pulsars

Radio pulsars



Z. F. Gao, et al. MNRAS, 456, 55-65 (2016)



Magnetar pindown evolution  

Z. F. Gao, et al. MNRAS, 456, 55-65 (2016)



Basic information for PSRJ1734-3333

0.9 0.2n  



Why n < 3 ?

 Neutrino and photon radiation (Peng et al. 1982);

 Combination of dipole radiation and the propeller torque

applied by debris-disk (e.g., Alpar & Baykal 2006); 

 Frequent glitches, as well as magnetosphere currents

(e.g., Chen 2009).

 Wind braking (Tong et al. 2013)

 Magnetic field  increases (e.g.,Muslimov & Page 1996).



PSR J1734-3333 is associated with SNR G354.8-0.8

(From White \& Green , Astro.Astrophys. Supple. Ser.118. 329 .1996)



 Pavlovic et al (2014) present new empirical radio surface-
brightness-to diameter (     )relations for supernova remnants 
(SNRs) in our Galaxy. 

 They select calibrators from Greens SNR catalog (Green 2009) based 
on literature of `A Catalogue of Galactic supernova remnants (2009 
March version).  

For G354.8-0.8  Diameter = 34.8 pc, Distance =6.3 kpc from 

flux-density 2.8 Jy.

Estimating diameter of G354.8-0.8

D



Estimating real age of G354.8-0.8

 The evolution   of a SNR : free-expansion, Sedov-Taylor (ST) and  

pressure -driven snowplow (PDS) . 

1) Low latitude ,  2) Core-collapse  supernova

 According the model of Cioffi ( D.F. Cioffi , et al ApJ ,334, 252, 1988) , we 

derive  an expression
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Spin-down evolution

If the dipole braking still dominates, and the magnetic field evolution can’t be ignored,  

Blandford \& Romani (1988) re-formulate the braking law of a pulsar as

Integraling Eq.(4) gives 

where  we assume                                                         .

From Eq. (5) we get:                                                                          

Then we can represent the spin-down age of the star in the form:

where
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Spin-down evolution

Thus, assuming that in the saturation regime for PST J1734 3333,

we obtain 

Combing with                                                                                 ,     

we get
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Spin-down evolution

From Eq.(8) and Eq,(9) , we find that 

and

Inserting  n=0.9(2) ,                              and                            

into Eqs.(8-10), we obtain  
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From

we get  the initial  spin period  

From

we get the initial surface magnetic field  ,   
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If the evolution time                                             t 100 kyrs,
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t~50 kyrs, ~ 5.3 sP 16.6 s P 



For convenience, we denote 
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In the early stage of field

evolution, the pulsar appears

older, in the late

evolution stage, the pulsar

appears younger,
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Spin-down evolution
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raking index evolution

raking index evolution

Braking index evolution

 The increase of the 

dipole magnetic field  

causes a low braking 

index n < 3

 Braking index  n 

increases (faster, then 

slower ),  and finally 

approaches a limited 

value   n~1.625
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Conclusions

. 

In this work, we present a possible interpretation for very small braking index

of PSR J1734-3333, which challenges the current theories of braking

mechanisms in pulsars, and estimate some initial parameters. According to

our suggestions, this pulsar could be born with a superhigh internal magnetic

field ~ 10^14 -10^16 G, and could undergo a supercritical accretion soon after

its formation in a supernova.

This strong magnetic field has been buried under the surface, and is relaxing

out of the surface at present due to Ohmic diffusion. The increasing of surface

dipole magnetic field results in the small braking index of 0.9. Keep the

current field-growth index, the surface dipole field would reach a magnitude

of 10^14 G within t ~50 kyrs, and would reach the maximum of the internal

magnetic field strength in a few hundred kyrs , which implies that this pulsar

is a potential magnetar.



Thank you very much!


