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Abstract

. 

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.



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,

,c t 
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Spin-down evolution
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Rotation energy loss rate

45 2I ~10  g cm .
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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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Neutron star  re-magnetization

 If the accreting matter is weakly, or non, magnetized, this implies that NSs produced by 

supernovae are born with weak, or even vanishing, surface magnetic field. 

 In addition, this accreting matter has suffered a turbulent episode during which the 

plasma behaved as a diamagnet and its field could have been severely reduced, which 

would means that the final surface field of the NS could be weak.

 Later diffusion of the  field back to surface could produce a delayed switch-on of a pulsar.

If the field is buried in the inner crust 
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If the surface dipole 

magnetic field of  PSR 

J1734-3333  increase with 

current  power -index of 

1.50, this pulsar will  

become a magnetar with 

when the 

evolution time
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Comparison (1)  

(Gourgouliatos \& Cumming  2014) 

Recently,  Gourgouliatos \& Cumming (2014)  investigated magnetic field evolution 

in  the NS crust due to Hall drift as an explanation for observed  braking indices of 

NSs, they pointed that rapid interior cooling after 100 kyrs stops the field  growth



Comparison (2)  

 Caliskan et al. (2013) presented fall-back disk solution for n of PSR J1734 -3333.  They 

Need a  small disk whose mass is much smaller than the mass of the disk around AXP 4U 

0142+61 (Wang  et al., 2006) to fit the observational parameters of J1734-3333.

 Liu et al. (2014) presented another fall-back disk solution for n of PSR J1734 -3333. The 

propeller  torque of a fall-back disk would modify the period derivative, which makes the 

current dipole magnetic field strength much stronger than the real field strength. 

The above two models didn’t  give the relation of spin 

parameters and secular evolution time t  for this source !



Discussion (1)  

 In this work, we assume that the surface dipole field always increase  with a  

constant index of . Here, can be served  as  an  average  quantity of       , 

since the magnetic flux density always  vary with a non-liner decay-rate.

 Because the strong temperature dependence of  electric conductivity, when a NS’s  

crust cools below 10^7 K, typically  1Myrs after birth, the Ohmic dissipation time 

increase  insignificantly, and no rapid field decay can be expected after that age.

 The maximum uncertainty of field-growth index could be from the age estimation 

of G354.8-0.8. Due to lack of X-ray emission  and the accurate measurements of 

distance  and radius, we can not present an accurate estimate of  true age for the 

SNR.  We expect that  future observations will provide us an appropriate age 

range. Thus, the initial parameters in this work will be modified substantially, 

according to the observations 

 



.

 The origin of  magnetic field of magnetars is an open issue. If the proto-NS has a rotational 

period of the order of a millisecond, then an efficient dynamo is expected to occur within it, 

and generate a magnetic field of the order of 10^15−16 G (Duncan  \& Thompson 1992): 

combined with angular momentum,  this is likely to impede accretion onto this source. 

 For the purpose of explaining bursts, magnetars should possess a superhigh internal 

multipolar field, and a large dipole field seems to be unnecessary (e.g., 7.2 * 10^12 G for 

SGR 0527). Note, here we have introduced a surperhigh internal dipole magnetic field. The 

increase of surface dipole field, due to Ohmic diffusion of internal (burred)  dipole field, will 

result in an increase of magnetic stress on the crust, which will break the crust. If so, the  

bursts (or flares)  of the pulsar will be expected.  

 In addition, due to the poloidal current induced in the superconducting core and penetrating 

the crust.  We don’t expel the  possibility of internal toroidal magnetic fields,  though the 

intensity of the current is unknown.

Discussion (2)  



 Here we mainly focus on  the scenario of magnetic field evolution for  PSR J1734

-3333 within one~several hundred  kyrs . When the surface dipole field  reach a 

saturate value,  and the pulsar  becomes a magnetar,  its surface dipole field  will 

decrease , surface neutrino and photon  emission cause the NS’s  cooling , which 

in turn speeds up the decay of surface dipole field , mainly through Ohmic diffusion. 

.

 The maximum internal dipole magnetic field buried under surface, is unknown, but

could be large enough to transport magnetic flux to the surface

through Ohmic diffusion , which makes this low braking-index pulsar evolve into

a potential magnetar . The estimated real age of 18(4) kyrs, based on supernova

explosion, and inferred field growth index of ~1.53 can provide an explanation for

too small braking index of n=0.9.

Discussion (3)  

14 16B 10 ~10 G,bury 



Thank you very much!


