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Introduction
• NS’s inner core?    NS/QS?        

• Forthcoming NICER, Athena, and LOFT-like missions     

• 2-solar-mass 
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❏ Heavy-ion flow investigations
❏ Ab-initio lattice QCD simulations

Introduction

D. P. Menezes 
(2016) JPCS



Unified NS EoS
● BCPM (Barcelona-Catania-Paris-Madrid):

A bulk part obtained from the BHF calculations for nuclear 
matter, 
added in usual ways:
the phenomenological surface part, 
the Coulomb part, 
the spin-orbit part,
the pairing contributions.

(Baldo et al. 2008, 2010, 2013, 
Sharma et al. 2015)

● BSk20,21:
Skyrme-type unified EoSs
from Brussels-Montreal group 
(Chamel et al. 2011; 
Pearson et al. 2012; 
Fantina et al. 2013; 
Potekhin et al. 2013)

Crust-core 
transition
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● Shen-TM1
Relativistic Mean field (RMF) 
model (Shen et al. 1998)

Pais, Menezes & 
Providencia, 
1603.01239



CDDM (Confined-density-dependent-mass) model

The variation of    
the quark mass with 
density mimics the 
strong interaction 
between quarks.

Quark 
confinement

Asymptotic 
freedom 

D term: linear confinement; 
C term: leading-order perturbative interactions
        (or the Coulomb term).

Fowler, et al. 1981; 
Chakrabarty, et al. 
1989,1991,1993,1996; 
Peng, et al. 2000
Xia, et al. 2014

CIDDM (Confined-isospin-density-dependent-mass) model Chu & Chen, 2014
Qauli & Sulaksono, 2016

Updated QS EoS
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Rotating NS/QS
1> Why study glitches?
A glitch may arise from the inner 
crust of a neutron star.
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Rotating NS/QS
1> Why study glitches?
A glitch may arise from the inner 
crust of a neutron star.

Normally, crustal superfluid are 
pinned to the crustal nuclei;  

Two-component model

Superfluid's angular velocity will 
lag that of the crust;  

Pinned vortices will give crust stress, 
until vortex unpinned catastrophically 
(Anderson & Itoh)

From glitch observations to EoS



Andersson et al. 2012, PRL

❏ Vela pulsar may provide 
the most severe problems 
of two-component model, 
because... 

From glitch observations to EoS 



❏ Allowed NS mass too low !

Glitch crisis (2012-present)

Andersson et al. 2012, PRL
Chamel N., 2013, PRL

Many neurons are entrained by the 
crust——neutrons move as if they had 
an effective mass mn

*  (mn< mn
*).

<~1.1M
⊙



❏ The amount of superfluid in the crust cannot explain the 
changes in angular momentum required to account for the 
glitches.  

Glitch crisis (2012-present)

❏ Uncertainties in EoS and core-crust 
interface provide enough flexibility

   (RMF + polytropic interpolation + BPS)

?

Andersson et al. 2012, PRL
Chamel N., 2013, PRL

Piekarewicz et al. 2014

Two points to be improved:

➢ Microscopic NS EoS;

➢ Unified NS EoS.



❏ Adopting slow rotation approximation for Vela (P = 89.33 milliseconds)
    (Spherical-symmetry metric + Axis-symmetry perturbation)

Hartle & Thorne 1968

 Microscopic unified NS EoS

BCPM (Barcelona-Catania-Paris-Madrid)
(Baldo et al. 2008b, 2010, 2013, 
Sharma et al. 2015)

Two points to be improved:

➢ Microscopic NS EoS;

➢ Unified NS EoS.



AL, Dong, Wang, Xu, ApJS 20162> Vela pulsar structure



Inner crust: Directly related to glitch
AL, Dong, Wang, Xu, ApJS 2016



Inner crust: Directly related to glitch
AL, Dong, Wang, Xu, ApJS 2016



Fractional momenta of inertia: 
Confronted with Vela glitch data

AL, Dong, Wang, Xu, ApJS 2016

2> Glitch crisis 

Still present!
Core neutrons might be necessary!
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1> Internal X-ray plateau
2> QS (instead of NS) central 

engine model



1> Internal X-ray plateau in short GRBs
(Rowlinson et al. 2010, 2013, MNRAS)

Lü, et al. 2015, ApJ
Lasky,et al. 2014, PRD

❏ 21 SGRB plateau sample with SWIFT (2005/01-2015/10) 
    (Gao, et al., 2016, PRD)



Spindown-induced collapse of a NS/QS to a BH

AL, Zhang, Zhang, Gao, Qi, Liu, Arxiv soon



AL, Zhang, Zhang, Gao, Qi, Liu, Arxiv soon

Supramassive NS/QS: Doomed to collapse



Uniformly fast-rotating supramassive NS/QS
from rns code
(Komatsu, et. al. 1989
Cook et al. 1994,
Stergiouslas, at al. 1995)

AL, Zhang, Zhang, Gao, Qi, Liu, Arxiv soon

~40%

~18-20%

Bhattacharyya, 
Bombaci, 
Logoteta, 
Thampan, 2016 
MNRAS



Data prepared
AL, Zhang, Zhang, Gao, Qi, Liu, Arxiv soon



MC simulation 
AL, Zhang, Zhang, Gao, Qi, Liu, Arxiv soon

❏ Reproducing simultaneously all 
three observed distributions 
(Break time tb, Break time 
luminosity Lb, Total 
electromagnetic energy Etotal);

    Eg., time simulation 
❏ Including both EM and GW;
❏ Constraining parameter ranges 

of stars (Ellipticity  , 
Initial spin Pi, Surface dipole 
magnetic field Bp);

❏ NS vs. QS

Efficiency related to the conversion of 
the dipole spin-down luminosity to the 
observed X-ray luminosity.
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Summary 

AL, Zhang, Zhang, Gao, Qi, Liu, Arxiv soon
AL, Dong, Wang, Xu, ApJS 2016

● Rotating NS configurations (fast/slow) are presented

  with recently-constructed unified NS EoS;

● Glitch still a “crisis”;

● Calculations for pure quark star (QS) are also done;

● Internal X-ray plateau in SGRBs could be a signature of 

fast-rotating QS, instead of NS.



Thank you very much!

The university



❏ Next plans:

Pinning Force (with Shang, Lv)

The Ginzburg-Landau theory

To study the whole picture of glitch.

❏ Unresolved physics:
➔ Pinning force between vortex and lattice (vortex unpin and 

moving);
➔ Core-crust coupling during glitch rising.

Glitch crisis (2012-present)

Column 
coordinate

(A and B is from BHF+BCS)


