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Neutron stars are detected as pulsars. Their regular pulsations in the radio, and/or X-ray, 
optical bands are produced by a strong magnetic field being turned around at the stellar 

rotation period. It’s widely accepted that a rapidly spinning neutron star loses its rotational 

energy by magnetic dipole radiation, the rotational evolution of isolated neutron stars are 
determined by the evolution of its magnetic field (Becker, 2008; Glendenning, 2000). 

 
Neutron stars also are very hot at birth, with temperatures well above 1010K. This heat is 

radiated away mainly by neutrinos from the interior during the first million years or so 

(the neutrino cooling era) and, later, the emission of photons from the surface dominates 
the cooling of the star (the photon cooling era). This photon luminosity and its change 

with time depend on the properties of dense matter in the interior of neutron stars and its 

magnetic field(Becker, 2008; Glendenning, 2000). So, observations of thermal radiation 
provide important information about the state of matter above and below nuclear density 

as well as for the magnetic field (Yakovlev et al., 2001; Zheng & Zhou, 2006; Zhou et al., 

2007). Magnetic field decay has been studied previously. Goldreich & Reisenegger (1992) 
discussed the processes which promote the dissipation of magnetic energy in neutron 

stars. Heyl et al. studied the decaying magnetic field of magnetar and how this decay 

affects the cooling of the stars (Heyl & Hernquist, 1997; Heyl & Kulkarni, 1998; Miralles 
et al., 1998).  

 
In summarize, the rotational, magnetic field and thermal evolution of neutron stars are 

coupled together, they may influence each other. The main goal of this work is to discuss 

the coupling evolution of neutron stars including the rotating, thermal and magnetic field, 
especially the effect of the decaying magnetic field on chemical heating mechanism of 

cooling neutron stars. 

 
 

 
 

Several physical mechanisms have been proposed for magnetic field decay in neutron 

stars: ohmic decay, ambipolar diffusion and Hall drift (Goldreich & Reisenegger 1992). 

Depending on the strength of the magnetic field, each of these processes may dominate 
the evolution. Heyl et al. studied how the decaying magnetic field affects the thermal 

evolution of neutron stars. A simple differential equation can be used to describe the 
dipole magnetic field  decay (Goldreich & Reisenegger, 1992, Heyl & Hernquist, 1997; 

Heyl & Kulkarni, 1998; Miralles et al., 1998): 𝑡𝑜ℎ𝑚~2× 10
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The heating energy of chemical heating comes from the rotational energy which is 
converted into heating by storing rotational energy in terms of chemical energy. In our 

calculation, we take n = 0.56 fm−3, ρc = 1.2 ╳1015 g cm−3, xeq =0.07, R = 10.4 km which is 
the typical value for the 1.4M⊙ neutron star calculated by the equation of state named 

AV14+UVII (Wiringa et al., 1998). Furthermore, a 1.4M⊙ neutron star is cooling through 

modified URCA processes in such equation of state. With the given initial spin period, 
temperature and magnetic field, we solve the following equations numerically: 
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Our work shows the facts: the thermal evolution delays the decay of the magnetic field 
through heating effects; while the decaying magnetic field even makes the surface 

temperature become lower at photon cooling era through rotation and chemical evolution. 

δμ become small in the photon cooling era since the spin-down of the stars has been 
delayed by the decaying magnetic field. Meanwhile, the surface temperature of the star 

also becomes lower in the same era.  These show the results that: the effect of chemical 
heating has been suppressed by the spin-down of the stars through decaying magnetic 

field at a later stage. When we discuss the cooling of neutron stars, we should take into 

account the coupling effect of magnetic field evolution and spin-down of neutron stars on 
the heating mechanisms. 

 

From radio observations, we get the period, the period derivation and the magnetic field. 
Meanwhile, we obtain the surface temperature of certain pulsars from X-ray and 

optical/UV bands observations. So, it may be possible to derive certain constraints on the 

age, the initial magnetic field and period of the pulsar from. 
 

We are aware of the fact that our model is simplified. Further works can be improved in 

many respects, including more reality neutron star model and the occurrence of 

superfluidity. Our simple model shows the qualitative importance of the coupling 

evolution of thermal, rotational and magnetic field of neutron stars. And we do not try to 

explain the observational data precisely. Future investigations will consider a consistent 

evolution including the geometry of the magnetic field, the thermal structure of neutron 

stars with magnetized envelopes, and compared with the thermal emission observation 

data. 
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The evolution of δμ/(πkB) for different 
initial magnetic field is showed In Fig. 2. 

In the photon cooling era, deviations can 

be found because of the decaying magnetic 
field. Compared with fixed magnetic field, 

the departure from chemical equilibrium 
becomes smaller with the decaying field 

for the lower magnetic field (<109G). 

Meanwhile, the evolution of the surface 
temperature for different initial magnetic 

field is shown in Fig. 3. Considering the 

coupling evolution, the surface 
temperature even become lower at later 

stage, especially for the intermediate field 

(109G, 1010G). That is coinciding with the 
variation of δμ/(πkB).  

 

Fig.4 plot the dependence of the surface 
temperature on B. The surface temperature 

is decreasing while the magnetic field is 
decaying. Since neutrino emissivity and 

photon luminosity make the characteristic 

cooling time significantly shorter than the 
one for magnetic field decay, the heating 

effect is negligible and the magnetic field 

decay is much slower than the thermal one 
during first 106 yr. This phase of evolution 

lasts while the total heating rate is smaller 

than the luminosity. For B<1012G, where 
the heating plays a dominating role in the 

thermal evolution, the characteristic 
cooling time scale becomes comparable 

with the decay time scale of the magnetic 

field.  

Fig.1 show the time evolution of the 

decaying magnetic field with chemical 

heating and magnetic field decay heating 

(solid lines). For comparison, we also plot the 

curves for decaying fields which are cooling 

through the modified URCA processes 

without any heating effects (dotted lines). 

Obviously, an evolving heating mechanism 

will make the magnetic field decay slower 

during the photon cooling era (t>106yr). The 

smaller the initial magnetic field, the slower 

the magnetic field decays.  

Fig.1 

Fig. 5 plot the time evolution of angular velocity in units of initial angular velocity with 

different initial magnetic fields. The solid lines are for decaying fields with chemical 

heating and magnetic field decay heating. The dotted lines are for the standard magnetic 

dipole braking model. The spin down is delayed obviously in the photon cooling era. The 

magnetic field of a pulsar decays significantly in a time span of a few million years, then 

its real age must be considerably smaller than the spin-down time scale. In such case, it is 

incorrect to write the age of the pulsar as |Ω/2Ω |. 
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