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Magnetic fields in neutron stars play an important 
role in the interpretation of many observed phenomena. 
Magnetar, which is associated with a super strong 
magnetic field, show properties different than normal 
neutron stars.

Many people have paid attention into cooling 
processes of neutron stars because it  must give 
important information of neutron stars structure [1]. 
The neutron stars are cooled by the neutrino emission, 
and the magnetic field is expected to affect the emission 
mechanism largely because the strong magnetic field can 
supply energy and momentum into the process.

In this work [2] we study the νν̄- pair production from 
electron and proton, which occur only under the strong 
magnetic field.

We assume a uniform magnetic field along the 
z-direction, B = (0, 0, B), and take the electro-magnetic 
vector potential Aμ to be A = (0, 0, xB, 0) at the position 
r ≡ (x, y, z). The relativistic proton wave function Ψ̃ is 
obtained from the following Dirac equation:

(1)

where m is the particle mass. By solving Eq. (1), we then 
obtain the energy eigenvalues as

(2)

where n is the Landau level number and pz is z-component 
of the proton momentum. Then, we calculate ν ν̄-pair 
emissions from the transition between the different 
Landau levels for electrons and protons in the relativistic 
quantum mechanical way [2].

In Fig. 1 we show the calculation results of ν ν̄-pair 
luminosity per volume, L/V at the baryon density ρB = 
0.2 ρ0, where ρ0 is normal nuclear matter density. The 
solid circles and open squares represent the calculation 
results when B = 1015 G and B = 2 × 1015 G, respectively.

Since √ēB = 2.4 MeV when B = 1015 G, the transition 
energy is a few MeV and much larger than the magnetar 
temperature T ≈ 280–720 eV [3], and we cannot use the 
low temperature expansion in the actual calculations. So, 
we make the calculations at several temperatures in a few 
keV temperature regions and extrapolate them up to a 
realistic temperature.

The solid and long-dashed lines represent result of 
the fitting function L/V = cT a at B = 1015 G and B = 2 

× 1015 G, respectively, . For comparison, we give the 
neutrino luminosity per volume in the modified Urca 
(MU) process [4] with the dashed line.

Our results show the powers of the temperature are a 
= 1.6 when B = 1015 G and a = 1.2 when B = 2 × 1015 G, 
while its power is a = 8 in the MU process. At the realistic 
temperatures, T = 700 eV, and B = 1015 G, our results give 
L/V ~ 1021 (erg/cm3·s), while the MU process gives L/V ~ 
1011 (erg/cm3·s). Our emission process is expected to be 
much larger than the usual emission process such as the 
MU process in the strong magnetic field B ~ 1015 G and 
the realistic temperature region.
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[(i /∂ − e /A ) − m ] ψ̃(t, r ) = 0 ,
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ν ν̄-pair emission luminosity per volume at the baryon  
density ρB = 0.2 ρ0.
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