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Backgrounds

 PSR J1640+2224 consist of a millisecond pulsar and a white dwarf

 Parameters:

• Orbit period : 175 days

• Orbital eccentricity :  7.97 × 10

• Distance :  1.51 kpc

• Pulsar Spin period : 3.16 ms

• Period derivative :  2.83 × 10

• Pulsar mass :   ?

• White dwarf mass :   > 0.4 𝑀⨀ (> 90% confidence)  Vigeland et al. (2018)
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Input physics:

 Code:  Modules for Experiments in Stellar Astrophysics (MESA, Paxton et al. 2013, 2015,2018)

 Model: ZAMS+NS

 Metal abundance: Pop. Ⅰ (X=0.70; Z=0.02) and Pop. Ⅱ (X=0.75; Z=0.001)

 Mixing-length parameter: ,

 Exponential diffusive overshooting with the parameter fov = 0.01-0.016 (Herwig 2000)

 Binary interactions in the mass transfer progress:

 NSs initial mass: 1.4-2.2 𝑀⨀

 Donor star initial mass: 1.0-4.0 𝑀⨀

 Initial orbital period: 1-60 days  

 Gravitational radiation (GR)

 Magnetic braking (MB)

 Mass loss (ML)



Result (The final 𝒐𝒓𝒃 𝑾𝑫 Diagram)

Figure 1. Final orbital period as a function of WD mass. The gray, solid horizontal line represents the distribution of the 
orbital period and the WD mass for PSR J1640+2224. The triangles are used to distinguish different curves that overlap. 
In the left and right panels we adopt different chemical compositions and overshooting parameters.



Possible results Further Constraints from Spin Evolution

The spin-up rate of the NS in an LMXB is determined by the 
rate of angular momentum transfer due to mass accretion.

Here we have assumed that the NS’s magnetic field has 
been decayed so much that the accretion disk can extend to 
the surface of the NS. The amount of accreted mass needed 
to produce a MSP can be roughly estimated to be

The actual value of ∆M could be smaller by a factor of ∼2 
than that in this equation if considering the effect of the NS 
magnetic field–accretion disk interaction. Combing this 
with Table 1, we note that evolutions with Population II 
compositions seem to be more preferred for the formation 
of PSR J1640+2224.



Conclusions

We summary our mainly results as follows,

 For Population I chemical compositions, when 𝑀 ≅ 2.0𝑀⨀, it is possible to simultaneously account for the 
WD mass (∼0.4 𝑀⨀) and the orbital period (∼175 days). But if the WD mass>0.6 𝑀⨀, the NS mass should 
be larger than 2.2 𝑀⨀, and the donor star must initially be intermediate-mass.

 For Population II chemical compositions, the evolution of original LMXBs containing a 1.4 𝑀⨀ NS and a 1.0
𝑀⨀ donor star may form PSR J1640+2224-like binaries with a 0.4 𝑀⨀ WD companion. However, if the WD 
indeed has a mass higher than 0.6 𝑀⨀, then the initial NS mass should be no less than 2.0 𝑀⨀, and the initial 
donor mass should be higher than 3.0 𝑀⨀.

 When the NS spin evolution is taken into account, the evolutions with Population II compositions seem to be 
more preferred for the formation of PSR J1640+2224.




