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Phase-resolved pulse profile

Riley et al. (2019)



Inference: Sampling techniques

X Yy = y(x)
y(x) = x2

pY(y) = e−y2
• What is  ?

• How to generate 

sample from  ?

pX(x)

pX(x)

Various sampling algorithms try to answer these question:

• MCMC: HMC/NUTS,  Affine Invariant Ensemble sampler, Parallel-Tempering…

• Nested Sampling: Multi-ellipsoid decomposition, mixed slice sampler…

Sufficiently exploring a high-dimensional parameter space 
requires typically  likelihood evaluations∼ 107-109



• Spherical star & slow rotation

• Schwarzschild spacetime


• Blackbody spectrum, Given star’s mass , 
radius , frequency , inclination , 
hotspots(location, shape, temperature)


• How to calculate phase-resolved spectrum for a 
distant observer?
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A simple pulsar model
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# First divide NS surface 
# into small patches
for each rotational_phase:
  for each energy_bin:
    for each surface_patch:
      calc_flux()
# This computation paradigm is
# naturally parallelized.



A realistic millisecond-pulsar model

Often include:

1. Atmosphere(chemical composition, spectrum, beaming pattern)

2. Temperature distribution(spot location/size/shape)

3. Spin-induced oblate shape

4. Doppler effect induced by rotation

5. GR multi-image effect

6. GR redshift and time dilation

7. Interstellar medium(ISM) caused energy-dependent attenuation

8. Optic efficiency of telescope/detector



Inference requires substantial computing resources 

For many models, accurate computations are time-consuming. 

Vinciguerra et al. (2024)



Low resolution can fail for challenging hotspots 

X-PSI

IM

Alberta

Extreme hotspots can mismatch by ~50% without high-
resolution computations.

This creates a seemingly impossible accuracy–speed 
tradeoff for pulse profile modeling.


Choudhury et al. (2024)



TZ and CH, (2026)

Benchmark agreement at millisecond cost 



Choudhury et al. (2024)

Our new code:

CPU-std   ~ 1-5 s

CPU-high ~ 6-20 s

GPU-std   ~ 1-3 ms

GPU-high ~ 6-12 ms

GPU evaluations are about 1000× faster 
than single-core CPU implementation 

Platform: i7-13700KF+RTX4080



Chun Huang, Tuomo Salmi, Alex Chen (2026)

Physics driven MR analysis of J0740



Summary
• We developed and validated a GPU-based pulse profile modeling code, 

achieving close agreement with reference calculations even for challenging 
hotspot geometries.


• GPU acceleration reduces model evaluation times from seconds to 
milliseconds, delivering an approximately 1000-fold speedup over single-core 
CPU implementation.


• Physics driven analysis of pulsar J0740 demonstrates practical mass–radius 
inference in 2 days, opening opportunities to explore more complex surface 
emission models without heavy computation resources.


