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Population of Pulsars



Radio-quiet vs Radio-loud

 In the 2PC, RL pulsars are defined by the detection of radio

pulse above flux density limits of 𝑆1400 = 30𝜇𝐽𝑦 𝑎𝑡 1400 𝑀𝐻𝑧.
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Prior Researches

Marelli et al (2015)

 New 8 RQ pulsars were 

detected by Marelli et al 

(2015).

 They fitted both RQ and 

RL pulsar distributions 

with single and double 

Gaussian models.

 An average Log  (𝐹γ 𝐹𝑋) of 

3.38 ± 0.10 for RQ pulsar 

with 0.62 null-hypothesis.

 Two gaussians at 1.81 ±
0.11 and 3.20 ± 0.14 with 

0.38 null-hypothesis.



Prior Researches

Sokolova & Rubtsov (2016)

 They performed a blind 

search for gamma-ray 

pulsars using the Fermi LAT 

data alone using all point 

sources from 3FGL catalog.

 There are 40 pulsating 

sources and 26 RQ and 14 

RL.

 There are no statistically 

significant differences in 

characteristic age, Ṗ, spin-

down luminosity, gamma-

ray luminosity and galactic 

coordinates.

 The rotation period 

histograms are marginally 

different with 2.4σ statistical 

significance.



Motivation & Purpose

 Thanks to prior researches, the difference between RQ and 
RL result geometry.

 Confirm the possibility for difference of their physical 
properties. (ex: 𝐵𝑆, 𝐵𝐿𝐶, spectral parameters, etc)

 Data sample is increased by utilizing 2nd Fermi LAT Catalog 
(2PC) and 3rd Fermi LAT Source Catalog (3FGL).

 Our data set include all data samples of prior researches.

 To perform the investigation of deeper parameters for pulsar 
nature.



How to collect data
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, where P is the rotational period, Ṗ 

is the period derivative, Ω =  2π 𝑃
is the rotational angular frequency, 

R is the neutron star radius with 

assuming 10 km.



How to collect data



KS & AD test

 Kolmogorov-Smirnov (KS) test is widely used  to test whether two unbinned distributions are 
different.

 Anderson-Darling (AD) test is more sensitive to identify the difference locates at the edges of the 
distribution or when these two distributions are crossed.



Results
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Results

Such differences can be explained in the context of outer gap model by the 
geometric effect and the rotational period.

By assuming:

1) The gamma-ray are originated from the outer gap

2) The X-ray are originated from the polar cap due to backflow current 
heating

3) The open angle of the radio emission cone depends on 𝑃  −1 2



Result – Curve Significance

 Depends on how well the gamma-ray spectra can discriminate whether Power-Law and Power-

Law with Exponential cut off.

 RL pulsars can be easily detected.

 In order to test the robustness, we alleviate this possible selection effect by re-running the AD-

test on the pulsars detected at a level > 10σ (i.e TS > 100 in 3FGL).

 RQ pulsars satisfy and the sample size of RL pulsars is reduced to 29.

 In this case, p-value of AD-test is marginally 3 sigma, 0.003.



Result – Curve Significance

 To account for the difference of gamma-ray spectral curvature, we speculate that inverse 

Compton process may play a role in high energy photon production.

 RL pulsars generally have wider radio cones size.

 Part of radio emission with frequency >100 MHz may get into the outer gap and IC scatter in 

GeV regime.

 A shortage of photons for RQ produced at higher energies through IC process.



Result – Magnetic filed strength at stellar surface

 While we do not find any 

difference of 𝐵𝑆, the 

distributions of the 𝐵𝐿𝐶 are 

found to be different.

 Both parameters are a function 

of P and Ṗ. 

 To investigate if the 𝐵𝐿𝐶
difference is caused by their 

rotational parameters, we have 

also applied the AD test for P 

and Ṗ.



Result – Magnetic filed strength at light cylinder

 Marginal difference of P between this two population (p-value~0.006).

 To estimate the impact of this possible selection effect in P and 𝐵𝐿𝐶, we re-run the AD test for the 

pulsars detected in the blind search by Sokolova & Rubtsov.

 We found that the statistical significance for the difference in P is not undermined.

 For 𝐵𝐿𝐶 , we found the statistical signifiucance for the difference may drop to ~2.5σ.

 Since 𝐵𝐿𝐶 ∝ 𝐵𝑆 𝑎𝑛𝑑 𝑃−3, Blc is more influenced by period.



Result – Spin-down power energy

 P-value is 0.003

 Since Ė~Ṗ𝑃−3 , Ė is influenced by period.



Result – X-ray to Gamma-ray flux ratio

 Assumption that the X-rays are coming from the regions near the polar cap.

 F𝑋
𝑃𝐶 ∝ 𝑐𝑜𝑠𝜃, where θ is angle between the magnetic axis and the viewing angle .

 RL pulsars should have smaller θ than those RQ pulsars.

 From observations and simulations (e.g. Takata, Wang and Cheng 2011), the difference in the 

gamma-ray flux distributions between RL and RQ pulsars is not enough large.

Hui et al. 2017



Radio-quiet Pulsar population

𝐸𝑐𝑢𝑡 𝑉𝑆. 𝐵𝐿𝐶 2.186 × 10−6

Radio-loud Pulsar population

𝐸𝑐𝑢𝑡 𝑉𝑆. 𝐵𝐿𝐶 0.1451

𝐸𝑐𝑢𝑡 = −1.74 ± 0.36
+ 1.15 ± 0.11 𝑙𝑜𝑔𝐵𝐿𝐶

Results for correlation

 The aforementioned IC scenario can also provide a possible way to account for this 

phenomena.

 E𝑐𝑢𝑡 might be determined by IC scattering between the radio emission and the primary 

positrons/electrons in the outer gap.

 If the open angle of the radio cone is larger, such effect can be enhanced.

Hui et al. 2017



Summary

 We have performed a detailed statistical analysis to probe the physical nature of 
RL and RQ gamma-ray pulsars.

 By comparing the cumulative distributions of selected parameters, we have 
identified the possible differences between these two populations.

 We found that the gamma-ray spectral curvature of RQ pulsars can be larger than 
that of RL pulsars.

 While the surface magnetic field strength 𝐵𝑆 has a similar distribution in both 
populations, their magnetic field strength at the light cylinder 𝐵𝐿𝐶 are found to be 
different.

 Because we can found the difference of period cumulative distribution between 
RQ and RL.

  𝐹𝛾 𝐹𝑋 of RQ population should be larger than the RL population.

 While we did not find correlation between 𝐸𝑐𝑢𝑡 and 𝐵𝐿𝐶 for RL population, we 

found strong positive correlation between 𝐸𝑐𝑢𝑡 and 𝐵𝐿𝐶 for RQ population.



Future work

 Since new source is continuously detected, We can again 
try to perform the empirical statistical analysis.

 The number of gamma-ray pulsar is more updated 211.

 Ultimately, we can pursue the correct and best result.

 Additionally, these method can be adopted for the other 
populations.
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