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Background

Jiang et al., 2019

CPTA program

• Nearly 60 MSPs

Five-hundred-meter Aperture Spherical radio Telescope (FAST)

19-beam receiver：
1. 1.0-1.5 GHz
2. G ≈ 16 K/Jy
3. Tsys ≈ 20 K

• Sensitive in L-band
• Able to see MSPs’ single-pulse



Method

Pipeline:

1. Folding pulse profile: 
• with different integration length (e.g. 0.1s, 0.5s, 

1s, 5s, 10s)
• with single-pulse mode

2. RFI mitigation

3. Polarization calibration

4. Summing over frequency to 1 channel or 
several channels

5. Template fitting using tempo2 to obtain TOAs

The measurement error of TOAs on short time scales (e.g. few hours) can 
be written as:

(1)

where σrn is radiometer noise, depends on S/N.
           σJ is jitter noise we concerned in this work.
           σscint represents for noise caused by scintillation which we ignored.

Assuming the timing residual to be Gaussian distributed, 
then the PDF for r should be:

(2)

Σ is covariance matrix.

Now, by using the method of MLE, we can calculate the jitter values.

(3)



Results: An example

• folding with series of int time for different observation date
• single-pulse timing residual
• red line represent for single-pulse jitter result and 1-σ error

PSR J1744-1134 Fig (1)

Fig (2)

Fig (3)



Results for 32 MSPs

We measured the σJ of 32 MSPs from CPTA 
program and scaled them to 1-hour and 
single-pulse level respectively:



Results for 32 MSPs

• The scaling index α usually thought to be -0.5: 
• And for our results:
• Red dashed line 
      represents for α = -0.5

The fitting index α
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Results for 32 MSPs
Compared to NG-12.5 year jitter results (Lam et. al, 2019) and MeerKAT’s results (A. Parthasarathy et al. 2021)

Pulsar name
J2000

MeerKAT
(ns)

FAST
(ns)

J0030+0451 <60 50.4±1.0

J1024-0719 <30 31.0±1.3

J1744-1134 30±6 24.91±0.05

J2145-0750 200±20 201.5±27.3



Results for 32 MSPs
Compared to Ecorr parameter in CPTA noise analysis
(scaled to 1h) 

Usually, the white noise covariance matrix are written 
as :

(1)

We assummed the uncorrelated jitter and correlated 
jitter are modeled as their RMS values be proportional 
to ����, then:

(2)



Results for single-pulse

17 of 32 MSPs are able to fold single-pulse profile using FAST

Single-pulse jitter results for 17 MSPs (frequency averaged)                                                     
Comparison between two method:



Results for single-pulse

For 10 MSPs, their single-pulse data were also divided into several channel in frequency band (4, 8, 16, 32) to 
investigate the jitter-frequency relation.

6 pulsars’ jitter decrease as the frequency increase, 
like J0348+0432

4 pulsars show no obvious jitter-frequency relation, 
like J0023+0923 



One more thing
The mode change or 
nulling behavior are 
relatively rare in 
MSPs.
Three (B1957+20, 
J0621+1002, J1909-
3744) cases were 
reported so far.

Mode change (1)
J0023+0923
J0348+0432
J1741+1351
......

Mode change (2)

J1640+2224

ab-normal                            normal



Conclusion

• We measured the jitter value of 32 millisecond pulsars from CPTA program. Our results of jitter values 
are consistent with the time scaled EcorrJ parameter in CPTA noise analysis and also the MeerKAT 
jitter results but generally lower than NG-12.5yr results.

• For 17 MSPs, we measured their jitter directly in the single-pulse level.

• 6 of 10 MSPs show jitter-frequency relation: jitter decrease as the frequency increase.

• The single-pulse of 8 MSPs show obvious mode change behavior.
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