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Pulsar Data Format 

● The binary raw data file stores Npol 
polarization products in Nchan 
channels for every time sample as 
16-bit integers.

○ Npol = 1 : Total intensity

○ Npol = 4 : Stokes I,Q,U,V 

Data Volume (Bytes) ≈ Nchan * Nsmpl * Npol *
(Nbits/ 8)     

Nchan

Nsmpl

Npol



Folding using dspsr

Folding - Add large number of pulses in 
phase to improve signal to noise ratio.

Credit: Lynch, Ryan S. 2022, ”Searching for and Identifying Pulsars”



What Can PSRCHIVE Do?
❏ An open-source 

pulsar data analysis 
suite

❏ A C++ library with 
Python bindings

❏ Integrated with UNIX 
command-line 
workflows

❏ Widely used in PTA 
and pulsar timing 
experiments

PSRFITS
EPN
PRESTO folded archives

PSRCHIVE primarily operates on



PSRCHIVE Commands and Functional Categories

Command Purpose
psredit Query/edit metadata

psrstat Query attributes and statistics

vap Output tables of parameters and derived 
values

psrplot Generate publication-quality plots

pav Produce a wider variety of plots

pam Command line general purpose data 
reduction



PSRCHIVE Commands and Functional Categories

Command Purpose
paz RFI mitigation

psradd Combine data in various way

pat Produce time of arrival estimates

pas Generate template profiles (standards)

pdmp Find optimal period and dispersion 
measure

rmfit Estimate the Faraday rotation measure



Inspecting Pulsar Archives: Pulsar Archive Editor, psredit



Inspecting Pulsar Archives: Pulsar Archive Editor, psredit

psredit pular.ar

❏ Viewing Metadata



Inspecting Pulsar Archives: Pulsar Archive Editor, psredit

psredit -c freq pular.ar

❏ Extracting Specific Parameters

psredit -c dm=10.4 -e newdm pular.ar

❏ Extracting Specific Parameters



Inspecting Pulsar Archives: psrstat



Inspecting Pulsar Archives: psrstat

psrstat -c snr -j TF pulsar.ar

❏ SNR of the time and frequency scrunched profile

psrstat -c "snr=pdmp" -c snr -j TF pulsar.ar

❏ pdmp method to calculate the SNR



Inspecting Pulsar Archives: vap



Inspecting Pulsar Archives: vap

vap -c nchan,nsub,nbin,length pulsar.ar

❏ Viewing parameters using vap

vap -E pulsar.ar

❏ Viewing the Folding Ephemeris



Inspecting Pulsar Archives: vap



Inspecting Pulsar Archives: psrplot



Inspecting Pulsar Archives: psrplot

psrplot -p flux -j FTD pulsar.ar -D /xs

❏ Pulse profile



Inspecting Pulsar Archives: psrplot

psrplot -p Scyl -j FTD pJ1903-7051_2022-07-17-22:44:02_zap.ar -D /xs

❏ Polarisation (Stokes) profile



Inspecting Pulsar Archives: psrplot

psrplot -p freq -j TD pulsar.ar -D /xs

❏ Phase vs. Frequency



Inspecting Pulsar Archives: psrplot

psrplot -p time -j FD pulsar.ar -D /xs

❏ Phase vs. Time



Inspecting Pulsar Archives: psrplot

psrplot -p freq+ -j TD pulsar.ar -D /xs

❏ Flux vs. Phase vs. Frequency



Inspecting Pulsar Archives: psrplot

psrplot -p flux -c chan=20 -j T pulsar.ar -D /xs

❏ t-scrunched profile of a particular chanel



Inspecting Pulsar Archives: psrplot

psrplot -p flux -c subint=100 -j F pulsar.ar -D /xs

❏ Plot the f-scrunched profile of a particular subint



Inspecting Pulsar Archives: psrplot

psrplot -p b -jT pulsar.ar -D /xs

❏ Cleaned bandpass



Inspecting Pulsar Archives: paz



Inspecting Pulsar Archives: paz

paz -r -e paz_median pulsar.ar

❏ Automatic Channel Zapping

psrplot -p freq -j TD pulsar.paz_median -D /xs



Inspecting Pulsar Archives: paz

psrplot -p freq -j TD,"zap median" pulsar.ar -D /xs

❏ Automatic Channel Zapping



Inspecting Pulsar Archives: pam



Inspecting Pulsar Archives: pam

pam --setnchn 64 -e nscrunched pulsar.ar

❏ Frequency Scrunching

❏ Time Scrunching

pam --setnsub 1 -e nsubint pulsar.ar



Inspecting Pulsar Archives: pam

pam -m -E pulsar.par -e parupdated -–update_dm pulsar.ar

❏ Update DM using Ephemeris file

❏ De-disperse with the header dms

pam -m -D pulsar.parupdated



Inspecting Pulsar Archives: pam



Inspecting Pulsar Archives: psradd



Inspecting Pulsar Archives: psradd

psradd -o combined.ar *. ar

❏ Combining Multiple Observations

psradd -F -o combined_freq.ar *. ar

❏ Frequency Integration

psradd -T -o tscrunched.ar *. ar

❏ Time Scrunch During Combination

psradd -P -o aligned.ar *. ar

❏ Phase Align Before Addition

Archive 1
(DM = 8.997)  

Archive 1
(DM = 9.010)  

psradd 

Output_archive
(DM = 8.997)  

Always verify that all archives use a 
consistent DM before combining.



Inspecting Pulsar Archives: pdmp



Inspecting Pulsar Archives: pdmp

pdmp -mc 64 -ms 16 pulsar.ar

❏ Dispersion Measure Optimization

This searches for:

❏ Optimal DM
❏ Best folding period



Inspecting Pulsar Archives: pdmp

pdmp -mc 64 -ms 16 -g /NULL pulsar.ar

❏ Dispersion Measure Optimization



Inspecting Pulsar Archives: pdmp

pdmp -g /NULL pulsar.ar

❏ Dispersion Measure Optimization



Inspecting Pulsar Archives: pat



Inspecting Pulsar Archives: pat

pat -j"F 16" -A FDM:mcmc=1 -f tempo2 -P -X '-sys GM_GWB_500_200_b1' 
-s pulsar.std pulsar.T.ar > pulsar.B3.tim

❏ Generating TOAs



Inspecting Pulsar Archives: pat

pat -j"F 16" -A FDM:mcmc=1 -f tempo2 -P -X '-sys GM_GWB_500_200_b1' 
-C "chan rcvr snr length subint" -s pulsar.std pulsar.T.ar > 
pulsar.B3.v1.tim

❏ Generating TOAs



Inspecting Pulsar Archives: PSRCHIVE python interface
import psrchive
import numpy as np
import matplotlib.pyplot as plt

# ==================================================
# Input Archive
# ==================================================

filename = "pulsar.ar"

# ==================================================
# Load Archive
# ==================================================
ar = psrchive.Archive_load(filename)

# ==================================================
# Standard PSRCHIVE Processing
# (similar to psrplot -p flux)
# ==================================================
ar.dedisperse()
ar.tscrunch()
ar.fscrunch()
ar.pscrunch()
ar.remove_baseline()

psrplot -p flux -j FTD pulsar.ar -D /xs



Inspecting Pulsar Archives: PSRCHIVE python interface
# ==================================================
# Extract Profile
#
# Data dimensions:
# [subint, pol, chan, bin]
#
# After tscrunch+fscrunch+pscrunch:
# [1,1,1,nbin]
# ==================================================
profile = ar.get_data()[0, 0, 0, :]

# ==================================================
# Remove residual offset
# ==================================================
profile = profile - np.median(profile)

# ==================================================
# Pulse Phase Axis
# ==================================================
nbin = len(profile)
phase = np.linspace(0, 1, nbin, endpoint=False)



Inspecting Pulsar Archives: PSRCHIVE python interface

# =========================================
# Plot
# =========================================
plt.figure(figsize=(10,4))
plt.plot(phase, profile, color='black', linewidth=1.2)
plt.xlim(0,1)
plt.xlabel('Pulse Phase')
plt.ylabel('Flux Density')
plt.tick_params(direction='in', top=True, right=True)
plt.tight_layout()
plt.show()

Using psrplot




