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Overview

First Direct Measurement

Lorentz Factor

𝛾 ~ 10!
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Highly Relativistic motion 

Relatively cold plasma 

𝛾 = 1 − 10"
Theoretical Predictions

Handbook of Pulsar Astronomy
(Lorimer & Kramer)



Introduction: Crab Nebula & Pulsar

Remnant of SN 1054
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PSR B0531 +21



Giant Radio Pulse Behaviour
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Jessner et al. 2005 Bochenek et al. 2020

Can reach brightness temperatures of 10!" K



Observations 400-800 MHz (CHIME Band) Baseband

Algonquin Radio 
Observatory (ARO)

Dominion Radio Astrophysical 
Observatory (DRAO)
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2015 
2018

46 m 



Interstellar Scattering
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Phase shift

Variations in electron density 𝑛# of size 𝑎

Model as bending by screen

𝛿

∝ 𝑓!"

Handbook of Pulsar Astronomy
(Lorimer & Kramer) Frequency dependent

Scattering 
Screen 



Scattering in Observations
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Crab Nebula

𝑑

𝛿

𝑑
𝑐𝑜𝑠𝛿

𝑐𝜏( =
𝑑

𝑐𝑜𝑠𝛿
− 𝑑 𝜏( ≈

𝛿)𝑑
2𝑐

𝛿 ∝ 𝑓*) 𝜏( ∝ 𝑓*!

𝜏(



Crab Giant Pulses at High frequencies

Hankins et. al 2016
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1-43 GHz         

“nanoshot” emission “spectral band” emission



Pulse Gallery and Categorization

Regular 

Double-Peak Partial 

Banded  Drifting  
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Observed shifts in frequency
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Ruling out other interpretations 
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Instrumentation effect?

Scattering Environment?

Scintillation?



Observed shifts in frequency
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𝑣⃗

S R
𝜃!

𝐷 =
𝑓+
𝑓(
=

1
𝛾(1 − 𝛽𝑐𝑜𝑠𝜃+)

𝛽 = 𝑣/𝑐

𝛾 =
1

1 − 𝛽!

Relativistic Beaming 

Doppler Shift

𝐿! = 𝐷"𝐿#

Small Angle Approximation

𝐷 =
𝑓+
𝑓(
≈

2𝛾
1 + 𝛾)𝜃+

)

𝛾 ≫ 1

Proposed Model – Doppler Shift
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Proposed Model – Doppler Shift + Scattering

𝑣⃗

S R
𝜃!

𝐷 =
𝑓+
𝑓(
≈

2𝛾
1 + 𝛾)𝜃+

)

𝛿

Scattering from Crab Nebula

𝜃+ ≃ 0

𝜃+ ≃ 1/𝛾

Center of beam

Edge of beam
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𝑣⃗

S R
𝜃!

∆𝐷
𝐷

=
Δ𝑓+
𝑓+

≈ 𝛾𝛿

𝛿

Proposed Model – Estimating Lorentz Factor

𝑑 ≃ 1 𝑝𝑐
(Lawrence et al. 1995, Martin et al. 2021)

𝜏 ≃ 0.5 𝑚𝑠

𝛿 ≃ 0.6′′

∆𝑓+
𝑓+

≃ 0.04

𝛾 ≃ 10!𝜏
∆𝑓!
𝑓!
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Does the model match the data?

Δ𝑓+
𝑓+

≈ 𝛾𝛿 𝛿 ∝ 𝑡
Δ𝑓+
𝑓+

∝ 𝑡

Data Model Residual

𝑎 ≃ 0.028
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Does the model match the data?
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𝑣⃗

S R
𝜃!

∆𝐷
𝐷

=
Δ𝑓+
𝑓+

≈ 𝛾𝛿

𝛿

Proposed Model – Range in Lorentz Factor

𝑑 ≃ 1 𝑝𝑐

𝛾 ≃ 10!

Δ𝜈 ≃ 20 MHz

Relatively cold plasma
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Alternative Interpretations 

Interference between multiple nanoshots

Figure Credit: Wenbin Lu

𝛿𝛿 ≃ 0.6′′
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Implications + Model Predictions

• Different scattering geometries – upward + downward drift

• Small range in 𝛾 – cold plasma

• Boost in intensity in scattering tail by ~10%

• Physical separation 20 lt-ns 

𝑑

𝛿
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Implications for FRBs?

Hessels et al. 2019
CHIME 2019
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Crab Giant Pulses at High frequencies

Hankins et. al 2016
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1-43 GHz         



Next Steps

• Look for more “drifting” pulses – CHIME, LOFAR

• Lower frequency data where change in viewing angle is larger

• Downward drift or boosting?

• Statistical analysis of giant pulse characteristics

• FRBs with large scattering
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Summary

Crab Pulsar

400-800 MHz
Doppler Shift

Scattering screen 

Lorentz Factor

Direct Measurement

𝐷 =
1

𝛾(1 − 𝛽𝑐𝑜𝑠𝜃!)

𝛾 ~ 10!

𝛾 = 1 − 10"
Theoretical Predictions
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Thank you!

Any questions?



Appendix – Gain Correction and Flux Calibration



Appendix – Pulse Categorization



Appendix - Ruling out other physical interpretations 

• Interplanetary Scintillation

o Expected De-correlation bandwidth 500 MHz

• Interstellar Scintillation

o Expected De-correlation bandwidth 30 kHz

o Not a point source



Appendix: Drifting Pulse Before de-dispersion


