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CHIME/FRB Detection of the original reacting fast radio burst source FRB121102

+ very briefly…

The dispersion and rotation measure of supernova remnants and magnetised stellar winds: application 
to fast radio burst - Piro & Gaensler 2018 [1804.01104]

Fast radio burst as synchrotron maser emission from decelerating relativistic blast waves 
- Metzger et al. 2019 [1902.01866]

On the time-frequency downward drifting of repeating fast radio bursts - Wang et al. 2019 
[1903.03982]
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What is a FRB ? What we know…
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Figure 1: Waterfall plot showing radio frequency versus time (lower panel) for the original FRB 010724 in the main
beam of the telescope. The upper panel shows the de-dispersed pulse after appropriately delaying the filterbank
channels to account for the inverse frequency squared behaviour seen below. Also evident in these figures is the
o↵set level of the baseline noise prior and following the pulse. This is due to nature of the integrating circuit
employed in the single-bit digitizers by this extremely bright pulse and was not shown in the original discovery
paper [2]. Figure credit: Evan Keane.
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New astrophysical radio transient events :


• Short radio pulses (≈ms)


• Broad frequency band emissions 


• Highly dispersed in arrival times 
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can be related to distances

Lorimer burst

FRB 010724 - Evan Keane from Duncan R. Lorimer 2018
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“Canonical” chirp

• Scattering effects (turbulences)

• Dispersion effects (propagation)

�t / ⌫�4
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• More than 100 events published now (http://www.frbcat.org) and ≈ 700 unpublished yet by CHIME


• 18 Repeaters events (121102-Arecibo repeater, 180814 -CHIME, etc..)


• FRB fluencies up to 420 Jy.ms and steep spectra (ASKAP)


• Observations from 8 GHz down to 400MHz

Figure 2: Dispersion measure (DM) versus Galactic latitude (b) showing pulsars (small dots) and Fast Radio
Bursts (larger blobs). The clear 1/ sin(b) dependence of DM with b for pulsars as a result of the finite size of the
electron layer is evident. Also seen are faint excesses of pulsars in the Large and Small Magellanic clouds. For
FRBs, whose DMs are not dominated by Galactic electrons, no such trend is seen.

– the Australian Square Kilometre Array Pathfinder[28, 29] and, most recently the Canadian HI Intensity
Mapping Experiment (CHIME)[30]. As shown in Fig. 2, the anomalously high dispersion of this sample of
FRBs is a defining trait, clearly representative of a di↵erent population compared to Galactic pulsars and
RRATs.

In an analogous way to how distances to pulsars are estimated from their DMs, which make use of a
model for the free electrons in the Galaxy[19], redshifts of FRBs, z, can be estimated from a model of
the distribution of electrons which turns out to be dominated by those spanning intergalactic distances.
As a very crude rule of thumb[31], z ⇠ (DM/1000 cm�3 pc), so for typical FRBs with DMs in the range
200–2600 cm�3 pc, we infer redshifts in the range 0.2 < z < 2.6. We stress that this calculation uses an
estimate of the redshift rather than a direct measurement which has up to now only been possible for one
source, FRB 121102, discussed further below. However, with these caveats in mind, for a canonical FRB
with DM = 1000 cm�3 pc with a peak flux density of a jansky and a width of 5 ms, one can infer a co-moving

4

Distinct from giant radio pulses (pulsars)

Pulsars

FRBExtragalactic origin (most likely):


• Large DM


• High galactic latitude


• Isotropic distribution over the sky

Champion et al., 2016 

3

What is a FRB ? What we know…

http://www.frbcat.org
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What is a FRB ? What we don’t (really) know

4

Majors unknowns:


• Existence at low frequencies (below 400MHz)


• Behaviour at low frequencies (turnover ? cutoff ?)


• Polarisation measurements (few stats) consistent with circular/linear and even unpolarised so far…


• High and low rotation measures (RM) found (few stats)…


• Pulse profiles may present in some cases: double/triple peaks + complex substructures and drift 

features, no real rules…


• DM and scattering fluctuations (event to event)


• Population rate and spectra


• Repeater/non repeater (periodicity?)


• Counterparts
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What is FRB121102 ?

Draft version June 28, 2019

Typeset using LATEX preprint style in AASTeX62

CHIME/FRB Detection of the Original Repeating Fast Radio Burst Source FRB 121102
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ABSTRACT

We report the detection of a single burst from the first-discovered repeating Fast
Radio Burst source, FRB 121102, with CHIME/FRB, which operates in the frequency
band 400–800 MHz. The detected burst occurred on 2018 November 19 and its emission
extends down to at least 600 MHz, the lowest frequency detection of this source yet. The
burst, detected with a significance of 23.7�, has fluence 12±3 Jy ms and shows complex
time and frequency morphology. The 34 ms width of the burst is the largest seen for this
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https://arxiv.org/pdf/1906.11305.pdf Josephy A. et al, ApJL 882, 2, 2019

First  FRB repeater discovered

• Very high Faraday rotation ~105 rad/m2 → extreme 

magneto-ionic environment


• Upper limit on scattering timescale ~1.5ms @1.5GHz


• Present complex burst morphologies:


- highly variable spectra


- sub-burst with frequency drift in time

• Hosted in a dwarf galaxy at z=0.2

• Co-located with a persistent radio source

Chatterjee et al 2017

Observed so far only between 8GHz and 1GHz

until

https://arxiv.org/pdf/1906.11305.pdf
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What is the Canadian Hydrogen Intensity Mapping Experiment (CHIME) ?

The CHIME/FRB Collaboration. Observations of fast radio bursts at frequencies down to 400 megahertz. Nature 

Dominion Radio Astrophysical Observatory (near Penticton, British Columbia)

4 N-S cylinder reflectors (20mx200m)

Each cylinder:

• 256 equi-spaced antennas feeds

• digitisers accords 400-800MHz

Each beam:

• 16384 frequency channels

• sampling at 1 ms

On-site correlator for the 2048 
dual polarisation

1024 independent beams

16000 frequency channels over 400MHz bandwidth 

→ 25kHz frequency resolution for a ~1ms time resolution
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Figure 1. Timeline of CHIME/FRB’s daily exposure to FRB 121102 within the FWHM of the telescope’s synthesized

beams at 600 MHz. The reduction in daily exposure starting 2018 December 7 is due to failure of the computing node

responsible for processing one of the four FFT-formed beams through which the source transits. The RMS noise is

estimated relative to that for the day of detection of the FRB 121102 burst using pulsars detected by CHIME/FRB

with the marker colors denoting the number of pulsars used for the estimate. The errors on the relative RMS noise

account only for the day-to-day sensitivity variation and are not representative of the overall error on the fluence

threshold. See §2.5 for a description of how the fluence threshold and the corresponding error were determined.

data from the CHIME/Pulsar instrument , obtained simultaneously with CHIME/FRB, in which the
burst also appears.

2. OBSERVATIONS AND ANALYSIS

2.1. CHIME/FRB Detection

The CHIME/FRB instrument has been described in an overview paper in which the CHIME tele-
scope, FRB detection instrument, and pipeline are described in detail (CHIME/FRB Collaboration
et al. 2018). During the interval from 2018 July 25 to 2019 February 25, CHIME was in a commis-
sioning state in which various components of the instrument were being tested, with software and
calibration systems being updated and improved frequently. Although the CHIME/FRB system was
operational starting 2018 July 25, the beam configuration for the months of July and August rendered
FRB 121102 undetectable as it did not transit within the FWHM region of any of the FFT-formed
beams at 600 MHz. Following a system reconfiguration on 2018 September 4, we were sensitive to
FRB 121102 for a total of 11.3 hours, as shown in Figure 1. We truncate our reported exposure on
2019 February 25, when we brought the CHIME/FRB system down for pipeline updates and testing.
The telescope sensitivity was known to be varying from day to day during the interval due primarily
to changing gain calibration strategies, but also due to a variety of issues that, once recognized, were
rectified. Overall, we determine the median sensitivity to be 7 +7

�4 Jy ms, for a burst width of 34 ms
(see §2.3), during on times shown in Figure 1. Further details regarding the sensitivity estimate are
provided below (see §2.5).

The burst was detected and associated with FRB 121102 by our automated FRB-detection pipeline
on 2018 November 19, at 09:38:47.706 UTC (topocentric, 600 MHz), when our threshold for saving

CHIME detection of FRB121102

A total of 11.3 hours of observation for FRB121102

Burst width ~34ms (~5ms for ARECIBO @1.5GHz)

Burst fluence ~ 12 Jy (<1Jy for ARECIBO)

Observation mode of CHIME: transit of source over one of the beams
Day to day variations monitored with galactic pulsars

transits

pulsars in the beam
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bu↵ered intensity data was signal-to-noise ratio, S/N=10. The nominal pipeline detection S/N for
the event was 23.7, and so intensity data were saved. The event was detected in a single beam whose
central pointing position is consistent with the known position of FRB 121102 (Chatterjee et al. 2017),
as shown in Figure 2. This, and the similarity in nominal pipeline DM of 565 pc cm�3 to previously
published values (⇠559 pc cm�3; Scholz et al. 2016), assured us of the event’s identification.

Figure 2. Detection location and transit sensitivity for FRB 121102. The color scale reflects sensitivity variation

in the four beams relevant for detection. Crosses indicate beam centers, with the largest cross denoting the detection

beam center. The true location at the time of burst detection is indicated with a diamond. Protrusions on the left are

caused by east-west aliasing of the synthesized beams on the right. The intersection of the transit with the FWHM at

600 MHz for each beam (indicated with thick black lines) is used for exposure calculations.

The saved intensity data, having 16k frequency channels each at 0.983-ms time resolution, allowed
us to produce a “waterfall plot”, as shown in Figure 3. A complex burst morphology is seen, both
in time and in radio frequency. Note that correcting for CHIME’s bandpass response is a work in
progress, and is complicated by a declination-dependent ⇠30-MHz ripple due to multiple reflections,
declination-specific ⇠7-MHz ripple due to FFT beamforming (Ng et al. 2017), as well as additional
rippling due to the use of a polyphase filterbank algorithm and FFT upchannelization for defining our
frequency channels (CHIME/FRB Collaboration et al. 2018). Bandpass-calibrated data are shown
in the bottom subplots of Figure 3. The conversion from instrumental units to fluence is discussed
in §2.4. Emission is clearly detected down to ⇠600 MHz, by far the lowest yet seen for this source.
Moreover, it also appears to be band-limited, with no emission seen below this value, in spite of good
sensitivity down to 400 MHz.

SNR = 23.7

Transit of FRB121102 seen in only one beam
Beam “pointing” to known position of FRB121102

CHIME detection of FRB121102

CHIME (obviously)

Beam

apparent motion

source

Primary lobs
Secondary lobs
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563.6 pc cm�3

/ S/N

⌫c = 631(3) MHz
�⌫ = 101(10) MHz

CHIME/Pulsar
563.6 pc cm�3

/ S/N

⌫c = 633(4) MHz
�⌫ = 103(13) MHz

CHIME/FRB
563.6 pc cm�3

/ fluence

⌫c = 631(3) MHz
�⌫ = 100(7) MHz

CHIME/FRB
560.6 pc cm�3

/ fluence

⌫c = 635(2) MHz
�⌫ = 91(7) MHz

Figure 3. Signal intensity as a function of frequency and time (“waterfall”) plot of the CHIME/FRB (upper

left and lower two) and CHIME/Pulsar (upper right) detections of FRB 121102. Data have been dedispersed to the

structure-optimizing DM of 563.6 pc cm�3, except for the lower right subplot, which is dedispersed to the nominal

September 2016 value of 560.6 pc cm�3 (Spitler et al. 2016). Data plotted here are downsampled to a frequency

resolution of ⇠3 MHz and a time resolution of ⇠2 ms. For the upper subplots, the greyscale reflects S/N of the

source dynamic spectrum without explicit bandpass correction. Each channel is independently normalized according

to statistics of the o↵-pulse regions (delineated by vertical dashed lines in top panel). In the lower subplots, bandpass

calibration has been applied, and the greyscale reflects fluence. Note that bandpass correction is a work in progress

and is complicated by multiple factors — see text for details. The red lines at the left sides of plots represent radio

frequencies masked prior to analysis, while horizontal white stripes show the full extent of frequencies removed after

all interference rejection. The right panel is the projected on-pulse spectrum. Strong (order 1) instrumental variations

in bandpass are visible in the uncorrected subplots. The blue line is the best single-Gaussian-fit to the spectrum

(annotated with center frequency and FWHM). The top panel contains the total pulse profile after summing over the

frequency channels that bracket the burst (delineated with horizontal dashed lines in right panel; 550�730 MHz).

Waterfall plots of CHIME/FRB121102 burst

DM search → 563.6 pc.cm-3 standard DM → 560.6 pc.cm-3

SNR

Fluence
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Figure 3. Signal intensity as a function of frequency and time (“waterfall”) plot of the CHIME/FRB (upper

left and lower two) and CHIME/Pulsar (upper right) detections of FRB 121102. Data have been dedispersed to the

structure-optimizing DM of 563.6 pc cm�3, except for the lower right subplot, which is dedispersed to the nominal

September 2016 value of 560.6 pc cm�3 (Spitler et al. 2016). Data plotted here are downsampled to a frequency

resolution of ⇠3 MHz and a time resolution of ⇠2 ms. For the upper subplots, the greyscale reflects S/N of the

source dynamic spectrum without explicit bandpass correction. Each channel is independently normalized according

to statistics of the o↵-pulse regions (delineated by vertical dashed lines in top panel). In the lower subplots, bandpass

calibration has been applied, and the greyscale reflects fluence. Note that bandpass correction is a work in progress

and is complicated by multiple factors — see text for details. The red lines at the left sides of plots represent radio

frequencies masked prior to analysis, while horizontal white stripes show the full extent of frequencies removed after

all interference rejection. The right panel is the projected on-pulse spectrum. Strong (order 1) instrumental variations

in bandpass are visible in the uncorrected subplots. The blue line is the best single-Gaussian-fit to the spectrum

(annotated with center frequency and FWHM). The top panel contains the total pulse profile after summing over the

frequency channels that bracket the burst (delineated with horizontal dashed lines in right panel; 550�730 MHz).

Waterfall plots of CHIME/FRB121102 burst

broad frequency emission

narrow impulsion

cut-off below ~600MHz

RFI mitigation

DM search → 563.6 pc.cm-3 standard DM → 560.6 pc.cm-3

SNR

Fluence
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Burst morphology analysis

The broad pulse structure might be caused by a combination of sub-burst drifting and scattering

Method:

• DM search to optimise the drift of sub-structures 

• Pulse shape fit

Idea: assume all morphology is caused by sub-burst drifting → burst model includes sub-burst and 
scattering

Time

In
te

ns
ity

Freq
uen

cy

frequency drift

total seen burst
sub-burst drifting main component
sub-burst drifting secondary component
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Figure 4. Structure-optimizing DM method. The main panel shows the signed square (n = 2) of the forward

time-derivative of the smoothed DM transform (DMT), where the color scale reflects the local steepness of frequency-

averaged burst profiles for di↵erent DMs. While absolute values are taken for the final metric, we show the sign to

highlight rising and falling regions. Likewise, we show n = 2 to highlight structure beyond a singular sharp rise. The

curves in the right panel are high-order polynomial fits to time-averaged time-derivatives to the power n, normalized

to DM 563.6 pc cm�3. Dashed lines correspond to the DMs used to produce the six frequency-averaged burst profiles

at the top, with the structure optimizing DM indicated in bold. Note that the profiles have been convolved with a

3-ms boxcar to match the smoothing used on the DM transform prior to taking the time-derivative.

We note that the S/N of our data and the complex bandpass function do not allow us to robustly
search for evidence of di↵ractive scintillation in the spectrum.

DM search for optimising the drift of sub-structures

Idea: make small structure more visible by playing with DM values around the detection DM value

Structure optimised DM = 563.6 → ~1% higher than previous known DM for FRB121102 (ARECIBO)

Forward derivative of the 
dedispersed time series

d

dt
DMT
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Rising VS falling regions

The order of n (4, 2, 1) allows to select sharp rises or multiple peaks → maximum gives DM structure 
optimised value

Colour highlight the steepness
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Figure 5. Auto-correlations of the burst emission region. Bottom left (gray): the dedispersed dynamic spectrum

with a frequency resolution of ⇠3 MHz and time resolution of ⇠3 ms (corrected for the e↵ective bandpass). Bottom

right (red): the 1D auto-correlation of every time series shows the characteristic width of the sub-bursts for di↵erent

frequencies. Top left (blue): the 1D auto-correlation of every spectrum shows the characteristic sub-burst bandwidth

for di↵erent times. Top right (purple): the 2D auto-correlation shows the self-similarity of the burst and the sub-burst

drift rate, obtained by fitting a 2D Gaussian (FWHM indicated in black). Summed auto-correlations, with colors

corresponding to the images, are shown in the panels on top and at the right. Note that structure in the projected 1D

time auto-correlation is largely instrumental.

2.4. Burst Fluence Determination

The burst was detected during the commissioning phase of the CHIME/FRB system. We therefore
adopt the same method to estimate its fluence as in CHIME/FRB Collaboration et al. (2019a). We
used the observation of 3C 48 (which has a declination within 0.1� of FRB 121102) on 2019 November
18 for calibration and obtained a flux conversion factor as a function of radio frequency to account for
the telescope primary beam. We assessed the uncertainty on the fluence in the same way as described
in CHIME/FRB Collaboration et al. (2019a). Here, we used 9 bright sources within 1� (instead of 5�)
elevation angle. Since we estimated an uncertainty on the flux as a function of frequency using the

Pulse shape fit

Idea: Fit the pulse components using the optimised DM

Dedispersed spectrum

Clean frequency band selected: 580-725MHz

2D autocorrelation: 

- frequency drift ~-3.9MHz/ms

- burst envelope width~33.7 ms and frequency 

width ~87MHz

- sub-burst width~26.9 ms and frequency width 

~71MHz

Gaussian profiles assumed

However excluded frequencies may hide more signal which can significantly changes these results in 
addition the bandpass correction is still under improvements…
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Parameter Global Parameters

Dispersion Measure (pc cm�3) 563.6

Dispersion Index �2

Scattering Timescale (ms; referenced to 1 GHz) 0.27(11)

Scattering Index �4

Parameter Component 1 Component 2 Component 3

Arrival time relative to first component (ms) 0(2) 8(2) 27(2)

Amplitude (Jy) 0.6(2) 2.4(3) 0.7(4)

Time Width (ms) 3.1(5) 10.1(9) 7(2)

Frequency Width (MHz) 26(4) 33(4) 18(8)

Frequency of Peak Emission 684(4) 644(6) 612(10)

Table 1. Best-fit Gaussian components for dynamic-spectrum substructure of FRB 121102. Quoted un-
certainties represent 68.3% confidence intervals. Values that were fixed during model fit are listed without
uncertainties.

calibration sources, we have an upper and lower bound for each intensity value in the band-averaged
profile, hence, an upper and a lower bound profile. We measured the uncertainty on the burst fluence
by measuring the average area between the two profiles. Since we were operating in a commissioning
phase, a large fraction of the bandwidth was unusable for estimating the fluence for the same reasons
described in CHIME/FRB Collaboration et al. (2019a). Overall, we estimated the burst fluence to
be 12 ± 3 Jy ms, measured over an e↵ective total bandwidth of 255 MHz in the range 400–800 MHz.
We stress that uncertainty in our fluence measurement is systematics dominated, and is expected to
improve as our beam model and calibration techniques mature. The detection S/N (23.7�) should
be taken as the best representation of detection significance.

2.5. System Sensitivity Estimate

In determining sensitivity to FRB 121102 over the course of our exposure, we characterize three
potential sources of variability: (i) day-to-day instrument gain variations, (ii) changing source position
within the synthesized beams, and (iii) di↵erent emission bandwidths and frequency centers within
the instrument bandpass.

To capture (i), the day-to-day gain variation, we identified Galactic radio pulsars within 5� dec-
lination of the source, which were detected by CHIME/FRB on at least 20% of the days between
2018 July 25 and 2019 February 25. For the purpose of this analysis, we identify a pulsar detection
as robust if at least 5 pulses with S/N > 8 were observed on each day within the FWHM region
for the FFT-formed beams at 600 MHz. We use the distribution of measured S/N values for these
pulses to estimate the RMS radiometer noise, Tsys/(G

p
np�⌫tsamp), where Tsys is the system tem-

perature, G is the telescope gain, np is the number of summed polarizations, �⌫ is the bandwidth,
and tsamp is the sampling time. In contrast to the approach used for estimating the RMS noise in our
previous work (CHIME/FRB Collaboration et al. 2019b), we do not directly compare the measured
S/N for each pulsar with its catalogued flux density. This is to avoid underestimating the sensitivity
in the presence of RFI excision algorithms which cause bright pulsars to be detected with reduced
S/N or overestimating it for pulsars for which CHIME/FRB is sensitive only to the tail of the flux
distribution and the catalogued flux density is not representative of that observed.

Pulse shape fit second methods

Idea: Perform a SNR optimising search directly on raw data

Method: least-square algorithm from CHIME/FRB coll. 2019a

- fit gaussians spectral components against the 16k frequency channels

- Set DM and scattering time as global parameters

3 components are favoured

with no significant scattering (3-sigma 

upper limit of 9.6 ms @500MHz)

/ ⌫�2
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and

A frequency drift rate of -2.1 MHz is found which is consistent with the previous methods
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Burst fluence determination and burst rate in the 400-800MHz bandwidth

Calibration done using the observations of 3C 48 which is within 0.1° declination of FRB121102 and 
uncertainty estimated using 9 other bright sources within 1° declination

Burst fluence of ~12 Jy.ms (<1Jy for ARECIBO) measured over and effective bandwidth of 255MHz out 
of 400MHz-800MHz

From a total of 11.3h of observations with a 90% Poisson uncertainty on the single detected burst of 
0.05-4.7 bursts → 0.1-10 burst per day

(since FRB121102 is non Poissonian, this is to consider as a rough approximation)



Valentin Decoene CHIME FRB121102 - MMA APC/IAP 16

System sensitivity estimates (overview)

1) day-to-day instruments gain variations

2) changing source position within the synthesised beams

3) different emission bandwidths and frequency centres within the instrument bandpass

monitor bright galactic pulsars within the beam location

model the sensitivity variation across the beam (description of FFT formed beams 
+ ray tracing computations)

• from calibration process, use the beam-former-to-jansky conversion 

• simulate gaussian profiles with a SED summed over all the frequencies 

• convolve the two above to get a relative SNR scale factor for different 

emission bandwidths and central frequencies

• draw from a Monte-Carlo simulation the fluence threshold for some possible 

burst taking into account the exposure at a given day and the sensitivity 
thanks to the pulsars study and the transit effects along the beams

Generate

events Instrument response +

exposure 

+sensitivity of the day

emission bandwidth

+transit across the beam

= fluence threshold

Very schematic:

repeat 106 times

1) ~1, 2) ~0.7 and 3) ~0.9 Jy.ms
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Discussion

Constraints on possible frequency cut-off: for exemple free-free 
absorption at the source must be below 720MHz (corrected for 
redshift)

A 1% higher DM is inconsistent with any Milky-way electron column density 
enhancement (from pulsars measurements) and it is very unlikely that inter-
galactic medium changes so much → local source change

Young compact object inside a super-nova remnant as predicted by Piro&Gaensler 2018 expect much 
smaller changes in DM

The synchrotron-maser model (magnetar) from Metzger et al 2019 predict stochastic DM variations but 
this kind of high DM changes are expected at higher frequencies

Low frequency observations:

DM measurements:

New constraints for theoretical models
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Discussion

FRB121102 shows burst with peaked spectral energy distributions exhibiting emission 
bandwidths that appear to be proportional to frequency ~0.15 (CHIME)

• Depending on the number of sub-bursts, the SNR VS DM curve can peak beyond 
reference values obtained with structure optimising methods 


• In addition the curve will flatten as the number of sub-bursts and envelope width 
increases

Burst morphology:

If this is true for all frequencies then we expect to have 12MHz bandwidth at 80MHz (NenuFAR FRB 
pilot program)

flat curves are characteristics features of RFI → target search based on SNR in the DM-time plane 
gets more tricky

New constraints for observations at low frequency

Fluence spectra:
If we compare measured fluence at 1.5GHz ~0.3 Jy.ms to fluence at 400MHz ~12Jy.ms

we have a spectral index of -2.8 assuming a power law

expected fluence at 80MHz ~1000Jy…
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ponent widths, the sensitivity to drift rates also largely depends on the number of components and
their S/N). CHIME/FRB (BW=400 MHz; ts ⇠ 1 ms) is thus sensitive to linear drift rates up to
⇠ �400 MHz/ms and from the Arecibo and GBT data sets (�fc ⇠ 1 MHz) drift rates as low as
⇠ �1 MHz/ms would likely be measurable — making all observations sensitive to a wide range of
linear drift rates. If the apparent linear trend in Figure 6 were to hold down to the LOFAR band,
the drifting rate would naively be positive, +61 MHz/ms at 150 MHz. This would be di�cult to
observe if bursts have small fractional bandwidths as discussed above, and certainly if bursts are
heavily scattered as expected in the LOFAR band.
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Figure 6. Comparison of FRB 121102’s CHIME/FRB burst drift rate with rates measured by Hessels et al. (2018)

at higher observing frequencies. Where multiple bursts are detected with the same instrument (at 1.4 and 2.0 GHz),

the weighted average and standard deviation are taken at the central frequencies of the receiver bandwidth and error

bars reflect the scatter in the measurements, while the error bars at 600 MHz and 6.5 GHz reflect the measurement

errors. Over this frequency range, the drift rate evolves roughly linearly with ⇠ �150 MHz/ms/GHz.

The upper limit on the scattering time at 500 MHz (§2.3) in our burst detection implies a 3�
upper limit of 0.6 ms at 1 GHz, which is unremarkable in the FRB population (see e.g. CHIME/FRB
Collaboration et al. 2019a). Indeed this upper limit is significantly higher than the scattering time
measurements we have made for other CHIME/FRB events. Relevant here is sub-burst structure
and the overall width of the FRB 121102 burst we have detected, 34 ms, much greater than those of
our other reported FRBs, for which much shorter scattering times were measurable. In any case, our
upper limit at 1 GHz is two orders of magnitude higher than the scattering time at 1 GHz (24 µs)
inferred from the scintillation bandwidth at 5 GHz (Michilli et al. 2018), and provides no evidence
for a second screen as observed, e.g., by Masui et al. (2015).

4. CONCLUSIONS

We have detected a single burst from the original repeating FRB 121102 using the commissioning
CHIME/FRB system. Our detection represents the lowest radio frequency at which the source

19

Discussion

might be explained by plasma gradient from the emitting region, e.g. from blast wave 
decelerations (Metzger et al 2019) or in the propagation from high to low curvature regions of 
bunches of charges particles (Wang et al. 2019)

These models derive a relation between  drift 
rates and frequency 

⌫̇obs / ⌫↵obs
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⍺ depends on the specific of the progenitor

Here ⍺ ~1seems to fit the data

As a consequence around 80MHz we should 
expect a drift rate ~176MHz/ms

Which makes it very difficult to observe in particular if we add the scattering effects

Finally scattering measurement provide no evidence of second screen as observed by Masui 
et al 2015

Linear drift rate:



Valentin Decoene CHIME FRB121102 - MMA APC/IAP 20

Brief discussion on FRB models

Fast radio burst as synchrotron maser emission from decelerating relativistic blast waves 
- Metzger et al. 2019

Synchrotron maser emission at ultra-relativistic magnetised shocks, such as produced by flare ejecta 
from young magnetars.
Combine synchrotron maser emission with the dynamics of self-similar shock deceleration.

Deceleration of the blast wave, ad increasing transparency of the upstream medium, generates a 
temporal decay of the peak frequency, similar to the observed downward frequency drift seen in the 
sub-bursts. 4
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Figure 1. Radial scales and physical processes surrounding a repeating FRB source as described in this paper. The central engine releases an ultra-relativistic
shell of energy E , duration �t . 1 ms, and radial width c�t, which collides with a mildly-relativistic magnetized ion-electron shell of velocity vw , baryon
density next / r�k , magnetization � ⇠ 0.1 � 1 and total width vw�T , as released following the previous major flare a time �T ago. The shell decelerates
through reverse and forward shocks (§2), the latter of which produces the observed coherent radio emission (fast radio burst) through the synchrotron maser
mechanism (§3; Fig. 2). The upstream magnetic field ÆB is wrapped in the toroidal direction perpendicular to the rotation axis ⌦ of the central engine, resulting
in linear polarization of the FRB emission along the direction of ⌦. The radio pulse is attenuated in the ion shell by induced Compton scattering at low
frequencies ⌫ < ⌫max (§3.1; eq. 47). As the blast wave decelerates, the decreasing Lorentz factor � of the shocked gas and the reduced scattering optical
depth of the upstream medium results in a downward drift of ⌫max over the duration of the observed burst (Fig. 4). The forward shock also heats electrons to
ultra-relativistic temperatures, powering (incoherent) synchrotron X-ray/gamma-ray emission, similar to a gamma-ray burst afterglow (§4; Fig. 8). On larger
scales, the train of ion shells from consecutive flares merges into a wind that feeds the nebula through a termination shock. Electrons injected at the termination
shock powers the persistent radio source and (after cooling) generates the large rotation measure of the bursts. Stochastic or secular variation in the burst DM
can also arise from the ion shell (on timescales of �T . days) or from photo-ionization of the supernova ejecta by the flare X-rays (on timescales of the source
age of years to decades).

Oppermann et al. (2018) found a mean repetition rate of
5.7+3.0

�2.0 bursts per day for FRB 121102, corresponding to an av-
erage interval �T ⇠ 10

4 s. The repetition pattern is non-Poissonian
(Oppermann et al. 2018), indicating that the bursts are often clus-
tered in time such that �T can be substantially shorter (e.g. 6 of
the 11 bursts from Spitler et al. (2016) were detected within a 10
minute period), with median intervals between flares of hundreds of
seconds (see also Katz 2018; Li et al. 2019 for detailed analysis).
However, weighted by radiated energy, the luminosity function of
FRB 121102 is dominated by the rare highest fluence bursts, which
take place at a rate . 1 day�1 (�T & 10

5 s; e.g. Nicholl et al.
2017; Law et al. 2017). The total energy available between each
strong flare is then

Etot ⇠ (EB?/tlife)�T ⇠ 10
45 � 10

46
erg. (1)

In our scenario, this energy is shared between at least one
"clean" initial ultra-relativistic �ej � 1, potentially highly-
magnetized � � 1 pulse of energy E at the beginning of the
flare responsible for the powering the FRB (Lyubarsky 2014; Be-
loborodov 2017) and a more prolonged phase of ion-loaded mass-
loss which emerges with a sub-relativistic velocity �w = vw/c . 1

and lower magnetization � . 1. The latter forms the upstream

medium into which the clean pulse from subsequent flares collides,
as well as feeds the nebula electrons to power the persistent radio
source and generate its high RM (Margalit & Metzger 2018).

While the physical mechanism, and thus the time-dependence,
of the ion mass loss is theoretically uncertain, for FRB 121102 the
time-averaged ion injection rate €M at the present epoch is con-
strained to be ⇠ 10

19 � 10
21 g s�1 (Margalit & Metzger 2018).

The kinetic energy carried by the ion ejecta of each major flare,

Ew ⇠ ( €Mv2
w/2)�T ⇠ 10

46
erg €M21�T5

✓
�w
0.5

◆2

, (2)

is therefore within the magnetar’s budget, ⇠ Etot (Margalit & Met-
zger 2018). Here and hereafter we employ the short-hand notation
qx = q/10

x in cgs units, e.g. €M21 = €M/(10
21 g s�1).

We consider two limits for the time-dependence of the ion-
electron wind. First, if the ions were to emerge from the magnetar
isotropically at a strictly constant rate, then the radial density profile
would be that of a steady wind,

next =
€M

4⇡vwr2mp
steady wind (k = 2). (3)

Perhaps more realistically, the ions are released in temporally-

MNRAS 000, 000–000 (0000)

synchrotron emission “leads” to a 
population inversion in a part of the 

medium giving a maser like emission

but the lack of resonant cavity result in 
a lack of spatial coherence and purity 

mode…
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The dispersion and rotation measure of supernova remnants and magnetised stellar winds: application 
to fast radio burst - Piro & Gaensler 2018

In the context of young compact objects models of FRB the super nova ejecta and stellar winds 
provide a changing dispersion measure (DM) and rotation measure (RM) that can potentially probe the 
environments of FRB progenitors.

The amount of ionised material is controlled by the dynamics of the reverse shock → DM can be 
constant or even increase as the super-nova remnant sweeps up material.

2

Neutral, recombined
supernova ejecta

Unshocked ISM

Shocked ISM

Shocked SN ejecta Rb

Rc

Rr

FIG. 1.— Schematic showing the main regions of focus for the SNR. The
key radii are at the positions of the reverse shock Rr (white dot-dashed line),
contact discontinuity Rc (black solid line), and the forward shock or blast
wave Rb (black dashed line). The main ionized regions, which can contribute
to the DM and RM of an FRB, sit between Rr and Rb. These are composed
of (1) the shocked SN ejecta (between the radii of Rr to Rc) and (2) the
shocked ISM (between the radii of Rc to Rb).

Motivated by these issues, we investigate in further detail
the DM and RM seen for an FRB and their time evolution
due to an SNR and its environment. In Section 2, we con-
sider the contributions of the SNR and a constant density in-
terstellar medium (ISM), from the blast wave through Sedov-
Taylor phases of evolution. In Section 3, we instead consider
a magnetized stellar wind environment and highlight the dis-
tinct DM and RM evolution. We discuss the implications of
these results for observations of FRBs in Section 4, and con-
clude with a summary of our work in Section 5.

2. CONSTANT DENSITY ISM

We first describe the evolution of an SN expanding into a
constant density ISM. The mass distribution can be roughly
divided into four regions that are summarized in Figure 1.
These are, in order of increasing radius: (1) neutral, recom-
bined SN ejecta, (2) shocked SN ejecta, (3) shocked ISM ma-
terial, and (4) unshocked ISM. These are separated by three
key radii: (1) the reverse shock, at radius Rr, (2) the contact
discontinuity between the SN ejecta and ISM, at Rc, and (3)
the forward shock or blastwave radius, at Rb. To understand
FRBs propagating through this material from an embedded
central neutron star, we focus on the two shocked, ionized re-
gions that provide sufficient free electrons to significantly dis-
perse the FRB signal (the region betweenRr and Rb in Figure
1). In particular, in this work we make a better distinction be-
tween Rc and Rb in comparison to Piro (2016). An additional
source of ionized material comes from the pulsar wind nebula
located near the center of the SNR. Even though the amount
of ionizing emission can be especially strong in the case of a
highly magnetized neutron star (Metzger et al. 2017), it still is
a small contribution in comparison to the outer shocked ma-
terial, and so we save a detailed study of this for future work.

As the SN ejecta expand, they roughly evolve through

two stages. This is summarized by the approximate an-
alytic functions provided in Table 1 (from the work of
McKee & Truelove 1995; see also the plotting of these func-
tions in Figure A.1). First, the ejecta will be in an “ejecta-
dominated phase,” for which the blastwave radius Rb is mov-
ing at roughly constant velocity independent of the density
of material surrounding the SN. This continues up until the
time when the SN has swept up an amount of material ap-
proximately equal to the mass of the eject. This occurs on the
Sedov-Taylor timescale4,

tST = 210E−1/2
51 M5/6

1 n−1/3
0 yr, (1)

where E = 1051E51 erg is the energy of the explosion, M =
M1M" is the mass of the SN ejecta, and n0 (in units of cm−3)
is the number density of a uniform ambient ISM. Associated
with this are the characteristic length scale,

RST = 2.2M1/3
1 n−1/3

0 pc, (2)

and velocity,

vST =
RST

tST
= 1.0× 104E1/2

51 M−1/2
1 km s−1. (3)

In the second stage, after a time tST, the expansion of the
ejecta slows as summarized in the right column of Table 1.

The velocities in Table 1 refer to the velocities of the for-
ward and reverse shocks. In particular, ṽr is in the rest
frame of the unshocked ejecta just ahead of it, ṽr ≡ Rr/t −
dRr/dt, rather than the rest frame reverse shock velocity
vr ≡ dRr/dt. This is because it is the former quantity that is
most relevant for estimating properties of the ejecta, such as
the shock temperature and pressure. The contact discontinuity
Rc is estimated from the mass conservation condition,

4π

3
R3

bn0 ≈
4π

3
(R3

b −R3
c)4n0, (4)

where we have used the compressibility of a γ = 5/3 strong
shock condition (γ + 1)/(γ − 1) = 4. This then gives

Rc ≈ (3/4)1/3Rb as we use in Table 1 for both t < tST and
t > tST. Such a relation is most accurate at early times, but
gets increasingly poor at later times when the density is not
constant across the reverse shocked region (for example, see
the study by Tang & Chevalier 2017). At least for the work
here, this is a sufficient approximation, and we save a more
detailed numerical treatment for future investigations.

The evolution of the SNR is summarized with the fiducial
values of M = 1M", E = 1051 erg, and n0 = 1 cm−3 in
Figure 2. This shows how the SN blastwave radius roughly
evolves as

Rb ∝

{

t, t ! tST
t2/5, t " tST,

(5)

from the ejecta-dominated to Sedov-Taylor stages. The an-
alytic expressions given in Table 1 allow us to follow the
smooth evolution of the SNR between these limits. Figure 2
also shows how narrow the ionized regions are in radius, es-
pecially during the early phases.

Following the Sedov-Taylor stage, there is the “snowplow
stage” when the SNR begins to radiatively cool appreciably.

4 The exact numerical values for tST and RST are set by the continuity
conditions at time tST as described by McKee & Truelove (1995). One can
see analogous arguments used for an SNR expanding into a wind environment
in Appendix A.
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This roughly occurs at a time (Draine 2011; Yang & Zhang
2017)

tsnow ≈ 4.9× 104E0.22
51 n−0.55

0 yrs. (6)

We do not consider this stage in detail for this work, and thus
our solutions and discussions are only applicable up until this
timescale.

2.1. Constant Density: Dispersion Measure

For an FRB at redshift z, and assuming that the Milky Way
component can be subtracted out, the remaining total DM is

DMtot =
DMlocal

1 + z
+

DMhost

1 + z
+DMIGM, (7)

where DMhost is the contribution from the FRB host galaxy,
DMIGM is the contribution from the intervening intergalactic
medium (IGM), and

DMlocal = DMSNR +DMISM, (8)

is the local contribution from the shocked SN material and
shocked ISM, respectively. In Section 3, we consider a wind
profile for the material around the SN instead, which also adds
a contribution DMw to DMlocal. The IGM component can be
approximated as (Katz 2016b)

DMIGM =
nIGMc

H0
z, (9)

where H0 is Hubble’s constant and nIGM is the present-day
density of the IGM (nIGM = 1.6 × 10−7 cm−3, assum-
ing that the baryons are homogeneously distributed and ion-
ized). A more detailed expression for this term is provided by
Deng & Zhang (2014).

For determining the DM that may be imprinted on an FRB
by the SNR, we must consider each of the regions and the
different stages of the evolution. For the SN ejecta, only the
region fromRr out toRc is ionized. Thus, integrating through
the ionized material, the dispersion measure of the SNR is
given by

DMSNR =

∫ Rc

Rr

nrdl ≈ nr(Rc −Rr), (10)

where nr is the number density of electrons behind the reverse
shock. This density is somewhat higher than the average den-
sity of the remnant, and can be determined by assuming pres-
sure continuity across the contact discontinuity, which gives a
reverse shock mass density of

ρr
µmp

≈ 4n0

(

vb
ṽr

)2

, (11)

where µ is the mean molecular weight. The actual electron
number density in the reverse shock region is

nr = ρr/µemp, (12)

where µe is the mean molecular weight per electron.
For the ISM contribution to the DM, assuming that this is

mostly hydrogen dominated, it is

DMISM=4n0(Rb −Rc) + fn0(RISM −Rb), (13)

where the factor of 4 is from compression of material at the
forward shock. The term on the far righthand side corre-
sponds to a possible contribution from ionized ISM material

FIG. 2.— Sample evolution of a SNR and the resulting DM for fiducial val-
ues M = 1M! and E = 1051 erg, expanding into a neutral (f = 0) uni-
form ISM of number density n0 = 1 cm−3; this combination corresponds
to tST = 210 yr. The top panel shows the evolution of the three key radii Rr
(red long-dashed line), Rc (black solid line), and Rb (blue short-dashed line).
The red and blue shaded regions denote the shocked SN ejecta and ISM, re-
spectively. The bottom panel shows the DM solution using Equations (10)
and (13). This evolves from being SN ejecta dominated during the blastwave
stage (red long-dashed line) to ISM dominated during the Sedov-Taylor stage
(blue short-dashed line).

surrounding the SNR (Yang & Zhang 2017), where RISM is
the extent of this region and f is the ionized fraction. For
the most part, we ignore this contribution when presenting
DMlocal, but we do discuss it further below since if may be
important for the time-changing DM.

Using Equations (10) and (13) with the expressions for
Rr, Rc, and Rb from Table 1, we plot the full DM evo-
lution in the bottom panel of Figure 2. This demonstrates
that DM is dominated by the SNR at early times (t < tST)
and then dominated by the ISM at late times (t > tST).
Furthermore, at intermediate times (t ∼ tST), the local
DM contribution is actually rather constant. Also, note the
power-law behavior at early and late times. At early times,
it appears DMlocal ∝ t−1/2, which is different than the
scaling of DM ∝ t−2 found from simple analytic argu-
ments that assume a constant mass fraction of ionized ma-
terial (e.g., Connor et al. 2016; Piro & Burke-Spolaor 2017;
Metzger et al. 2017; Yang & Zhang 2017).

A wider range of DM solutions are summarized in Figure 3,
where we consider a variety of n0 values as well as M =
10M" and 2M" (note that we keep E fixed at 1051 erg for
all these calculations). These masses are meant to represent
the SNe that are from a red supergiant or a stripped-envelope
progenitor (e.g., Type Ib/c), respectively. These solution high-
light the fundamental role played by the timescale tST, which
is approximately the time at which dDM/dt switches from
negative to positive. For the times with t ∼ tST, DM can be
relatively constant for hundreds of years if not more. Thus
even if the DM of an FRB is not changing with time, this does
not disprove the hypothesis of a rather young SN as the FRB
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Using Equation (13), this contribution is

DMISM ≈ 5.4× 10−3E1/2
51 M−1/2

1 n0tyr pc cm
−3, (19)

where we take f = 0. For a neutral ambient medium (i.e.,
f = 0), this DM is actually increasing with time as more
and more ISM material is swept up. Nevertheless, the overall
contribution is orders of magnitude smaller than the SN con-
tribution (as seen on the lefthand side of Figure 2) and is not
expected to be seen directly at early times.

2.1.2. Constant Density: Sedov-Taylor Stage DM Estimate

Next, in this limit t # tST, the radial extent of the swept
up ISM instead scales as

Rb − Rc≈ (1.56)2/5(1 − 0.91)(t/tST)
2/5RST,

=0.11(t/tST)
2/5RST. (20)

The corresponding DM is

DMISM=4n0(Rb −Rc) + fn0(RISM −Rb),

≈ 1.8E1/5
51 n4/5

0 t2/51000 yr pc cm
−3, (21)

where t1000 yr = t/1000 yr and in the last expression we
assume f = 0. This is the same scaling as presented by
Yang & Zhang (2017), with a similar prefactor within ≈ 15%
of their result. Taking the derivative, we find

dDMISM

dt
= 0.72(1− 2.7f)E1/5

51 n4/5
0 t−3/5

1000 yr pc cm
−3,

(22)

where here we have included a factor −fn0dRb/dt due to
ionized ISM material being swept by the forward shock. This
shows that an increasing DM is possible for f ! 0.4.

2.2. Constant Density: Rotation Measure

Shocks driven during the expansion of the SNR can gener-
ate magnetic fields that may imprint themselves on an FRB
through Faraday rotation. Following Piro (2016), we con-
sider the magnetic fields generated by the forward and re-
verse shocks, assuming that the magnetic fields roughly obey
equipartition with the shock velocities.

For the reverse shock, the magnetic field is then

B2
SNR

8π
≈ εBρr ṽ

2
r/2 ⇒ BSNR ≈ (4πεBρr)

1/2ṽr, (23)

where εB is a parameter that sets how much of the shock en-
ergy goes into the magnetic field. Assuming equipartition be-
tween the forward shock and the magnetic field generated in
the ISM, the corresponding field strength is

BISM ≈ (16πεBmpn0)
1/2vb. (24)

The velocities and corresponding magnetic fields are plotted
in the upper panel of Figure 4 for εB = 0.1, M = M", E =
1051 erg, and n0 = 1 cm−3. This shows the general trend that
the magnetic fields are rather constant at early times, but then
decrease during the Sedov-Taylor phase.

The associated rotation measure for a density of ionized n
with line-of-sight component of the magnetic field B|| is

RM =
e3

2πm2
ec

4

∫

nB||dl. (25)

FIG. 4.— Velocity, magnetic field, and RM evolution as a function of time
for εB = 0.1, M = M!, E = 1051 erg, and n0 = 1 cm−3. Red, long-
dashed lines correspond to the reverse shock SNR features, while the blue,
short-dashed lines correspond to the forward shock ISM contribution.

A useful relation for relating the RM and DM of the i-th re-
gion within the system is

RMi = 0.81

(

DMi

pc cm−3

)(

Bi

µG

)

radm−2. (26)

This expression is used to plot the RM evolution in the bottom
panel of Figure 4. Here we assume that RMSNR and RMISM

can be simply added together to get RMlocal. Just as for the
DM evolution, the RM is dominated by the SNR at early times
and the ISM at late times. The RM can be very large at early
times, and the changes in RM can be quite substantial even if
the changes in DM are small. Furthermore, while DM can be
decreasing, roughly constant, or increasing depending on the
time, the RM is strictly decreasing for this scenario. The full
set of solutions for red supergiant and stripped envelope SNe
are summarized in Figure 5. Just as for the DM, at late times
the RM only depends on n0, while early on it depends on both
M and n0. Unlike the DM, we do not include the ionized ISM
material (highlighted with the ionized fraction f ) since it is
not clear that this material should have an ordered magnetic
field. In the following sections, we derive the analytic scalings
for these dependencies at both early and late times.

2.2.1. Constant Density: Ejecta-Dominated Stage RM Estimate

From Equation (11), ρ1/2r ṽr ≈ (4n0µmp)1/2vb. Com-
bining this with using vb ≈ 1.37vST in the limit t & tST,
and substituting this into Equation (23), the magnetic field is
found to be roughly constant with time as

BSNR≈ 1.37(16πεBµmpn0)
1/2vST,

≈ 4.1× 10−3µ1/2ε1/2−1 E
1/2
51 M−1/2

1 n1/2
0 G, (27)
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Fig. 1.— A schematic diagram of the first scenario, with
sparks originating from the polar gap region. The HF waves
are emitted from the lower altitudes than the LF waves. The
left panel shows the initial configuration when the two sparks
are produced around the same location. The dashed lines
show the LOS. The second spark sweeps the LOS at a higher
altitude. The right panel shows the sky map of two sparks.
These two sparks sweep the LOS at different heights at dif-
ferent times.

from neighboring magnetic field lines. Assuming that
the Lorentz factors of the bunches are the same from
each other and do not evolve significantly as they stream
along the field lines, the bunches observed earlier emit
curvature radiation in more curved part of the field lines,
and therefore have higher frequencies. In contrast, the
bunches observed later emit in less curved part of the
field lines with lower frequencies.
Figure 1 shows a schematic plot of one version of such

field lines, where the “sparks” are produced from the in-
ner magnetosphere of the open field lines of a NS. The
sparks are produced at a low height due to a sudden re-
lease of energy, e.g. by magnetic reconnection or crust
cracking. Several bunches are released around the same
time and continuously radiate along neighboring field
lines. In the plot, two locations are marked for the sub-
pulses of high frequency (HF) and low frequency (LF).
The two locations for the two sub-pulse emission are dif-
ferent in radius (∆r) and in azimuthal angle (∆φ).
The emission frequency of curvature radiation reads

ν = (3/4π)γ3(c/ρ), where ρ is the curvature radius, and c
is speed of light. Assuming a constant Lorentz factor γ of
the charges, the change in the typical curvature radiation
frequency is given by

∆ν = −
3cγ3∆ρ

4πρ2
= −ν

∆ρ

ρ
, (1)

where ∆ρ is the change in the curvature radius
between the two emitting points. Observationally,
∆ν/ν is of the order of 0.1 (Hessels et al. 2018;
CHIME/FRB Collaboration et al. 2019), so we can in-
fer ∆ρ/ρ ∼ 0.1 for a constant γ.
If the bunch scale is smaller than the half-wavelength

(∼ 10 cm, for 1 GHz), the phase of emission radiated by
each particle in the bunch would be approximately the

same, so coherent radio emission is produced (Melrose
2017; Kumar et al. 2017; Yang & Zhang 2018). The GHz
curvature radiation time scale for such a bunch is 1 ns,
which is much shorter than that of the observed pulse
duration ∼ 1ms, so there must be more than one bunch
sweeping cross the line of sight (LOS) (Yang & Zhang
2018). Such intense sparks likely happen in an environ-
ment with abrupt release of a huge amount of energy to
produce FRBs.
Most generically, the observed time delay of LF wave

with respect to the HF wave can be written as

∆t = ∆tφ +∆tr, (2)

where ∆tφ is the interval between the two emission
beams sweeping across the LOS, and ∆tr is the delay
of emission in the radial direction for the two sparks,
i.e. the retardation delay (see Fig.1). One can generally
write

∆tφ =
∆r⊥
v

, (3)

where ∆r⊥ is the projected horizontal distance between
the HF emitting region and the LF emitting region, and v
is the projected speed of the sweeping beam. As the two
sparks are generated simultaneously but the observed
emissions from the two sparks are emitted at different
epochs, the delay of receiving the two signals due to the
retardation delay can be estimated as

∆tr =
∆r

ve
−

∆r

c
≈

∆r

2γ2
ec

, (4)

where ve ∼ c is the velocity of the electrons (or pairs) in
the bunches, and γe is its corresponding Lorentz factor.

3. APPLICATIONS

In this section, we apply this generic geometrical model
to two specific scenarios of FRB production. The first
scenario is a transient pulsar sparking model with the
FRB originating from the pulsar inner gap region. The
magnetic field configuration in this scenario may be ap-
proximated as a simple dipole. The second scenario
is the cosmic comb model (Zhang 2017, 2018). The
sparks are suddenly generated upon the interaction be-
tween the external plasma stream and the pulsar mag-
netosphere, which flow along the open field lines in the
sheath. The field line configuration is not dipolar, but is
more stretched. In both cases, the sparks propagate from
high-curvature regions to low-curvature regions, leading
to frequency downward drifting. We now discuss these
two scenarios in turn.

3.1. Polar gap sparking

For the first scenario, we consider an FRB generated
from the polar gap region of a pulsar. This could be
related to a young regular field pulsar (e.g. Connor et al.
2016; Cordes & Wasserman 2016) or a young magnetar
with the emission coming from the inner magnetosphere
(Kumar et al. 2017).
We consider a scenario similar to the polar gap

sparking of the regular pulsars (Ruderman & Sutherland
1975). However, instead of invoking regular, continuous
sparks, we envisage a sudden, violent sparking process
from the surface, possibly triggered by an abrupt crust

A generic geometric model

Bunches of electron-positron paires radiates through 
curvature radiation along the magnetic field lines of a 
neutron star magnetosphere

As the field lines sweep across the line of sight of the 
observer, bunches seen later have traveled farther into 
less curves part of the magnetic field lines, thus emitting 
at lower frequencies 

2 scenarii: 

• emission from the inner gap region of a slowly rotation NS

• externally trigger magnetosphere reconfiguration: cosmic comb
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