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Abstract

FRB 20180916B is a repeating fast radio burst (FRB) with a 16.3 day periodicity in its activity. In this study, we
present morphological properties of 60 FRB 20180916B bursts detected by CHIME/FRB between 2018 August
and 2021 December. We recorded raw voltage data for 45 of these bursts, enabling microseconds time resolution in
some cases. We studied variation of spectro-temporal properties with time and activity phase. We find that the
variation in dispersion measure (DM) is <1 pc cm > and that there is burst-to-burst variation in scattering time
estimates ranging from ~0.16 to over 2 ms, with no discernible trend with activity phase for either property.
Furthermore, we find no DM and scattering variability corresponding to the recent change in rotation measure from
the source, which has implications for the immediate environment of the source. We find that FRB 20180916B has
thus far shown no epochs of heightened activity as have been seen in other active repeaters by CHIME/FRB, with
its burst count consistent with originating from a Poissonian process. We also observe no change in the value of the
activity period over the duration of our observations and set a 1o upper limit of 1.5 x 10~* day day ' on the
absolute period derivative. Finally, we discuss constraints on progenitor models yielded by our results, noting that
our upper limits on changes in scattering and DM as a function of phase do not support models invoking a massive
binary companion star as the origin of the 16.3 day periodicity.

Unified Astronomy Thesaurus concepts: Radio transient sources (2008); Radio bursts (1339)

1. Introduction

Fast radio bursts (FRBs) are microsecond to millisecond
duration radio pulses of extragalactic origins (see Bailes 2022;
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of the work, journal citation and DOI.

Petroff et al. 2022 for a recent review on FRBs). Their
properties have inspired numerous theories to explain their
origin (see Platts et al. 2019 for review>). A bright radio burst
detected from SGR J1935+-2154 (CHIME/FRB Collaboration
et al. 2020a; Bochenek et al. 2020) in 2020 April suggests that
magnetars are likely progenitors for some of these sources.
Some FRBs are seen to repeat, i.e., multiple bursts from the
same source. After the publication of the Canadian Hydrogen
Intensity Mapping Experiment/Fast Radio Bursts (CHIME/
FRB) first catalog (CHIME/FRB Collaboration et al. 2021),

B https: //frbtheorycat.org /index.php/Main_Page
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the number of published FRBs has surpassed over 600, out of
which 51 show repeat bursts (CHIME /FRB Collaboration et al.
2019; Fonseca et al. 2020; CHIME/FRB Collaboration et al.
2023) in subsequent observations.

FRB 20180916B is one of the first repeating sources
discovered by the CHIME/FRB collaboration (CHIME/FRB
Collaboration et al. 2019), who later showed it exhibits a 16.33
day periodicity in its activity (CHIME/FRB Collaboration
et al. 2020b). It has been localized to a nearby spiral galaxy
approximately 150 Mpc away by Marcote et al. (2020). The
source is active for approximately 5 days in its 16.33 day cycle
(CHIME/FRB Collaboration et al. 2020b). This activity is
frequency dependent, with higher-frequency detections occur-
ring at earlier phases (Pastor-Marazuela et al. 2021; Pleunis
et al. 2021). The source has been detected over a wide
frequency range, from 110 MHz by the Low-Frequency Array
(LOFAR; Pastor-Marazuela et al. 2021; Pleunis et al. 2021;
Gopinath et al. 2023) to 6 GHz by the Effelsberg telescope
(Bethapudi et al. 2023) at different activity phases. This
chromatic periodicity has led to multiple progenitor scenarios
involving precessing (e.g., Li & Zanazzi 2021), rotating (e.g.,
Beniamini et al. 2020), or binary systems (e.g., Wada et al.
2021). The first repeating source, FRB 20121102A, has also
shown a tentative activity period of around 160 days (Rajwade
et al. 2020; Cruces et al. 2021).

Understanding the evolution of source properties with time
can help further narrow down the models capable of explaining
the activity period and emission origins. The distinctive ability
of CHIME/FRB to monitor the entire Northern sky at a daily
cadence makes it an ideal instrument for such a study. Rotation
measure (RM) variation has been observed for
FRB 20121102A over 2.5 yr, decreasing by almost 34% its
initial value (Michilli et al. 2018; Hilmarsson et al. 2021). This
variation was accompanied by a 4 pccm ™ increase in the
dispersion measure (DM). The RM of FRB 20180916B is 4
orders of magnitude less than that of FRB 20121102A and was
fairly stable until 2021 April. Mckinven et al. (2023) reported a
linear increase in the RM of FRB 20180916B in their recent
CHIME/FRB polarimetric data analysis. No significant DM
changes have been observed for the source so far. Gopinath
et al. (2023) also observed these changes at LOFAR
frequencies (150 MHz). This suggests a change in the magnetic
field environment in the source proximity that is independent of
the mechanism causing the periodic activity.

Scattering is another crucial property useful in understanding
the source environment. Most FRB scattering times are longer
than what is expected from their Galactic contribution (Cordes
et al. 2016; Cordes & Chatterjee 2019). Chawla et al. (2022)
showed that scattering in FRBs is likely due to their more
extreme circumburst environments compared to those of
pulsars in the Galactic plane. Contributions from the
circumgalactic medium of intervening galaxies can also add
to the total measured scattering (Vedantham & Phinney 2019).
FRB 20180916B has a low Galactic latitude, and most of its
scattering, as determined using scintillation bandwidth mea-
surements, has been attributed to the Milky Way (Marcote et al.
2020; Bethapudi et al. 2023). However, bursts with scattering
tails considerably longer than the expected value from the
Milky Way interstellar medium (ISM) have been observed in
low-frequency observations, suggesting possible contributions
from the immediate source environment (Pleunis et al. 2021;
Sand et al. 2022; Gopinath et al. 2023). Thus, understanding

Sand et al.

the long-term and phase-dependent variation in scattering
behavior of the source can in principle help better characterize
its immediate environment.

Repeating FRBs tend to have complex burst morphologies
(CHIME/FRB Collaboration et al. 2019; Fonseca et al. 2020;
CHIME/FRB Collaboration et al. 2023). In particular, the
downward-drifting “sad trombone” effect is a characteristic
feature of their dynamic spectra (Hessels et al. 2019;
Pleunis et al. 2021). This may sometimes prevent the
accurate estimation of both DM and scattering values. FRB
201809168 exhibits microstructure at 1.7 GHz as narrow as 3
ps (Nimmo et al. 2021) and down to 800 MHz as narrow as 30
us (Sand et al. 2022). Such structures might remain hidden at
lower time resolution and can contaminate scattering estimates.
Moreover, studying such structures can constrain the source’s
emission models. Microstructures as narrow as 60 ns have been
seen for FRB 20200120E (Nimmo et al. 2022) at 1.4 GHz and
at 2.3 GHz (Majid et al. 2021), suggesting a magnetically
powered emission mechanism that can generate energies
comparable to FRBs at < us timescales. Past studies in the
CHIME band (CHIME/FRB Collaboration et al. 2020b;
Pleunis et al. 2021) of this source have had insufficient time
resolution to detect microstructure. FRB 20180916B’s less-
turbulent immediate environment compared to other active
repeaters such as FRB 20121102A (Spitler et al. 2014, 2016)
makes it an ideal source for such a study. Identifying
microsecond variations in the burst envelope to accurately
estimate the DM and scattering requires high time resolution,
available only with raw voltage data that can be coherently
dedispersed. By “raw voltage” we mean the complex voltage
induced by the incoming electromagnetic radiation in the
telescope feed. This allows us to extract phase information. We
can then use this to completely remove the effects of dispersion
by coherent dedispersion to out best estimate of DM. The
CHIME/FRB baseband system (CHIME/FRB Collaboration
et al. 2018; Michilli et al. 2021) provides such functionality,
enabling the comprehensive study of these ultra-fast emissions
on a population scale and for individual repeating sources
down to 2.56 us.

Repetition rates of repeaters are useful in understanding their
activity, which can give clues into possible progenitors. For
example, a rate of more than 100 bursts per hour has been
observed for FRB 20121102A (Li et al. 2021a) at 1.3 GHz.
Such high rates put limits on the energy budget of the source.
Sources like FRB 20201124 A (Lanman et al. 2022) and FRB
20220912A (Mckinven & CHIME/FRB Collaboration 2022)
have shown sudden activity with repetition rates of tens to
hundreds of bursts per hour, respectively. Although transiting
daily in the CHIME /FRBs field of view, no burst above our
detection threshold had been detected from these sources
despite a lot of exposure before their heightened activity
periods. FRB 20180916B , on the other hand, has been detected
continuously at the expected period since its discovery by
CHIME /FRB in 2018. However, a comprehensive study on the
evolution of its long-timescale emission rate until now has only
been done at LOFAR frequencies (Gopinath et al. 2023).

Here we present a morphology analysis of 45 bursts from
FRB 20180916B detected by the CHIME/FRB baseband
system from its first detection in 2018 September 16 to 2021
December 31. We use the same baseband burst sample
published by Mckinven et al. (2023), where they report the
polarization properties. In addition, we present burst properties
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l ) Baseband Morphology Pipeline

Burst cleaning (RFI excision)

Non-linear LS EMG fit

Isolate the spectrum of every
component

Apply structure maximising
DM correction with DM_phase

MCMC EMG fit

Non-linear LS RPL fit

EMG parameters for pulse profile
of every burst component

Smooth profile with lowess MCMC RPL fit
Find number of components
; S

RPL parameters for the spectrum
of every burst component

Fitburst

Figure 1. Flowchart showing the Baseband Morphology Pipeline. The path on the left involves extracting the Stokes intensity (I) data products from the beamformed
file, dedispersing and cleaning the spectra, getting the burst profile and estimating the number of subbursts/peaks to fit for. The middle portion indicates the process of
extracting initial guesses on the temporal profile of each subburst, first by a least-squares (LS) fit and then by Markov Chain Monte Carlo (MCMC) sampling using an
exponential modified Gaussian (EMG). As indicated in the right-hand column we then estimate the spectral parameters using the same methods assuming a running
power-law (RPL) model. The resulting data file along with initial guesses are then provided to fitburst.

for 15 bursts that have been detected only with intensity data
since the last published results for the source (Pleunis et al.
2021). We also analyze the evolution of the burst rate of the
source and the burst count distribution with respect to its
activity cycles in the aforementioned date range. In Section 2,
we provide a brief outline of CHIME/FRB and the CHIME/
FRB baseband system used for our observations. In Section 3,
we present the analysis and the results, providing a detailed
outline of our Baseband morphology pipeline. In Section 4, we
discuss the implications of our results. Lastly, we provide
concluding remarks in Section 5.

2. Observations

CHIME is an array of four stationary cylinders, each
100 m x 20 m in dimensions, located near Penticton, British
Columbia. Along the axis of each cylinder are hung 256
equispaced feeds recording dual polarization in the frequency
range 400-800 MHz for the overhead sky (CHIME Collabora-
tion et al. 2022). The system was designed to map the
distribution of neutral hydrogen in the redshift range 0.8-2.5
(Amiri et al. 2023). However, its daily Northern sky coverage
and high sensitivity make it an excellent FRB detection
machine.

The CHIME/FRB backend uses the CHIME telescope to
search for FRBs in real time as the sky transits (CHIME/FRB
Collaboration et al. 2018). This process involves a compre-
hensive set of stages, from radio frequency interference (RFI)
cleaning (Rafiei-Ravandi & Smith 2022) to dedispersion, beam
grouping, known source sifting, and finally, data callbacks for
signals deemed astrophysical. The system stores intensity data
for all FRB sources at a resolution of 0.983 ms and 16384
frequency channels (i.e., 24.4 kHz in frequency resolution). A
detailed analysis of 536 of these sources was published by
CHIME/FRB Collaboration et al. (2021). Optimized for FRB
searching, this system is restricted in time resolution and does
not store polarization information.

For this reason, CHIME/FRB has a separate triggered
baseband system (CHIME/FRB Collaboration et al. 2018).
This system records buffered raw voltage data when an FRB is

detected above a specified signal-to-noise ratio (S/N) thresh-
old. The system has a data buffer of 20 s, permitting the
recording of CHIME’s full bandwidth for a DM of up to
1000 pc cm . This allows us to coherently dedisperse the
voltage data around the detected DM and study the bursts at a
time resolution of 2.56 us. More details on the pipeline can be
found in Michilli et al. (2021). The baseband data also permit
analysis of Stokes parameters and extraction of polarization
information, the specifics of which have been presented by
Mckinven et al. (2021).

In this study, all 45 baseband bursts from FRB 20180916B were
beamformed at the published VLBI position of the source
(Marcote et al. 2020). Additionally, there are 15 bursts with only
total intensity data. These were mostly low-S/N and hence did not
trigger the baseband system.

3. Analysis and Results

All of the new bursts in our data set were identified using the
clustering algorithm described by CHIME/FRB Collaboration
et al. (2023). Among the baseband burst sample, we re-analyze
the morphological properties of 21 previously published bursts
(CHIME/FRB Collaboration et al. 2020b; Pleunis et al. 2021).
The remaining 24 bursts in the sample are new detections.

We show our burst sample and tables with measured
properties in the Appendix.

3.1. Baseband Morphology Pipeline

The baseband morphology pipeline is designed to fit a model
to the data with morphological parameters such as burst width,
scattering, bandwidth, arrival time, and DM from bursts
detected by the baseband system. This pipeline interacts with
Stokes intensity (I) data products in the final beamformed file,
and a single tied-array beam is formed at the best known sky
position of the given source (Michilli et al. 2021, 2023).

The pipeline has three main parts. See Figure 1 for a
graphical representation of the pipeline workflow.

The first part starts with performing RFI excision using the
functionalities described by Michilli et al. (2021). The burst is
then dedispersed at its structure-maximizing DM, calculated
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using the DM_phase package (Seymour et al. 2019). The pulse
profile is then smoothed by applying locally weighted
scatterplot smoothing (LOWESS) implemented by statsmo-
dels (Seabold & Perktold 2010). LOWESS is a nonpara-
metric regression method that weights a data neighborhood
with some kernel. Thus, the only parameter it requires is the
neighborhood size for smoothing, also known as the smoothing
fraction. A small neighborhood will smooth very little, while a
large neighborhood will smooth a lot. The pipeline typically
uses a neighborhood size of 1.5%-20% of the profile estimated
using an algorithm that considers burst properties such as S/N,
time resolution, and pulse width. This smoothed profile is then
used to estimate the number of burst components using
find_peaks implemented by SciPy (Virtanen et al. 2020).

The second step focuses on getting initial guesses for the
burst profile and its spectrum. We fit a sum of exponentially
modified Gaussians (EMGs) to the entire burst profile
(McKinnon 2014), with one term per subburst 7, and with the
scattering timescale fixed for all subbursts. We define the EMG
as follows:

EMG(x; A;; ;5 033 T)
N
1 1 Gi
=" A, —ex —2i+—l*2x)
T (e % )
2
g+t —x

erfc| ———|, (1)
NG

where x is the input time series, A is the amplitude, wis the
Gaussian mean, o is the variance, and 7 is the scattering
timescale for each of the N components.

The 1D spectrum of each subburst is fit with a running
power law (RPL) defined as follows:

RPL(f; A;; riy i) = Ai(f [f,) il 2)

where f, is an arbitrary reference frequency chosen to be the
middle of the band at 600 MHz, 7 is the spectral running, and y
is the spectral index. The spectral model is identical to the one
described by CHIME /FRB Collaboration et al. (2021).

Using these models, first, a nonlinear least-squares algorithm
curve_fit from SciPy is used to get initial conditions for
the steps (walkers) of each of the Markov Chains. A Markov
Chain Monte Carlo (MCMC) sampling algorithm is then
implemented using the emcee routine (Foreman-Mackey et al.
2013) using independent wide uniform prior distributions for
all parameters. We use a chi squared log-likelihood function.
The MCMC process is quite fast (up to a few minutes,
depending on the time resolution of the data); therefore, it can
be easily run multiple times until the posterior has converged.
However, note that this depends on the quality of the data being
fit. Very low-S/N data may not converge quickly, in which
case, we would increase the downsampling factor (i.e., reduce
the time resolution) in order to increase the S/N. Once the
downsampling has been increased enough, we can adjust the
chain length and number of walkers to convergence.

In the third and final step, the EMG and RPL fit parameters
obtained for the time series and the spectrum, respectively, are
passed on to fitburst, which performs a 2D fit on the data
set, as described in the following section.
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3.1.1. Fitburst

Fitburst is a least-squares optimization routine that
models the burst morphology and dynamic spectrum. The
model includes all of the fundamental burst parameters: DM,
the time of arrival (#,,) in the given data file, the signal
amplitude (A), temporal width (o), power-law spectral index
(7), “running” of the spectral index (r), and scattering timescale
of the signal (7). For a signal with N components, the DM and
scattering timescale are set to be the same for each of the
subbursts, with 2+ 5N parameters being fitted through x*
optimization. The resulting mathematical formulation can be
found in CHIME/FRB Collaboration et al. (2021).

The routine computes a noise-weighted fit residual using the
following equation:

hiy(N) = s Sip (A). 3)

af
Here, d, is the data as a function of discrete time and frequency
channel, ) is the set of fit parameters described above, o is the
standard deviation in the noise calculated for each frequency
channel, and S, is the model. Fitburst then employs the
optimize.least_squares functionality of scipy to
minimize x*(\) = X, /[h,s(\)]* with respect to model para-
meters. The uncertainties on the resulting fit parameters are
computed using the covariance in the resulting x* fit provided
by the solver. This involves a Jacobian matrix comprised of
partial derivatives of the fit equation at the minimized fit
parameter values. More information about £itburst can be
found in CHIME/FRB Collaboration et al. (2021) and Pleunis
et al. (2021). A more detailed description will be forth-
coming (E. Fonseca et al. 2023, in preparation), along with a

public release of the codebase.

We report morphological parameters for the intensity and
baseband bursts using £itburst, the only difference between
the two being that the initial guesses for DM, burst width, etc.
for the intensity burst fits are computed using the methodology
described by CHIME/FRB Collaboration et al. (2021). For
baseband bursts, we do not keep the DM fixed at its structure-
maximizing value during fitting by fitburst but rather
permit an offset in DM, making it a free parameter. This was
done to obtain an optimized model for the burst parameters. We
report this optimized value in Table 1.

3.2. Simulations

To obtain robust uncertainty estimates, we undertook
simulations to better characterize the fitting results from
fitburst for all of the baseband bursts. These simulations
consisted of synthetic bursts generated using the simpulse?*
routine (Merryfield et al. 2023). The spectro-temporal proper-
ties of the simulated bursts mimic the measured parameters (see
Table 1). For each of the 45 bursts, we generated 50 synthetic
bursts each integrated into an array of random noise.
fitburst was then run on the entire sample, and the
measured value for each successful run was saved. We
calculated the standard deviations of the measured parameters
and then calculated the relative uncertainty with respect to
simulated values. Finally, we scaled the error measurements in
scattering and width for every burst in our sample by the

x https://github.com/kmsmith137 /simpulse
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relative uncertainty computed from the simulations. We
repeated the entire process three times to verify our results.
This yielded robust uncertainties, resulting in better character-
ization of the temporal evolution of morphological properties
as described below.

3.3. Period and Period Derivative Analysis

We recalculated the activity period of FRB 20180916B using
the arrival time of the new detections presented here and the
updated exposure. The total on-sky exposure of the source from
2018 August 28 to 2021 December 31 was computed using the
procedure described by CHIME/FRB Collaboration et al.
(2021). In summary, we record metrics that indicate the
variation in up-time and sensitivity of the CHIME/FRB system
for the given interval. These metrics are combined with the
beam model® to generate exposure maps, which we query at
the VLBI position of the source (Marcote et al. 2020). Note that
we only calculate exposure if the sky location lies within the
FWHM of the beam at 600 MHz. The total exposure on the
source in the aforementioned time interval is 201 hr, in which
we detected 94 bursts.

We used the Pearson x> test described by CHIME/FRB
Collaboration et al. (2020b) to estimate the best period. The
updated period is 16.34 +0.07 days, assuming the period
derivative to be zero. We have used this period in all of our
phase calculations. The source period has thus not changed
prior to 2021 December 31 and is similar to the one reported by
CHIME/FRB Collaboration et al. (2020b) and Pleunis et al.
(2021). To constrain the period derivative, we modified our
phase calculation term as follows:

_t—to 1f=P)
$=— +2(P2)(t 10)”, 4

where ¢ is the phase, 7, is the reference Modified Julian Date
(MIJD; in this case 58369.40), P is the period, and P is the
period derivative. We then calculate y* values again for each
period and period derivative combination. Figure 2 shows our
x* distribution, and we perform a 2D Gaussian fit on it using
the Astropy package. In this way, we find P =16.34 £ 0.32
days and P = —024+ 1.5 x 104 day day '. This is
consistent with the derivative being zero. The above analysis
used eight phase bins, but we find similar order-of-magnitude
results for up to 200 bins. Longer-term monitoring may
eventually reveal a nonzero P.

3.4. Burst Rate Analysis

Next we perform an analysis of the rate of bursts from FRB
20180916B in the CHIME band. After excising the bursts
detected during days of low sensitivity and those detected
outside the FWHM at 600 MHz, we are left with 40 bursts in
our rate analysis.

The exposure for each activity cycle was calculated by
folding the daily exposure data using a period of 16.34 days.
We have had 74 activity cycles since the source’s discovery in
2018 September up to the end of 2021. Figure 3 (left) shows
the burst count in each cycle. To test whether the counts are
consistent with being drawn from a Poissonian distribution, we
used a Kolomogrov—Smirnoff (K-S) test (Massey 1951) and an

% htps: //chime-frb-open-data.github.io /beam-model /
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Anderson—Darling (A-D) test (Scholz & Stephens 1987).
Figure 3 (right) shows the frequency distribution of the counts
in dark green. We simulated 10,000 instances of a Poisson
process, assuming a mean rate equal to the observed mean
count of bursts, 1.27 events per activity period. We performed a
K-S and A-D test for each distribution with our observed count
distribution. Our median p-values, 0.512 (K-S) and 0.12 (A-D),
show that the observed counts distribution is consistent with
being Poissonian at 95% confidence.

We then estimated the burst rate for each activity cycle, as
shown in Figure 4. There, error bars represent 95% confidence
uncertainties assuming a Poissonian process within each cycle.
As the telescope sensitivity varies across cycles, the rate for
each cycle is scaled to a fluence threshold of 5.2 Jy ms by using
an index of y=-2.3 (CHIME/FRB Collaboration et al.
2020b). This threshold was calculated using the methodology
described by Josephy et al. (2019). We see that the source’s
activity is consistent with a single Poisson rate throughout the 3
yr of this study. The mean rate throughout the observation
period is 0.27)1 bursts per hour.

The rate distribution with respect to phase is shown in
Figure 5. We divide the active phase into three subintervals.
The rate centered around the peak activity of the source
(0.45-0.55) is 0.86" 035 burst per hour at a fluence threshold of
5.2Jy ms. However, the differences are not statistically
significant with rates during earlier phases (0.35-0.45) of
0.82793! or later phases (0.55-0.65) of 0247032 burst per hour.
We might observe significant differences in phase-dependent
rates with more detections in the future.

3.5. Evolution of Properties

Figure 6 shows the evolution of various spectro-temporal
properties of the source with respect to MJD and to the phase of
the 16.34 day cycle for all of the baseband bursts in our data
set. The color scale shows the resolution at which we measured
the burst’s morphological properties. The side-panel histogram
presents the overall distribution. Only the bursts from the
baseband sample were used in this analysis, as their spectral
and temporal properties are better constrained.

Mckinven et al. (2023) reported a systematic linear increase
in RM from this source (see Figure 6, third panel). However,
interestingly, we do not find corresponding changes in any
other source parameter.

We performed an augmented Dickey Fuller (ADF) test on
DM values to test the time dependence. The ADF estimates a
regression equation and checks if the regression coefficient
applied to a lagged time series variable is significantly different
from unity (Dickey & Fuller 1979). It tests the null hypothesis
that a time series is nonstationary. With a p-value of ~1078, we
find the DM is stationary and see no clear evolution with time,
even during the corresponding RM evolution. The DM of the
brightest burst in our data set, B35, is 348.81 4+ 0.01 pc cm73,
which is 0.04 pccm > greater than what was reported by
Nimmo et al. (2021; 348.772 £ 0.001 pc cm73) . The DM we
measure for different bursts requiring lower time resolution can
be affected by underlying unresolved structure. We constrain
the DM variation to <1 pccm >,

The scattering timescale shows significant variation from
burst to burst. However, in our ADF test, we do not observe
any trend in this variation (p-value ~10~'). We also do not
see any phase dependence. Similarly, the widths also show
stochastic variation with no particular trend, with the broadest
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burst being 6 ms. However, there are caveats regarding our
measurements: weaker bursts are at lower time resolution. For
bursts B4-B5 and B10-B11 (see Table 1), we see significant
changes in the scattering value within the same CHIME transit.
However, the bursts are not bright enough to resolve structures
narrower than ~160 s, which could affect our scattering
estimates. Such sudden changes have also been claimed for
FRB 20190520B (Ocker et al. 2023) and have been attributed
to fluctuations in the turbulence in proximity to the circumburst
environment.

In terms of spectral properties, we find that most of the bursts
are narrowband, as is also seen for all other repeaters (Kumar
et al. 2021; Pleunis et al. 2021). The average bandwidth in the
CHIME band is ~150 MHz, with the narrowest case being 40
MHz. Some bursts were detected at the top or bottom of the
CHIME band, so we cannot estimate their true bandwidth.
However, for this source, we have not yet observed any
multiband detection even after ~70 hr of observation (Pastor-
Marazuela et al. 2021; Sand et al. 2022; Trudu et al. 2023). The
central emission frequency of the bursts in our sample is
distributed across the CHIME band, and there is no obvious
correlation between the phase and emitting frequency. With
more bursts in the future, we may be able to detect chromaticity
as a function of phase in the CHIME band.

We also performed a structure-function analysis similar to
the one presented by Mckinven et al. (2023) for scattering, in
order to search for preferred timescales for variation. We find
no measurable trend at any timescale, suggesting that the
variations are random and occur due to fluctuations in the
propagation environment.

3.6. Microstructure Analysis

Some FRBs have shown temporal microstructure. For
FRB 20180916B, we have seen structures as narrow as 3 us
at 1.7 GHz (Nimmo et al. 2021) and 30 us at 800 MHz (Sand
et al. 2022). The bursts need to be coherently dedispersed and
bright enough at finer time resolution for such narrow structure
to be detectable. We selected 11 bursts from our data that were
visible at a resolution of 80 us or less (maximum downsample
of 32; Table 1).

We analyzed the burst structure using a temporal auto-
correlation function (ACF). First, we summed over the
subbands in which the burst was detected. We then performed
the ACF in time of the pulse profile of these bursts. We flagged
the zero-lag peak, which inhibits the detection of narrow
features in the ACF. We performed a Lorentzian fit on the
wider burst envelope, which in this case corresponds roughly to
the width of the burst.

Only one of the bright bursts showed interesting feature in
our sample. Figure 7 illustrates the analysis conducted for
B20 within our sample. The error associated with the DM
value for this burst was 0.009 pc cm > (refer to Table 1),
corresponding to a smear time of approximately 80 ps within
CHIME band. To account for this effect, we measured the
ACF of the time profile at 100 DM steps ranging from
—0.009 to 0.009 pccm >, centered around the optimal DM
value (348.781 pccm ). The figure displays the outcome at
the DM value that maximizes our ACF, which is character-
ized by the greatest separation between the second Lorentzian
peak and the fit to the broader envelope. It is to be noted that
this DM value does not correspond to the true DM of the
burst. We cannot reliable ascertain whether the peak is due to
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a microstructure or can be attributed to amplitude modulated
noise, which will create stronger power on the one bin level.
We redid the analysis at higher time resolution, and the burst
was too weak to extract any reliable estimates. If real,
detecting such features at 600 MHz opens the possibility of
ultra-fast emission features in brighter detections from other
sources in the CHIME band. The remaining bursts in our
bright sample did not show any interesting features in
their ACF.

4. Discussion
4.1. Burst Rate Evolution

Active repeaters have shown variations in their burst rates
over time. The rate can change from less than one burst per
hour to more than 100 bursts per hour, as was observed for
FRB 20121102A by Li et al. (2021a) in their 60 hr of
observations spanning 47 days at 1.2 GHz above a 7¢ threshold
of 0.015]Jy ms. Gajjar et al. (2018) also reported clustered
arrival times in their high-frequency (4-8 GHz) study of the
same source. Nimmo et al. (2023) also observed this behavior
from FRB 20200120E, where they detected 53 bursts within 40
minutes, almost 80 bursts per hour. Before this epoch, the
observed peak rate from the source was 0.473 bursts per hour
in their Effelsberg observations at 1.4 GHz above a 7o
threshold of 0.05Jy ms. These burst storms after a dormant
period can be a characteristic feature of some repeating sources.
Notably, these observations were at different frequencies and
sensitivity thresholds, making it harder to compare the rates
and energy distributions among active repeaters.

CHIME/FRB, in its continuous monitoring, has been crucial
in catching spontaneously active repeaters. FRB 20201124A is
a prime example (Lanman et al. 2022). After its initial
discovery in 2020 November, it was not detected above our
sensitivity threshold (CHIME/FRB Collaboration et al. 2021)
and suddenly entered a high-activity period in 2021 April.
Follow-up observations led to detections of thousands of bursts
using multiple instruments, particularly by the Five hundred
meter Aperture Spherical Telescope (FAST; Xu et al. 2022).
Recently, FRB 20220912A (Mckinven & CHIME/FRB Col-
laboration 2022) has shown similar behavior, with no bursts
detected prior to 2022 September followed by nine bursts in
three CHIME/FRB transits, suggesting rates as high as
200-300 bursts per day. Higher-frequency follow-ups by the
Green Bank Telescope (GBT; Feng et al. 2023) and FAST
(Zhang et al. 2023) confirmed this high burst rate for the
source. Magnetars have also been known to exhibit burst
storms at X-ray energies, with hundreds of bursts per hour
(e.g., Gavriil et al. 2002; Younes et al. 2020). SGR 193542154
is a prime example, but so far, we have only observed one radio
burst from this or any magnetar with a luminosity comparable
to that of FRBs (CHIME/FRB Collaboration et al. 2020a;
Bochenek et al. 2020).

We do not see any episodes of heightened activity from
FRB 20180916B, even after ~200 hr of observation by
CHIME/FRB across the entire activity phase. Cycle-to-cycle
variation has been observed within the same activity phase
from the source at other frequencies (Pastor-Marazuela et al.
2021; Bethapudi et al. 2023). However, in our long-term
monitoring of the source, we find such variations to be
consistent with being Poissonian in their distribution (see
Section 3.4). As shown in Figure 3, the burst count can vary
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from zero to five bursts from cycle to cycle, but such behavior
is expected from a Poisson process of a mean rate of around 1.3
bursts per activity cycle. Figure 4 shows that the burst rate of
the source is steady within 95% confidence uncertainty,
assuming a Poissonian process in the observed 74 activity
cycles. The source seems to have a steady rate, with no period
of heightened activity, unlike what has been observed from
other prolific repeaters. But the CHIME /FRB transit duration is
~15 minutes; extended exposure with a sensitive telescope
might provide more insights into whether FRB 20180916B is
prone to burst storms. In addition, the RM change observed in
the source (Mckinven et al. 2023) does not coincide with any
change in the activity of the source, suggesting that the secular
rise observed likely has more to do with evolution in the
propagation environment rather than variations in the intrinsic
nature of the source.

FRB 20180916B is known to be chromatic in its activity.
Higher-frequency bursts tend to be observed at earlier phases

(Pastor-Marazuela et al. 2021; Bethapudi et al. 2023) and-lower
frequency bursts tend to be observed at later phases (Pastor-
Marazuela et al. 2021; Pleunis et al. 2021). This spectral
dependence makes it difficult to estimate the full rate, across all
frequencies, per cycle. In conjunction with the narrowband
nature of the bursts, this can lead to differences in rates as a
function of phase within a specific frequency range. In
Figure 5, we see the overall rate of the source is consistent
among activity phase within the uncertainties. With more
detections in the future, any difference in rate might become
prominent in the CHIME/FRB band.

Alongside rate, we find that the activity period of the source
has not significantly varied with time since the source’s
discovery. Our estimate, based on data from 2018 August to
2021 December, the longest time span yet, is 16.34 + 0.07 days
(see Section 3.4), consistent with the original measurement of
16.35 4+ 0.15 days (CHIME/FRB Collaboration et al. 2020b).
This makes FRB 20180916B unique compared to other
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Section 3.4 for details.

prominent repeaters. A stable period with no episodes of
heightened activity might suggest a distinct progenitor scenario
to what has been proposed for other active sources.

4.2. Spectro-temporal Properties

FRBs can have complex structures in their temporal profiles,
often well described as multiple subbursts (J. Faber et al. 2023,
in preparation). Repeaters generally show more such subbursts
compared to apparent nonrepeaters, as was first noticed in the
first known repeater FRB 20121102A (Hessels et al. 2019).
Bursts from repeating sources also tend to be wider and have
narrower bandwidths than for apparent one-off FRBs (Pleunis
et al. 2021). Our burst sample from FRB 20180916B exhibits
the same behavior. Most of our widths lie in the range 1-3 ms
(see Table 1). Our bursts are wider than those seen in high-
frequency detections at 6 GHz (~0.3 ms; Bethapudi et al. 2023)

and narrower compared to LOFAR detections (~40 ms; Pastor-
Marazuela et al. 2021; Pleunis et al. 2021). Our average
bandwidth of 150 MHz is narrower compared to bandwidth
>500 MHz detections at high frequencies, a trend that has been
seen for FRB 20180916B (Bethapudi et al. 2023) as well as
FRB 20121102A (Gajjar et al. 2018; Hessels et al. 2019). We
have observed subbursts as narrow as 78 us (B20), suggesting
there might be more submillisecond emissions from repeaters
even at low frequencies. Additionally, as shown in Figure 6, we
find no temporal or phase dependence in burst width over the 3
yr timescale. We also do not find any significant bimodality in
the peak emitting frequency from the source, unlike what has
been observed for FRB 20201124A (Lanman et al. 2022).
Scattering timescales trace inhomogeneities along the line of
sight toward the source. FRB 20180916B’s low Galactic
latitude (b ~ 3.7°) implies a major contribution from the Milky
Way ISM to the scattering time. The expected scattering in the
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Figure 6. The evolution of various spectro-temporal properties of bursts from FRB 20180916B as a function of time (left) and phase of the 16.34 day cycle (reference
MIJD 58369.40). The histograms on the far right show overall distribution of the properties. We show here six properties: scattering, DM, RM, central frequency (CF),
bandwidth (BW), and combined width of all of the subbursts (W). The color scale shows the time resolution at which we measured the morphological parameters for
each of the burst since not all bursts were bright enough to be studied at 2.56 s time resolution. We see the RM increase in the source around 2021 April as reported
by Mckinven et al. (2023). We find no trend in any other properties in both time and phase. Only the bursts with baseband data have been shown here since we were
able to better characterize their spectral and temporal properties. (See Section 3.5 for details).

direction of FRB 20180916B at 600 MHz according to the
NE2001 model (Cordes & Lazio 2002) for the Galactic electron
distribution is ~0.16 ms. Assuming that the frequency
dependence of scattering time is a power law with index —4,
we expect a scattering timescale of the order of ~0.17 ms in the
CHIME band, extrapolating from the 2.7 us scattering time
reported by Marcote et al. (2020) at 1700 MHz using

scintillation bandwidth measurements. Chawla et al. (2020)
reported an upper limit of 1.7 ms at 350 MHz, corresponding to
a scattering timescale <0.2 ms at 600 MHz. Our scattering
values range from 0.08-2.2 ms, suggesting time variability in
the medium causing the scattering. In our data set, we observed
bursts with scattering less than 0.16 ms (see Table 1). However,
our measured scattering might be contaminated by unresolved



THE ASTROPHYSICAL JOURNAL, 956:23 (19pp), 2023 October 10

124
B20
101
_42 8- 40.96us
C
S5 64 348.7725 pccm™3
>
-
O 44
F=
o)
et 2
<
0.
_2 4
0 5000 10000 15000 20000
Time (us)
— ACF
—=—= Fit Lorentzian
1.01 —— Residue
b —— ACF Noise
g o
> 0.5 1 _ _ < i}
©
=
i W
2 00
<
—0.5 \/\j\/\/V\/_\/\/\/\/\j\/

750 -500 -250 O 750

Lag (us)

Figure 7. Microstructure analysis of B20 from FRB 20180916B. The top panel
shows the burst profile, with the burst number, resolution at which it was
extracted and the DM indicated in the top right. The bottom panel shows the
temporal ACF (black), Lorentzian fit to the ACF (green dashed), the residual
(blue), and ACF of the noise (red). We find a weak peak in the ACF with width
of ~50 s but cannot constrain the true nature of this structure with the present
data set. See Section 3.6 for details.

250 500

structure, since not all of the bursts in our sample are bright
enough to be studied down to 2.56 us (see Table 1). Most of
the scattering observed from FRB 20180916B has been attrib-
uted to the Milky Way ISM (Marcote et al. 2020; Bethapudi
et al. 2023; Sand et al. 2022) using scintillation bandwidth
measurements. Hence, the observed scattering profile for the
source, if real, may not always follow a power-law index of
—4, as expected from a thin screen model. Such deviations in
the index have also been observed for Galactic pulsars
(Lewandowski et al. 2015; Geyer et al. 2017). Bethapudi
et al. (2023) also found tentative scattering variability from
scintillation measurements; they attributed most of this to the
refractive timescale of the Milky Way screen.

Microstructures have been observed for many FRB sources,
suggesting luminous ultra-fast emission (Nimmo et al. 2022).
For FRB 20180916B, we have seen structures as narrow as 3
s at 1700 MHz (Nimmo et al. 2021) and 30 ps at 800 MHz
(Sand et al. 2022), which is in agreement with the prediction of
Milky Way scattering from NE2001. Although we did not find
strong evidence for structure in this work, future studies should
continue to search for short timescale structure from
FRB 20180916B and other FRBs, especially those at higher
galactic latitudes where Galactic scattering should be even
smaller. Detecting such structures will suggest an occasionally
less-turbulent environment that does not inhibit the propagation
of microsecond substructures by scattering, even at low
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frequencies. Microstructure also favors the emission origin to
be magnetospheric instead of a shock wave interaction, since
the latter’s larger physical scales do not naturally predict very
short temporal behavior, whereas the former is inherently
compact (Metzger et al. 2019; Lu et al. 2020).

4.3. Local Environment

Repeaters are a unique tool for understanding the immediate
surroundings of FRBs, as they permit studies of short-term and
long-term variability of DM, RM, and scattering properties.
The first repeating source FRB 20121102A was proposed to be
in a highly magnetized environment given its extremely high
RM and association with a persistent radio source (Michilli
et al. 2018). Since then, there has been a secular decrease in
RM from the source with an increase in DM (Hilmarsson et al.
2021). This change can be explained by an FRB source within
a magnetar wind nebula, a pulsar orbiting a supermassive black
hole, or an evolving supernova remnant (SNR; Margalit &
Metzger 2018; Zhang 2018). RM variability has also been
observed for FRB 20201124A (Hilmarsson et al. 2021; Xu
et al. 2022) on timescales of weeks. A more extreme case of
this has been shown by FRB 20190520B, where a reversal in
RM sign was observed (Anna-Thomas et al. 2023; Dai et al.
2022). Such variability can be attributed to variation in the
magnetic field configuration close to the source region. Wang
et al. (2022) suggested that these two sources might reside in a
magnetar/Be binary star system, with interaction from the Be
star decretion disk producing these RM variations.

FRB 20180916B has a nominal RM, which was reasonably
stable with stochastic variations, until recently when Mckinven
et al. (2023) observed a secular rise in the value. We do not see
any corresponding evolution in the DM of the source.
Mckinven et al. (2023) attributed this to changes in the B of
the local environment and put a limit of <4 pc on the size of
the Faraday active medium. This is greater than the 1 pc upper
limit on the compact radio counterpart of FRB 20121102A
(Plavin et al. 2022). Zhao et al. (2023) interpreted the RM
variation of FRB 20180916B as periastron passage of a freely
precessing magnetar in an orbital period of 1600-16,000 days
with no DM contribution from stellar wind or disk. We do not
see any changes in the scattering timescale that might hint at an
interaction with a stellar wind during the RM variation epochs.
However, the mass-loss rate of the companion star may be too
low to discern any significant changes.

We find no obvious trend in the long-term variations in
scattering, although burst-to-burst measurements tend to vary.
Interestingly for bursts B4-B5 and B10-B11, we observe large
fluctuations in the measured scattering value within the same
transit. Ocker et al. (2023) also observed changes in scattering
on short timescales (~minutes) for FRB 20190520B. They
attribute such behavior to a dynamic, inhomogeneous plasma in
the circumsource environment and predicted similar variations
in other FRB sources. Though our measured values might not
be physical scattering due to the possibility of underlying
structures, we can put definitive limits at the given time
resolution for respective bursts. Overall, this suggests that
although FRB 20180916B has a cleaner circumburst medium
compared to other sources, we can still expect considerable
variations due to discrete plasma patches in the circumstellar
medium (Ocker et al. 2023). Similar to us, Gopinath et al.
(2023) also observed large scattering changes (~10 ms) on
short timescales for FRB 20180916B in their observation at
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150 MHz using the LOFAR telescope. They also attributed
these to variations in the turbulence in the local environment.
They did not find any phase dependence in scattering. We also
do not observe any periodic dependence in scattering
variability (see Figure 6). This seems at odds with strong
binary wind interactions near the source if we assume that the
16 day periodicity is due to orbital motion. We also do not
observe any correlation between changes in scattering with DM
for FRB 20180916B, unlike what has been seen for the Crab
pulsar over its long-term monitoring (McKee et al. 2018).
These correlations have been attributed to seeing different sight
lines through the nebula due to the pulsars proper motion,
which traces the filamentary structure of the nebula. This
suggests that FRB 20180916B might not reside in a Crab-like
remnant, or may be older, with the remnant so dissipated that it
has lost its filamentary structure.

4.4. Constraints on Progenitors

The periodic nature of FRB 20180916B has led to multiple
progenitor theories. These can be broadly classified into two
types. The first type involves FRB emission from a compact
object, where the period is due to rotation, or to precession
(either of an isolated object or of one in a binary system). The
second broad class invokes a compact object in a binary orbit,
where interactions with the companion wind or disk lead to
FRB emission, and the orbital period explains the periodicity.

4.4.1. Rotation or Precession as the Origin of the Periodicity

The rotation of an ultra-long period magnetar has been
suggested to explain the periodicity (Beniamini et al. 2020). In
this case, an isolated magnetar is slowed down to a 16 day
rotation period by episodic mass loss in particle winds, angular
momentum kicks, or accretion due to a long-lasting fallback
disk. The magnetar, in this case, would be of age comparable to
that of typical Galactic magnetars (~1-10 kyr), which is
consistent with the observed offset of the source from a star
formation region in Hubble observations (Tendulkar et al.
2021). The stability of the period over the 3 yr of our
observations is consistent with this scenario; however, the
constancy of the burst rate is somewhat at odds with the usually
more episodic magnetar bursting behavior. In this picture, we
expect no phase-related DM variations and relatively constant
polarization angles. However, we have not observed such long
periods from any Galactic magnetars/neutron stars, though a
possibility of a 6.7 hr period has been proposed for the unusual
X-ray source 1E 161348—5055 in the SNR RCW 103 (De
Luca et al. 2006).

Free precession in a flaring magnetar or luminous radio
pulsar has also been suggested to explain the periodicity (Levin
et al. 2020; Zanazzi & Lai 2020; Katz 2021). This model
predicts an increase in the period as the neutron star spins down
with time. Our upper limit, P < 1.5 x 107*, implies a lower
limit on the spindown age Z2150yr, or equivalently
B >5x 10" G assuming standard magnetic braking (Levin
et al. 2020; Katz 2021). These constraints will improve with
time, although as noted by Katz (2021), the lower limit on the
(unknown) spindown age is not constraining, since the latter is
generally interpreted as an upper limit on the true age.
Additionally, in such models, a shorter timescale periodicity
from the rotation of the compact object itself is expected to be
present, possibly on the order of seconds, as for Galactic
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magnetars (e.g., Olausen & Kaspi 2014). This has not yet been
seen, though detection could be hindered by timing noise or
glitches in the case of a very young magnetar (e.g., Kaspi et al.
2000; Gavriil et al. 2008).

To explain the chromatic nature of the burst arrival times
from FRB 20180916B, Li & Zanazzi (2021) suggested altitude-
dependent emission from a magnetar, which can be precessing
or have a long spin period. For a rotating magnetar, the model
predicts a constant position angle at similar phases, but for a
precessing system, the position angle can vary at fixed phase.
In addition, the spindown rate could help distinguish between
the two possibilities, since it is expected to be much larger in
the case of free precession (Li & Zanazzi 2021).

Recently, Zhao et al. (2023) proposed a precessing magnetar
in orbit with a Be star for FRB 20180916B, to explain its latest
RM evolution. In this case, the 16.3 day period is due to a
precessing or rotating magnetar, but it is in a binary orbit of
~1600-16,000 days. In the model, the magnetar is undergoing
a periastron passage, resulting in a secular rise in RM due to
interaction with the disk of the Be star. Stochastic RM
variations in this model are due to clumps in the stellar winds/
disk interacting with the FRB. However, DM and scattering
variations correlated with RM are expected in this model, yet
our observations show no evidence for this.

Forced precession due to a fallback disk has also been
proposed to explain the observed periodicity (Tong et al. 2020).
Here, a shorter rotational periodicity from the compact object is
also expected. This model does not obviously account for
chromatic periodicity (Li & Zanazzi 2021), and a range of
polarization position angle values is expected, but has not been
observed (Nimmo et al. 2021; Mckinven et al. 2023). The
forced precession fallback disk model is thus not favored by the
data. The model predicts that the observed period should
increase as the disk dissipates, such that P = —P/t4iss, Where
t4iss 1S the unknown dissipation timescale (Katz 2021). Our
constraint on P implies t4i¢, > 300 yr.

Another model involves geodetic precession in a relativistic
orbit. Yang & Zou (2020) proposed a neutron star precessing in
a tight orbit with a companion (orbital period ~100-1000 s).
This system would be short-lived, and a decrease in the period
and a change in burst rate would be expected as the orbit
decays. However, the timescale of this decay could range from
hundreds to millions of years (van Haaften et al. 2012;
Katz 2021), depending strongly on the distance between
objects and their masses. Our current period derivative limit of
1.5 107* days day ' suggests that we will start probing
interesting phase space (e.g., mass ratios of unity and a neutron
star mass) in just a few years.

The last precessional model we consider here is a compact
object in an ultraluminous X-ray binary undergoing super-
Eddington mass transfer (Sridhar et al. 2021). Here, the
precession of the polar accretion funnel results in periodic FRB
emission. In this case, a systematic variation in DM of
~0.1-1 pccm ™ and am RM of ~0.5-1 rad m ™2 with activity
phase is expected, depending on the parameters for the
quiescent jet, taking into consideration the optical depth needed
for FRB to escape. As shown in Figure 6, we constrain ADM
Slpe cm within the activity phase. However, this model
does not naturally explain the observed evolution in RM if the
variation is due to changes in the immediate emission
environment. Moreover, a “turn-off” in emission is predicted
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on a timescale of years, perhaps followed by the appearance of
an optical /IR counterpart.

4.4.2. Binary Motion as Origin of Periodicity

The source of the radio bursts in FRB 20180916B has been
suggested to be in different types of binary orbits in order to
explain the observed 16.34 day periodicity.

Lyutikov et al. (2020) suggested a pulsar in orbit with an
O/B type star, and Li et al. (2021b) suggested FRB emission
from star quakes occurring due to stress on the neutron star
surface by accreting material from a Be star companion. Ioka &
Zhang (2020) proposed a highly magnetized pulsar whose
magnetic field is “combed” by a strong wind from a massive
companion star, resulting in FRB emission. Wada et al. (2021)
made additional alterations to the model to explain the
chromatic periodicity, by proposing variations in emitting
frequency with phase due to the influx of aurora particles at
different phases of the orbit. Deng et al. (2021) considered an
accreting system with a compact object generating FRBs by the
synchrotron maser mechanism. Wang et al. (2022) explained
the RM variations observed in FRB 20201124A and FRB
20190520B using an eccentric magnetar/Be star binary model.
Here, a Be star has a magnetized decretion disk, and when its
binary companion magnetar approaches periastron, the radio
waves interact with the disk, resulting in the observed RM
variation.

Such models naturally predict DM and scattering time
variations with phase, which we do not see. We can look to
Galactic neutron star/OB binary systems for indications of the
expected sizes of DM or scattering variations due to changes in
location of the radio source within the companion wind.
Johnston et al. (2001) studied the highly eccentric (e =0.87)
3.4 yr radio pulsar/Be star binary PSR B1259—63, which
exhibited DM variations of over ~10 pccm ™, and scattering
times that ranged from 0.1 to nearly 10 ms at 1.5 GHz, both
correlated with orbital phase. Similarly, Andersen et al. (2023)
studied the CHIME/FRB-discovered pulsar/OBe star binary
PSR J2108+4516, which has an orbital period 269 days and
eccentricity 0.09, showing that the pulsar exhibited DM
variations of amplitude ~4 pccm >, and scattering times
ranging from well under 1 ms to over 20 ms in the CHIME
band, both also correlated with orbital phase. The latter system,
with only modest eccentricity (0.09), has a projected semimajor
axis of over 800 light seconds, implying only modest proximity
of the two objects.

In FRB 20180916B, by contrast, we do not observe any such
correlated DM or scattering variations, in spite of strong
modulation of the burst rate. On the whole, this argues against a
binary orbit with a massive star as the origin of the periodicity
in FRB 20180916B’s burst rate.

We note that a massive companion with a weak wind might
be invoked to explain the lack of scattering and DM variability.
This has been observed for the pulsar binary PSR J0045—7319
in the Small Magellanic Cloud (SMC; Kaspi et al. 1996). Here
the apparent low mass-loss rate of the companion, as implied
by the absence of any DM variation in spite of a highly
eccentric orbit and great proximity of the sources at periastron,
is explained as a result of the low metallicity of the SMC, and
the fact that OB stars have radiatively driven winds that make
use of metals for the mass-loss mechanism. However, the host
galaxy of FRB 20180916B has a metallicity similar to that of
the Milky Way, which suggests that any binary companion to
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FRB 20180916B would have a wind with Milky Way—type
metal abundances (Marcote et al. 2020).

These models also predict a longer activity window at higher
frequencies, which has not been observed and which also
cannot easily explain the chromatic nature of the periodicity.

Finally, a neutron star in orbit with a magnetized white dwarf
has been argued to produce FRB emission by accretion (Gu
et al. 2020; Chen et al. 2022). This model requires a highly
eccentric orbit to explain the duty cycle for FRB 20180916B.
Dai & Zhong (2020) proposed an old, slowly spinning pulsar
captured by a star interacting with an extragalactic asteroid belt.
Here, interaction of asteroids with the magnetosphere of the
neutron star leads to FRB emission. However, the recent
dramatic long-term rise in RM is not naturally explained in this
model.

Overall, the origin of the periodicity in FRB20180916B remains
a mystery, with our observations providing key new constraints
that further challenge existing models.

5. Conclusion

In this study, we report a morphological analysis of 60 bursts
observed from the periodic FRB source FRB 20180916B,
using data from CHIME/FRB from 2018 August to 2021
December. Out of these, 45 bursts were recorded with high-
time-resolution baseband data, which enabled us to study their
properties in detail. We present a comprehensive outline of our
pulse morphology pipeline, which has been integrated into the
baseband processing system, and employ it to measure the DM
and spectro-temporal properties of the bursts in our data set.

Our analysis reveals that the variation in DM for
FRB 20180916B is constrained to be <1 pc cm ™, in agreement
with findings from other telescopes operating at different
wavelengths. Furthermore, we measured scattering times, and
found evidence for variation from burst to burst, ranging from
~0.16 to over 2ms, although in some cases unresolved
microstructure may impact the measurement. We find no
evidence for a correlation of scattering time with the phase of
the 16 day cycle. The lack of phase-dependent DM or
scattering times seems at odds with models for the periodicity
involving a binary orbit around a massive star. Additionally,
we found no correlation between any morphological property
and the reported secular RM increase of the source (Mckinven
et al. 2023). We also estimated the source activity period and
provided constraints on the period derivative. Our analysis
shows that the activity period of the source has remained
unchanged, with a value of 16.34 £ 0.07 days, and the period
derivative is constrained to be —0.2+ 1.5 x 10~* day day .
The burst count of the source in each activity cycle was found
to be consistent with a Poisson process, and the rate of the
source showed no significant variation over our observation
of 74 activity cycles. Unlike other prolific repeaters,
FRB 20180916B appears stable in its emission and has not
exhibited any heightened activity above our detection thresh-
old. We also discussed and provided constraints on various
isolated and binary models proposed to explain the periodic
nature of the source. FRB 20180916B is an exciting puzzle,
and further measurements of RM, DM, and scattering will
hopefully provide insights into the evolution of the source
environment and further constrain these models. Monitoring
the source daily over an extended period will play a crucial role
in this study, and CHIME/FRB is well positioned to undertake
this task.
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Appendix

Figures 8 and 9 show our burst sample with baseband data,
with Table 1 listing their measured properties. Figure 10 shows
the new detections with only intensity data, with measured
morphological properties listed in Table 2.
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Figure 8. Figure showing bursts detected by the baseband system from FRB 20180916B dedispersed at their structure-maximizing DM. In each subfigure, the top
panel shows the time series, with red line showing the best fit, the panel below it shows the dynamic spectra, and finally to the right of it is the frequency distribution of
the power. The white-dotted lines show the extent of bandwidth. In the top right, we see the DM that it has been dedispersed to and the time resolutions to which it has
been plotted in microseconds, and the top left shows the burst number. The number of channels here is 128. Intensity data waterfalls of bursts B1-B15 and B16-B21
have already been published in CHIME/FRB Collaboration et al. (2020b) and Pleunis et al. (2021), respectively.
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Figure 10. Waterfall figure similar to Figure 8 showing bursts detected from FRB 20180916B only with intensity data from 2020 September 20 until 2021 December
31. All of these bursts are shown at a resolution of 0.983 ms and 128 channels.

Table 1
Table Showing the Morphological Properties of All of the Bursts Detected by the Baseband System
Burst TNS TOA P D DM T o Av
(MJID) (pc ecm™) (ms) (ms) (MHz)
Bl 20181225A 58477.161851 0.595 32 348.812(20) 0.802(22) 0.198(24) 400.0-503.2
0.434(59)
B2 20181226A 58478.15521 0.656 16 348.801(28) 0.564(230) 0.165(8) 463.3-615.4
0.186(25)
B3 20190604B 58638.716433 0.482 16 348.919(32) 0.253(1) 1.044(41) 514.2-754.3
0.873(3)
1.496(41)
0.996(66)
B4 20190605A 58639.705612 0.543 64 349.845(152) 0.290(3) 2.214(5) 400.0-600.6
B5 20190605B 58639.710081 0.543 64 348.690(83) 1.546(111) 4.396(577) 400.0-533.7
0.262(83)
1.568(54)
0.612(60)
B6 20191030B 58786.320749 0.515 256 348.861(494) 0.270(13) 2.863(156) 400.0-495.8
B7 20191218A 58835.173236 0.505 256 349.243(235) 0.712(6) 4.538(16) 400.0-616.2
0.924(141)
B8 20191219A 58836.171977 0.566 256 349.540(10) 0.137(3) 2.476(59) 400.0-468.0
B9 20200104E 58852.136284 0.543 256 349.390(234) 2.233(138) 1.058(162) 611.9-779.3
B10 20200104D 58852.137732 0.543 64 349.350(84) 0.575(38) 0.586(101) 410.2-586.9
1.372(82)
BI1 20200120A 58868.075857 0.519 128 348.883(146) 2.209(99) 1.295(159) 507.9-709.7
0.105(37)
BI12 20200203A 58882.046806 0.374 256 349.292(276) 0.360(6) 1.045(8) 635.4-796.5
B13 20200204B 58883.03995 0.435 128 349.438(264) 0.358(55) 2.718(215) 400.0-473.1
2.143(372)
B14 20200204D 58883.044053 0.435 256 349.699(56) 0.596(10) 1.372(22) 609.6-791.8
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Table 1
(Continued)
Burst TNS TOA P D DM T o Av
(MJD) (pc cm ™) (ms) (ms) (MHz)
B15 20200204E 58883.05372 0.435 32 348.785(67) 0.570(73) 0.169(18) 603.3-766.4
B16 20200220A 58899.007059 0.412 128 349.549(253) 0.4438(4) 4.019(15) 402.0-560.3
B17 20200512A 58981.776623 0.477 64 349.264(85) 0.135(135) 0.306(3) 633.4-800.0
2.651(84)
B18 20200513A 58982.771575 0.538 256 349.350(638) 0.451(34) 1.834(217) 400.0-494.6
B19 20200613A 59013.692871 0.43 32 348.923(36) 0.158(8) 1.376(34) 400.0-522.0
B20 20200614A 59014.685325 0.491 16 348.781(9) 0.499(3) 0.078(5) 485.2-681.1
2.014(6)
1.058(85)
B21 20200919B 59111.40643 0.41 512 350.265(342) 0.191(3) 3.482(184) 400.0-624.4
5.115(30)
B22 20210111E 59225.104279 0.369 256 349.222(172) 0.333(12) 1.763(101) 430.9-619.0
B23 20210127E 59241.060714 0.345 64 348.783(33) 1.011(46) 0.417(80) 519.3-796.1
0.193(48)
B24 202101301 59244.043996 0.528 256 349.17(75) 0.876(60) 2.119(170) 400.0-583.0
B25 20210130H 59244.062294 0.529 128 348.772(3) 0.190(2) 0.672(32) 455.5-648.3
0.543(59)
2.268(4)
B26 20210131A 59245.058327 0.59 256 349.175(369) 0.649(48) 1.669(206) 400.0-534.5
B27 20210302A 59275.968773 0.482 64 349.366(54) 0.160(3) 1.783(14) 400.0-514.6
B28 20210303B 59276.96257 0.542 256 349.163(462) 0.254(8) 2.557(76) 400.0-516.9
B29 20210304A 59277.960337 0.603 64 348.913(43) 0.201(22) 0.908(70) 400.0-505.6
B30 20210402B 59306.8901 0.374 32 349.600(170) 0.495(2) 1.430(5) 586.5-796.9
B31 20210521C 59355.747585 0.364 256 349.030(392) 0.246(11) 1.564(18) 400.0-614.3
B32 20210523A 59357.746804 0.486 128 349.087(390) 0.461(32) 1.378(135) 400.0-475.9
B33 20210625A 59390.652027 0.5 256 349.100(211) 0.088(1) 1.872(3) 400.0-459.4
B34 20210711A 59406.600248 0.476 256 349.330(186) 0.884(55) 1.784(172) 400.0-576.7
B35 20210712A 59407.599363 0.537 1 348.814(11) 0.180(8) 0.126(3) 418.0-520.0
B36 20210814C 59440.507259 0.551 64 348.849(52) 0.324(21) 0.868(75) 400.0-597.8
0.161(21)
0.108(31)
B37 20210814B 59440.515848 0.552 64 349.035(36) 0.356(16) 0.689(67) 400.0-479.4
B38 20210929C 59486.389633 0.359 256 349.731(793) 0.443(4) 1.761(20) 439.9-800.0
1.514(95)
B39 20211101D 59519.304104 0.374 512 349.823(1.9) 0.157(5) 3.423(43) 400.0-444.6
B40 20211101C 59519.304697 0.374 4 349.429(28) 0.660(9) 0.976(12) 437.5-543.5
B41 20211101B 59519.309086 0.374 4 348.867(19) 0.415(164) 0.378(17) 442.6-581.8
0.087(11)
B42 20211103B 59521.288708 0.495 64 348.971(234) 0.403(29) 1.808(86) 400.0-444.2
B43 20211204D 59552.211828 0.388 256 349.562(276) 0.256(11) 1.546(43) 400.0-610.0
B44 20211221A 59569.162656 0.425 64 348.951(206) 0.220(14) 0.711(72) 400.0-438.3
B45 20211222B 59570.154978 0.486 8 348.950(32) 0.336(8) 0.239(20) 400.0-514.6
0.858(36)
0.334(11)

Notes. The first column shows the burst number. Then we present their TNS names. Topocentric TOAs are in Modified Julian Date (MJD) format, referenced at
400 MHz with ~1 s precision. P corresponds to the phase of the burst folded at 16.34 days with reference MJD 58369.40. D is the downsampling factor at which we
measured the properties (i.e., time resolution = D X 2.56 us). DM is the dispersion measure reported by fitburst. 7 is the scattering timescale referenced at
600 MHz. o is the intrinsic widths of all of the subbursts at 600 MHz. Av corresponds to the bandwidth of the detection. See Section 3.1 for details. Intensity data
analysis of BI-B15 and B16-B21 has already been published in CHIME/FRB Collaboration et al. (2020b) and Pleunis et al. (2021), respectively. The rest are new
detections.
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Table 2
Morphological Properties of All of the Bursts Detected with Only Total Intensity Data Since the Last Published Data Set in Pleunis et al. (2021)
Burst TNS TOA P DM T o Av
(MID) (pc cmfs) (ms) (ms) (MHz)

I 20201023B 59145.325356 0.515 350.401(23) <5.287 2.644(298) 400.2-800.0
12 20201123D 59176.244474 0.409 348.772(0) 0.943(109) 0.833(188), 2.233(198) 400.2-581.2
I3 20210129C 59243.059205 0.5 348.772(0) <9.284 4.642(602) 501.1-800.0
14 20210214D 59259.00883 0.477 348.772(0) 2.662(7) 1.779(8) 616.1-720.0
I5 20210301B 59274.9735 0.455 348.772(0) 2.303(617) 1.832(338) 400.0-499.0
16 20210302G 59275.978095 0.516 348.772(0) 2.092(658) 1.603(260) 453.1-526.8
17 20210320A 59293.904126 0.614 348.772(0) 2.080(477) 0.574(143) 419.4-449.1
18 20210626A 59391.661298 0.6 348.772(0) 2.173(876) 1.364(268) 400.0-424.5
19 20210711B 59406.606126 0.515 348.772(0) 0.562(3) 0.364(5) 631.8-699.2
110 20210713C 59408.592801 0.637 348.722(32) <3.155 1.577(303) 400.2-500.2
111 183057477 59455.466284 0.507 349.294(23) <4.463 2.232(244) 450.2-602.0
112 20210930E 59487.382143 0.462 349.095(292) <4.653 2.327(406) 400.2-435.4
113 20210930D 59487.397668 0.463 349.530(55) <4.349 2.174(278) 400.2-506.4
114 20211118B 59536.265914 0.455 350.215(47) <7.370 3.685(375) 400.2-512.2
115 201096712 59553.209720 0.493 349.246(16) <2.000 1.000(186) 450.2-500.2

Notes. The first column shows the burst number. We then present their transient name server (TNS) names. Topocentric TOAs provided here are in Modified Julian
Date (MJD) format, referenced at 400 MHz. P corresponds to the phase of the burst folded at 16.34 days with reference MJD 58369.40. DM is the dispersion measure
reported by fitburst. 7 is the scattering timescale referenced at 600 MHz. o is the intrinsic widths of all of the subbursts at 600 MHz. Av corresponds to the
bandwidth of the detection. Some burst were too weak to get a reliable DM estimated; hence, we fixed their DM value to 347.772 pc cm ™ (Nimmo et al. 2021) and
extracted their best-fit results.
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