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Abstract

In this paper, the emissions from two pulsars, PSRs J1611—0114 and
J1617+1123, were investigated using the Five-hundred-meter Aperture Spher-
ical radio Telescope operating at a central frequency of 1250 MHz. The
average pulse profile of PSR J1611—0114 shows two components, the first
of which is relatively weak in intensity. The two-dimensional pulse stack
exhibits an obvious nulling phenomenon, with an estimated nulling fraction
of 40.1% + 5.4%. The durations of the nulls and bursts are consistent with
power-law distributions, and no periodic nulling phenomenon is found. The
results from PSR J1617+1123 demonstrate that the average pulse profile is
composed of four components. The peak intensity of the fourth component
varies significantly, causing an unstable integrated profile. In addition, the
modulation characteristics of J1611—0114 and J1617+41123 were studied by
analyzing the modulation index, longitude-resolved fluctuation spectrum,
and two-dimensional fluctuation spectrum using the software PSRSALSA. Tt
was found that the two pulsars exhibit intensity modulation. In particular,
J1611—-0114 displays even-odd modulation, with a modulation period of
approximately two pulses. The modulation period of J1617+1123 is relatively
broad. There is an obvious subpulse drift phenomenon, and the value of P2
is 0.125¢/P0, corresponding to 12 pulse longitude bins, and the drift rate
(P2/P3) is about 0.29.
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Abstract

In this paper, the emissions from two pulsars, PSRs J1611—0114 and
J16174+1123, were investigated using the Five-hundred-meter Aperture Spheri-
cal radio Telescope operating at a central frequency of 1250 MHz. The average
pulse profile of PSR J1611—0114 shows two components, the first of which
is relatively weak in intensity. The two-dimensional pulse stack exhibits an
obvious nulling phenomenon, with an estimated nulling fraction of 40.1% +
5.4%. The durations of the nulls and bursts are consistent with power-law
distributions, and no periodic nulling phenomenon is found. The results from
PSR J1617+1123 demonstrate that the average pulse profile is composed of
four components. The peak intensity of the fourth component varies signif-
icantly, causing an unstable integrated profile. In addition, the modulation
characteristics of J1611—0114 and J1617+41123 were studied by analyzing the
modulation index, longitude resolved fluctuation spectrum and two-dimensional
fluctuation spectrum using the software PSRSALSA. It was found that the
two pulsars exhibit intensity modulation. In particular, J1611—0114 displays
even—odd modulation, with the modulation period of approximately two pulses.
The modulation period of J1617+1123 is relatively broad. There is an obvious
subpulse drift phenomenon, and the value of P2 is 0.125¢/P0, corresponding
to 12 pulse longitude bins, and the drift rate (P2/P3) is about 0.29.

Key words: stars: neutron — (stars:) pulsars: general — (stars:) pulsars:
individual (PSRs J1611—0114 and J1617+1123)
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1. Introduction

Pulsars are rapidly rotating neutron stars with a strong magnetic field. They
can act as physics labs with extreme conditions that cannot be replicated on
Earth. A pulsar emits electromagnetic radiation along its magnetic axis. As the
star rotates, we receive sequences of regular or discrete pulses when the brighter
emission beam sweeps across the radio telescope. Most often, pulsars are found
to possess stable rotation periods.

Pulsar radio emissions typically exhibit three types of inherent single-pulse mod-
ulations: mode changing, nulling, and sub-pulse drifting. As for mode changing,
it is known that a pulsar switches between two or more different stable emission
states. Pulse nulling is an extreme phenomenon of mode changing, which is
characterized by the absence of a single pulse. Nulling was first discovered by
Backer (1970), and up to date, over 200 pulsars have been detected to exhibit
pulse nulling (Sheikh & MacDonald 2021). The nulling fraction (NF) describes
the proportion of time a pulsar behaves in a null state, with a likely minimum
in the detected value of NF around 40%, which separates nulling pulsars into
higher NF ones and lower NF ones (Konar & Deka 2019; Sheikh & MacDonald
2021). For most nulling pulsars, the NF is measured between 1% and 40%. How-
ever, there are extreme nulling pulsars, for example, PSR J1717—4054 possesses
an NF of 95% (Wang et al. 2007). The duration of nulling follows an exponen-
tial distribution, suggesting a process with random Poisson points (Gajjar et
al. 2017). Statistical analysis showed that NF is positively correlated with the
pulsar period or characteristic age (Biggs 1992) and large NF is closely related
to the spin period of the pulsar (Wang et al. 2020). PSR B0826—34 was the
first pulsar to be detected with a weak emission pulse during the claimed null
states (Esamdin et al. 2005; van Leeuwen & Timokhin 2012), and its weak mode
intensity is only about 2% of that of the strong mode. Further investigation
confirmed the existence of sporadic strong pulses during the weak state of the
pulsar (Esamdin et al. 2012). Some pulsars exhibit periodic mode changes, such
as PSR J1048—5832, which undergoes a periodic switch between strong and
weak emission modes (Yan et al. 2020).

Decades after the detection of pulse nulling, the physical mechanism of emis-
sion remains unclear. Several models have been proposed to try to explain the
nulling phenomenon. They may originate from the change of current distribu-
tion and continuous variation of current magnetosphere (Geppert et al. 2003).
Such a phenomenon may also be caused by the cessation of radiation in the polar
cap region (Ruderman & Sutherland 1975). PSRs J1611—0114 and J1617+1123
were both discovered by the Commensal Radio Astronomy Five-hundred-meter
radio Telescope (FAST) Survey. PSR J1611—0114 has a spin period of 2.59
s and a characteristic age of 10.1 x 1076 yr, whereas J161741123 has a spin
period of 0.895 s and a characteristic age of 47 x 1076 yr. It was reported
that J1611—0114 exhibits a pulse nulling phenomenon, and J1617+1123 shows
obvious variation of emission (Wu et al. 2023), but detailed analyses are not
presented. In this paper, we study the single-pulse properties and polarization
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characteristics of the two pulsars, PSRs J1611—0114 and J1617+1123, using
FAST. Section 2 describes observations and data processing. Section 3 presents
the data analysis results of these two pulsars, and Section 4 discusses and con-
cludes the findings.

2. Observation and Data Processing

We conducted radio observations of PSRs J1611—0114 and J1617+1123 using
FAST. The central beam of the 19-beam receiver was 1050-1450 MHz (Jiang
et al. 2020). The data were recorded in search mode PSRFITS format with
full polarizations, 1024 frequency channels, 8-bit digitization, and an interval of
49.152 s. We observed J1611—0114 for 25 epochs. Among these, 7 observations
lasted for 12 minutes and another 18 observations lasted for 4 minutes. For PSR
J1617+1123, we also observed it for 25 sessions, each lasting 4 minutes. Their
basic parameters are shown in Table 1.

In the offline analysis, we used DSPSR (Hotan et al. 2004) to extract single
pulses with the ephemeris obtained by Wu et al. (2023). PAZ and PAZI tools
in the PSRCHIVE software package were utilized to remove radio frequency
interference (RFI) from the data, where time-domain RFI was identified with
the zero-dispersion measure (DM) matched filter, and frequency-domain RFI
was recognized through the median smoothed difference algorithm and the
mean offset rejection algorithm. A switched calibration signal with a period
of 0.1006632960 s and a duration of 40 s was recorded prior to the pulsar ob-
servations. The rotation measure (RM) was determined using the RMFIT tool
in the PSRCHIVE (Hotan et al. 2004), where the RM was obtained by fitting
the variation trend of polarization angle across frequencies according to =
RMA™2, where M is the radio wavelength corresponding to radio frequency .
All the frequency channels and polarizations were scrunched to generate the
total intensity with 512 phase bins per pulse period. Longitude-resolved fluctu-
ation spectrum (LRFS) and two-dimensional fluctuation spectrum (2DFS) were
calculated using the PSRSALSA package (Weltevrede 2016).

3.1. Single-pulse Sequence and Energy Distribution

The single-pulse sequences from PSRs J1611—0114 and J1617+1123 are studied
by analyzing and processing the obtained data. As shown in Figure 1, it displays
the consecutive single-pulse stacks of the two pulsars in the main panel, the
corresponding average pulse profiles in the upper panel and the corresponding
relative energy variation in the right panel (PSR J1611—0114 on the left and
PSR J16174+1123 on the right). The pulse sequence of J1611—0114 clearly
shows the absence of emission between pulse numbers 36-44 and 60-65, which
is known as the pulse nulling phenomenon. It suggests that J1611—0114 switches
between a null state and a burst state. The integrated pulse profile depicted
in the upper panel shows two components. The peak intensity of the first
component is relatively weak, at about 75% of the peak intensity of the main
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pulse component. From the two-dimensional pulse stack of PSR J1617+1123,
we can see that the pulse energy variation is more complicated, and its profile
presents four emission components. The first and fourth components exhibit
stronger emission intensity, with the peak intensity of the leading component
being 60% of the trailing one. Meanwhile, emission intensity of the central two
components is slightly weaker, at 50% of the peak intensity.

We determine the phase range of the on-pulse region using the average pulse
profile. The on-pulse region is defined as the range in which we detect significant
pulsed emission over the whole longitude extent; that is, the emission intensity
exceeds 30 of the baseline. Then the phase-resolved intensities of the correspond-
ing on-pulse window are summed to calculate the pulse energy of every single
pulse. For the calculation of off-pulse energy, we choose the same window length
as the pulse window length, select the stable baseline, and follow the method
described above to calculate the off-pulse energy of each single pulse. Figure 2
shows the energy distribution histograms of the two pulsars. The single-pulse
energy for the on-pulse window after normalization by the mean pulse energy
is indicated by the black histograms. From the left figure, it can be seen that
the energy distribution of PSR J1611—0114 in the off-pulse region is obviously
a Gaussian distribution, with the peak value at zero. The energy distribution
in the on-pulse region shows a bimodal distribution, with peaks at 0.2 and 1.6,
respectively, confirming the presence of pulse nulling for J1611—0114. We con-
duct a Kolmogorov—Smirnov (K-S) test on the double Gaussian distribution of
on-pulse case and single Gaussian distribution of off-pulse case, obtaining their
respective R_ {square} values as 99.52% and 99.99%. The right panel shows
the energy distributions of pulsar J161741123 in the on-pulse region and the
off-pulse region. The energy distribution in the off-pulse region is a narrow
Gaussian distribution with a peak value of 0. The energy distribution in the on-
pulse region shows only a wide Gaussian distribution, with the peak deviating
from zero. Therefore, there is no evidence of pulse nulling for J1617+41123.

3.2. Nulling Behavior

By utilizing the method introduced by Timokhin (2010), we distinguish the two
states of null and burst by comparing the pulse energy with the threshold based
on the system noise level. The uncertainty of the pulse energy is determined by
of{ep} = o{off}/(n_{on}), where n_{on} represents the number of bins in the
selected on-pulse window, and o{off} indicates the rms of the off-pulse region
of a single pulse. Due to the high sensitivity of FAST, we chose 30{ep} as
the threshold. Pulses with energies lower than this threshold are classified as
nulling pulses, while those above are classified as burst pulses. In order to more
accurately identify the null and burst states, we perform a manual intervention.
If there is a burst pulse within the continuous nulling pulse, we classify that
burst pulse as a nulling pulse.

The NF is a fundamental parameter used to describe the nulling phenomenon.
The method proposed by Ritchings (1976) is employed to estimate the NF of

chinarxiv.org/items/chinaxiv-202412.00113 Machine Translation


https://chinarxiv.org/items/chinaxiv-202412.00113

ChinaRxiv [$X]

pulsar J1611—0114. The error of NF is usually calculated as /(n_p)/n, where
n_ p is the number of nulling pulses and n is the total number of observed pulses
(Wang et al. 2007). The NF values of 25 observations were determined using
the method described above, with distribution between 30% and 50% and an
average NF value of 40.1% 4+ 5.4%. These slight variations of NF values may
be caused by the shorter duration of observations on PSR J1611—0114 and the
fluctuating amount of nulling pulses observed each epoch. By combining the
data from all sessions, the NF value for all observations is calculated to be
39.8% + 2.7%, which indicates a better evaluation of the nulling behavior.

In order to investigate whether the observed null pulse is a weak emission pulse
or not, we folded the pulses of the null state and the burst state to obtain the
average pulse profiles, respectively, as shown in Figure 3 in the upper and lower
panels. The upper panel displays the average pulse profile of the null state,
while the lower panel shows the average pulse profile of the burst state. We
find that there is no significant radiation component greater than 3o{ep} in the
upper panel. Therefore we believe that the null pulse identified by 3o{ep} as the
threshold is not indicative of weak radiation.

As depicted in Figure 4, the observed pulse energy of J1611—0114 and its cor-
responding null state or burst state are plotted. The horizontal coordinate
represents the number of pulses. We utilized the method described by Gajjar
et al. (2017) to investigate the periodicity of the nulling phenomenon of PSR
J1611—0114. Specifically, we conducted a Fourier transform on the identified
null pulse and burst pulse, assigning a value of 1 to the burst pulse and 0 to
the nulling pulse. However, our analysis did not reveal any periodicity in the
pulsar, indicating that the nulling phenomenon does not occur periodically in
our data set.

Figure 5 illustrates the histogram of the duration distribution of all observed
data corresponding to the null and burst states of PSR J1611—0114. It is
evident from the figure that the durations for null and burst states span 1-9
pulse cycles and 1-22 pulse cycles, respectively. The duration distributions for
null and burst states in the figure exhibit approximately power-law behavior,
with power indices of around 2.2 4+ 0.1 and 1.28 4 0.05, respectively.

The single pulse sequence diagram and energy distribution histogram of
J1617+1123 show that there is no nulling phenomenon. In Figure 1, it can
be seen from the single pulse sequence diagram of J16174+1123 that the pulse
intensity of the fourth component is noticeably stronger than that of the first
component. However, there are also instances where the pulse intensity of the
first component exceeds that of the fourth component. In order to determine
whether J1617+1123 has two different modes, we divide the pulses into four
components. We search for the peak values of the first and fourth components
for each pulse, and calculate the ratio of the two peak values. As shown in
Figure 6, the histogram of the ratios is plotted. It can be seen from the graph
that distribution of the peak value ratios follows a log-normal distribution.
It implies that there are no two states, indicating that J1617+1123 does not
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exhibit mode changes in short-term scale observations.

3.3. Single-pulse Modulation

As shown in Figure 7, to investigate the behavior of pulse modulation, we have
plotted the LRFS (Backer 1970), 2DFS (Edwards & Stappers 2002) and the
modulation index distribution. LRFS is used to determine whether the pulse
intensity changes periodically over time. It is calculated by dividing the pulse
stack into pulse blocks of the same size and performing a Fast Fourier Transform
on these blocks (Serylak et al. 2009). Then, the fluctuating power spectrum of
different blocks is averaged to obtain the final fluctuation spectrum. 2DFS
is used to analyze whether a single pulse sequence exhibits subpulse drift in
the longitude direction (Edwards & Stappers 2003). Similar to the calculation
method of LRFS, the two-dimensional discrete Fourier transform can be ap-
plied to longitude-time data. In this case, the result of the computation along
columns is known as the LRFS, and the spectrum of rows represents the drift
period of the subpulse in the longitude direction. Both the LRFS and 2DFS
are horizontally integrated, producing the side-panels of the spectra, which cor-
respond to P0/P3 in the case of drifting subpulses. The power in the 2DFS is
vertically integrated, producing the bottom plots, which correspond to P0/P2
in the case of drifting. In this context, PO signifies the spin period, P2 denotes
the horizontal distance between subpulse drift bands on the pulse longitude and
P3 indicates the periodicity of pulse intensity modulation.

In Figure 7, the plots of LRFS for the two pulsars are presented in the middle
panels, the 2DFS plots are shown in the bottom panels, and the top panels dis-
play the modulation index distribution. It can be seen from the LRFS diagram
that J1611—0114 exhibits modulation characteristics, with modulation period
of 2.01 £ 0.01 PO (P3 2P0). The values of P3 are consistent in each observa-
tion. In the 2DF'S diagram, it is evident that there is no indication of subpulse
drifting. We detect the pulse even—odd modulation feature (Wang et al. 2023).
As shown in the pulsar’s single pulse sequences (Figure 1), the subpulses appear
at the same pulse longitude every other rotation cycle.

For PSR J1617+1123, the presence of the modulation period is clearly visible
in the LRFS plot. By measuring the modulation period (P3) value of each
observation, the value of P3 obtained from each observation is slightly different.
Figure 8 shows P3 at different epochs in the left figure, and the statistics of P2
and P3 in the right figure. It can be seen from the left figure that the value of P3
ranges from 6.29 4+ 0.24 PO to 10.39 + 0.33P0, with an average value of 8.01 +
0.24P0. The primary panel on the right depicts the scatter plots observed for P3
and P2. The upper panel and the side panel display the statistical histograms
(probability density function, PDF) for P3 and P2, correspondingly, with their
respective fitted Gaussian distributions depicted with solid blue lines. For PSR
J16174+1123, it is clear from the figure that the modulation period exists. It is
evident from Figure 7 that the peak of PO/P2 is at 12, indicating that subpulse
drifting has been detected in this pulsar. We analyzed the 2DFS plots of the
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two components with higher intensity, as shown in Figure 9. The panel on the
left features the 2DFS diagram of the first component. It can be seen that its
modulation period is relatively scattered, with the peak value of P3 at 12.67
+ 0.35 P0O. There is no indication of drifting for the first component. The
panel on the right displays the 2DFS diagram of the fourth component, with a
modulation period of 8.04 + 0.39 PO. In the 2DFS diagram, it can be clearly
seen that the peak value of P2/P0 for the fourth component is at about 24
pulses, which suggests that there is a phenomenon of subpulse drifting.

The longitude-resolved modulation index (LRMI) reflects the intensity change of
the pulse at a given pulse phase position, defined as m = o{on}/I, where c{on}
and o__{off} are the rms of on-pulse intensity and off-pulse intensity respectively,
and I is the on-pulse intensity. We present the LRMI in the top panels of Figure
7. The LRMI values for PSR J1611—0114 range from 0.5 to 1.3. It is clear
that the LRMI shows a significant drop at the peak of the right component.
While toward its trailing edge, the LRMI values increase. For J1617+1123, the
LRMI exhibits a “W?” shape across the pulse phase, with LRMI values ranging
between 0.5 and 1.0. This indicates a relatively high variability in the intensity
of the outer components.

3.4. Polarization Characteristics

With the aim of characterizing the polarization of pulsars, we utilize PSRCHIVE
to perform polarimetric calibration on the observed data. The optimal RM
values are obtained from the RMFIT routine in the PSRCHIVE software pack-
age. Figure 10 shows the temporal evolution of RM. The observed RM of
J1611—0114 ranges from —3.0 to 15.0 rad m~—2, with an average value of 6.2
+ 7.9 rad m™—2. For J1617+1123, the RM ranges from 15.0 to 25.0 rad m~—2,
with an average value of 20.1 4+ 6.3 rad m~—2. RM of the Earth’s ionosphere
is not included. The four Stokes parameters, I (total intensity), Q, U, and
V (circular polarization), can be obtained directly from radio observations of
pulsars through polarization calibration. The polarized average pulse profiles
are obtained by integrating over time and frequency domains, where the linear
polarization intensity is L = /(Q™2 + U™2). Figure 11 displays the polariza-
tion profiles of PSRs J1611—0114 and J1617+1123. The panel on the left is ob-
tained by averaging all the observed polarization results. PSRs J1611—0114 and
J1617+1123 have linear polarization fractions of 40.56% + 1.11% and 38.89%
+ 2.80%, and circular polarization rates of —3.61% =+ 0.48% and —4.31% =+
0.87%, respectively.

The panel at the top of Figure 11 corresponds to the linear polarization position
angle (PA) curve, which exhibits a distinct “S” shape. For PSR J1611—0114,
its profile has two components, with the first component being not obvious,
and the linear polarization curve is similar to the pulse curve. To constrain
geometric parameters, a grid search is performed in magnetic inclination angle
(«) and impact angle (3). Then the minimum 2 fit between the rotating vector
model (RVM) curve and the data is determined by optimizing the remaining
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free parameters ¢_0 and _ 0, where PA ( _0) as a function of the pulsar’s
longitude is = __0 + arctan|(sina sin(¢p—¢_0))/(sin(a+8) cosa — cos(a+p)
sina cos(p—¢__0))], where = o + [ is the angle between the axis of rotation and
the line of sight (Wang et al. 2023). Each rotation period of PSRs J1611—0114
and J1617+1123 utilizes 1024 and 512 bins, respectively, for the calculation of
2. The resulting values correspond to surfaces in the (a, 3) space, as depicted
in Figure 12. Three contours representing the 1o, 20, and 3¢ uncertainties in «
and S are provided.

We align all the average profiles observed at each epoch and sum them to obtain
the standard profile. Then we compare the standard profile with the average
profiles by calculating the residuals. By examining the residual plots, we find
that the pulse of the observed pulsars is unstable. We divided all observation
data into two sub-bands with center frequencies of 1150 MHz and 1350 MHz
respectively. The pulse profiles of these two sub-bands are shown in Figure 13. It
can be seen that the pulse profile shapes of PSRs J1611—0114 and J1617+1123
at 1150 and 1350 MHz are slightly different. For J1611—0114 in Figure 13 on
the left, the leading component at 1150 MHz is wider than that at 1350 MHz,
and the peak value of the first component at 1150 MHz is lower than that at
1350 MHz. For J1617+1123 in Figure 13 on the right, it can be seen that
the intensities of the first component and the middle two components change
significantly, with higher intensities at 1250 MHz than at 1150 and 1350 MHz.
However, the pulse width remains unchanged.

4. Discussion and Conclusions

This paper describes the single pulse studies of two pulsars, J1611—0114
and J161741123, using FAST at the central frequency of 1250 MHz. PSR
J1611—0114 shows evidence of the pulse nulling phenomenon from the bimodal
distribution of pulse energy. The nulling duration approximately presents a
power-law distribution, which is suggested to be related to the randomness
in the radiation process and the changes of pulsar magnetosphere (Cordes &
Shannon 2008). The NF has been regarded as an important parameter for
characterizing the pulse nulling phenomenon in pulsars, and was found to be
correlated with the pulsar age or rotational period (Ritchings 1976; Biggs 1992;
Wang et al. 2007). PSR J1611—0114 has a long period of 2.6 s, and the average
NF of PSR J1611—0114 is estimated to be around 40.1%. No emission in the
average pulse profile integrated over all null pulses is detected with significance
above 30. Han & Yuen (2022) reported that nulling pulsars typically exhibit
a duty cycle of 0.1 or lower and are likely to have small obliquity angles. For
PSR J1611—0114, the duty cycle and magnetic inclination angle are calculated
to be 0.018 and 37°.6, respectively.

Currently, the physical origins of pulse nulling remain a mystery. Explanations
include the absence of sparking (Herfindal & Rankin 2007) and changes in radia-
tion mechanisms (Zhang & Cheng 1997). Changes in the magnetospheric state,
such as alterations in magnetospheric geometry or current, may shift the line-of-
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sight direction corresponding to the pulsar’s radiation beam (Timokhin 2010).
Pulse nulling may also occur when radiation from the polar cap is obstructed
(Ruderman & Sutherland 1975), or when an orbiting companion blocks the line
of sight (Cordes & Shannon 2008).

Through the analysis of fluctuation spectra, PSR J1611—0114 shows the pres-
ence of a modulation feature with a periodicity of 2.23 + 0.02 s, which is
raised from the periodic amplitude modulation. The trailing component of PSR
J16174+1123 exhibits significant subpulse drifting with estimated periodicity of
10 rotational periods. Subpulse drifting is considered to be a prevalent phe-
nomenon (Weltevrede et al. 2007), with estimations suggesting that over half of
the entire pulsar population displays this behavior. Basu et al. (2020) have re-
ported an association between subpulse drifting and spin-down luminosity (E).
Drifting is exclusively detected in pulsars with E < 107{34} erg s”—1. In the
case of J161741123, its E is measured to be 1.7 x 107{31} erg s”—1, aligning
with the statistics provided by Basu et al. (2020). It has been found that the
least energetic pulsars tend to exhibit larger values of drifting periodicity (P3),
with a weak anti-correlation between drifting periodicity (P3) and E (Basu et
al. 2020). Song et al. (2023) reported that larger P3 values are associated with
older pulsars with lower spin-down power, as well as more energetic young pul-
sars, while the lowest P3 values are predominant at approximately 7_c 3.2
x 1077 yr (or E 107{34} erg s*—1). Regarding J1617+1123, it possesses a
characteristic age of 4.7 x 1077 yr and E of 1.7 x 107{31} erg s”—1, which is ap-
proximately consistent with the prediction. Furthermore, detection of subpulse
drifting in PSR J161741123 is consistent with the previous conclusion that the
subpulse drifting is only confined to the pulse profile’s cone component, and the
core component never displays such modulation (Basu et al. 2020).

Some pulsars show a strong correlation between pulse nulling and mode changes.
For instance, PSR B0826—34 exhibits different modes with varying pulse pro-
files during nulling phenomena (Esamdin et al. 2005). It is noted that pulsar
J1611—0114 may undergo a significant mode change in its average pulse profile.
The mode change may be accompanied by changes in the timing behaviors of the
pulsar over long timescales. The long-term emission-rotation correlation seen
in some pulsars suggests that the changing currents of charged particles in the
pulsar magnetosphere are responsible for both emission changes and variations
in braking torque (Lyne et al. 2010). It is suggested that the patterns arise
through beats between the magnetospheric drift and interaction of widely sepa-
rated regions of the magnetosphere (Wright 2022). Further studies of emission
properties of more pulsars are helpful to comprehend the origin of the various
patterns.
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