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P BRI AL A S A Gaussian components (black dashed lines). The post-fit
%ﬁ‘ﬁ%ﬁ@ﬁﬂﬁ% . @2%2—%? %IJ)EH GMRT (625 residuals are denoted with green curves.

% 1 PSR J1840— 08408k 2 AR M NRER IR A S
Table 1 Parameters of the fitted profile components for PSR J1840—-0840 at two observing

frequencies
Frequency Leading Component Trailing Component
WSO/O WIO/O a a /o b b /o
/MHz I 6/ w,*/ I 0,"/° w,"/

625 16.84+£0.79 23.66+£1.47 0.899+0.005 179.144+0.03 7.80+£0.05 0.888+0.003 187.92+0.04 9.46+0.07
1358.438 12.57+£0.58 19.67£1.36 0.87+0.03 179.16+0.13 7.42+0.14 0.64+0.02 185.74+0.20 8.12+0.24

* ¢, and w, are the central phase and full width at half maximum of the leading component, respectively.

> ¢, and w, are the central phase and full width at half maximum of the trailing component, respectively.

4.1 BOHHTE HeFXu5 N RE & HTER XA Sk i FF
N T ARG FUZ KR B FREE, ARTFE 8 X (on-pulse) F15¢ P X (off-pulse) 2 47 HE B AR 77
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Fig. 2 Sections of single pulses for PSR J1840—0840 observed from the GMRT (left) and Effelsberg (right) radio telescopes at
625 MHz and 1358.438 MHz, respectively. The upper middle panel presents a longitude-time diagram showing intensity
variations for 350 consecutive pulses, highlighting the phenomena of subpulse drifting and periodic pulse nulling. Dashed lines
are the modeled drift bands with an exponentially decaying drift rate. The upper left panel shows the energy sequences for the
on-pulse (blue) and off-pulse (red) windows. The integrated pulse profiles obtained separately from burst (blue) and null (red)
pulses are shown in the lower middle panel. The upper right panel displays the null probabilities for every single pulse with
grey bars indicating the identified null states for clarity. The distribution of null probability is given in the lower right panel to

show the evidence for null and burst pulses.
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Fig. 3 On-pulse (blue) and off-pulse (red) energy histograms from the GMRT and Effelsberg observations. The on-pulse

histogram is fit with a two-component Gaussian model (black dashed line), composing of a nulling component (cyan-filled

region) and an emission component (green-filled region). The magenta-filled region presents the Gaussian fit for the off-pulse

component, which is a scaled version of the null component.
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Fig. 4 Histograms of null and burst lengths compiled from GMRT and Effelsberg observations. The red dashed curves

represent the best fit with an exponential model.

#Z 2 PSR J1840— 08408k A HEF FROARRE S
Table 2 Nulling and drifting parameters of PSR J1840—0840

Frequency Nulling Nulling Null Burst )
: o P/ P2/P pa/I) - P
/MHz  Fraction (%) Periodicity / P," Length /P, Length/P,
625 32.63+10.46 50.57+9.03, 21.33£3.91 2.70+£0.66 3.03+0.33 10.1840.98 12.07£5.92  0.961+0.46
1358.438  28.36+7.35 31.37£11.90 2.70+0.66 5.26+£0.50 8.424+1.27 10.86+4.73  0.8440.31

* P, is the rotational period of PSR J1840—0840, P, represents the longitudinal separation between two adjacent drift

bands, P, is the period of subpulse recurrence at a given pulse longitude, and D is the drift rate. Their detailed

definitions are provided in Section 4.2.
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Fig. 5 The fluctuation power spectra to scrutinize the quasiperiodicities associated with the nulling phenomena observed with

the GMRT and Effelsberg radio telescopes. Left panel: the binary time series representing null and burst pulses of PSR

J1840—-0840. Middle panel: the temporal evolution of the Fourier transform corresponding to the time series. Right panel: time

integrated time-dependent fluctuation power spectra. Lower panel: the overall fluctuation power spectra over the entire

sequence. The prominent modulation frequencies are indicated with red stars.
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Exploration of the Pulse Nulling and Subpulse Drifting Properties from
the Long-period Pulsar J1840—-0840
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YAN Wen-ming? CHEN Jian-ling? WANG Hong-guang?®
WANG Zhen?* GAJJAR Vishal>6
(1 Shanzi Province Intelligent Optoelectronic Sensing Application Technology Innovation Center, Yuncheng University, Yuncheng 044000)
(2 Xingiang Astronomical Observatory, Chinese Academy of Sciences, Urumgi 830011)
(8 Center for Astrophysics, Guangzhou University, Guangzhou 510006)
(4 University of Chinese Academy of Sciences, Beijing 100049)
(5 SETI Institute, Mountain View, California CA 94043)
(6 Department of Astronomy, University of California, Berkeley CA 94720)

Asstract This study presents a systematic investigation of the complex radiation behavior of the
long-period pulsar J1840-0840 based on dual-frequency observations conducted with the Giant
Metrewave Radio Telescope (GMRT) in India and the 100-meter Effelsberg radio telescope in Germany.
The average pulse profile of this pulsar exhibits two distinct and spatially separated radiation
components. The frequency evolution of the average profile is consistent with the theoretical predictions
of the classical radius-frequency relation, indicating that the radio emission height of the pulsar
systematically decreases with increasing observation frequency. Single-pulse analysis reveals significant
pulse nulling and subpulse drifting characteristics in this pulsar. The nulling fractions at 625 MHz and
1358 MHz are 32.63% + 10.46% and 28.36% =+ 7.35%, respectively. The occurrence rates of both pulse
burst and nulling states exhibit an exponential decay with increasing duration. Additionally, PSR
J1840-0840 shows quasi-periodic nulling behavior, with two modulation periods at 625 MHz, namely
(50.57 £ 9.03) and (21.33 + 3.91) times the spin period, and one modulation period at 1358 MHz,
which is (31.37 £+ 11.90) times the spin period. By modeling each drifting band, the phase separation,
drift period, and drift rate evolution over time were obtained. The results indicate a significant
frequency dependence of the subpulse drifting parameters.

Key words pulsars: individual: PSR J1840—0840, radio lines: stars, methods: data analysis
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