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Figure 1 Top panel: PSR J2219+4754’s DM time series for the upper
(gray) and lower (black) parts of the observing band. Bottom panel: Dif-
ference between the DMs measured in the upper and lower parts of the
band [18].
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Figure 2 Without applying the FD model for fitting (as shown by the
blue curve), the fitting residuals of PSR J1713+0747 vary significantly
with frequency, indicating a DM-induced frequency dependence in the
pulse TOAs [25].
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Figure 3 Top panel: The average pulse profile of PSR J0125-2327.
Bottom panel: Evolution of the pulse profile with observing fre-
quency [32].
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Figure 4 The frequency evolution of the pulse widths (W, Wi, W),
the separation between the MP and IP (W), and the peak intensity ra-
tio between the MP and IP. The solid lines represent the power-law fits
to the data, and the shaded envelopes indicate the 1o uncertainty of the
best-fitting model [38].
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Figure 5 Top panel: Temporal evolution of the topocentric DM toward
pulsar B1937+21, measured from the Parkes UWL observations. The
annual variation of the DM is consistent with the expected Doppler ef-
fectcaused by the movement of the Earth in its orbit around the Sun.
The model and measured values are indicated by the blue curve and
red dots, respectively. Bottom panel: DM variation with time. The
red and green dots represent the DM measurements obtained using the
DM_phase method and template-alignment technique, respectively [38].
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Table 1 Summary of CRN amplitudes from different PTAs (assuming
a = -2/3) [49]Y

PTA Acrn (x1071) 273k
NANOGrav 1.927078 Arzoumanian®# A (2020) 5!
PPTAD 22104 Goncharov&§ A (2021) 51
EPTA 2.95+09 Chen%# A(2021) 152
IPTA 2.8%02 Antoniadis% A\(2022) 1

a) T 45 R &e = -2/30011 T3], 58 K0 EZRItE
A IGWBHE G T — 0. b) PPTAZ R 1o A & J, H R gh i)
N95% B A7 X [H]
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Figure 6 DM variations and timing residuals of PSR J1747-4036. Top
panel: the DMX model parameters obtained from wideband (black cir-
cles) and narrowband (gray squares) data. Bottom panel: the correspond-

ing timing residuals, with colors indicating the receiver frequencies, 820
MHz (green) and 1.4 GHz (blue) [29].
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The evolution of pulsar pulse profiles with observing frequency and the time-variable dispersion measure (DM) induced
by turbulent interstellar-medium (ISM) fluctuations limit the sensitivity of pulsar timing arrays (PTAs) to nanohertz grav-
itational waves. A global trend in PTA development is the deployment of ultra-wideband (UWB) receivers and backends,
together with two-dimensional (2D) template profiles in pulsar timing analysis. This study reviews the current status of
broadband PTA observations worldwide and the fundamental characteristics of broadband timing noise in millisecond
pulsars (MSPs). A major breakthrough in broadband timing lies in the use of 2D profile templates, which enables the si-
multaneous measurement of time of arrival (TOA) and DM, effectively addressing the frequency-dependent biases inherent
in traditional narrowband timing. Applying the 2D-template method to real PTA data reduces the number of TOAs to about
1/30 of the original, significantly lowering computational complexity; for pulsars with high DM and other environmental
effects, the timing precision improves by 10%—15%. PTA broadband observations also demonstrate advantages in DM pre-
cision (down to ~ 10~° pc cm™>) and red-noise mitigation. By accurately modeling the frequency evolution of pulse profiles
and ISM-induced noise, broadband timing provides a methodological foundation for low-frequency, high-precision timing
with next-generation PTA facilities such as the Square Kilometre Array (SKA), playing a critical role in the detection of
nanohertz gravitational-wave signals.
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