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Introduction: Radio Pulse Broadening
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Figure 19.11 Geometry of multiple scattering: (a) single scattering; (b) multiple
scattering. S, source; O, observer.

The delay t introduced into a ray deviated by angle θ is (L/4c)θ2. The probability
of a ray deviated between θ and θ +dθ reaching the observer is proportional to θdθ ,
because of the solid angle subtended by an annulus of radius θ and width dθ . The
intensity of signals with deviation θ is therefore given by

I (θ )dθ ∝ θ exp
(

θ

θ0

)2

dθ, (19.20)

and hence the corresponding variation with delay t is

I (t)dt ∝ exp
(

− 4c
Lθ2

0

)
dt . (19.21)

A narrow pulse will therefore be observed to have a sharp rise and an exponential
decay, with time scale τs = Lθ2

0 /4c. Since θ ∝ ν−2, the time scale is proportional
to ν−4 for a screen with a single scale size a. It is interesting to note that the
apparent size of the source changes during the pulse; the sharp leading edge comes
from a central point, while the exponential trail comes from an expanding halo of
progressively more widely scattered rays. The close relation between scintillation
and pulse lengthening is shown by the rough equality

2πBsτs ≈ 1, (19.22)

where Bs is the bandwidth of the scintillation, and τs is the pulse lengthening.
This relation, discussed by Lang (1971), is proved experimentally for several
pulsars, although in practice it can only be checked by using measurements of
Bs and τs obtained at widely different frequencies, with an extrapolation using
their known frequency dependence to bring them to the same frequency. The
relation is easily understood: if ray paths reach the observer over distances differing
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Figure 2.3: Top: A schematic representation of radio waves scattered by a thin
scattering screen, with Ds the distance from the pulsar to the screen and D the
overall distance from the pulsar to the observer. The scattering screen is assumed to
be infinite transverse to the line of sight. The scattering angle a, is the angle by which
the ray is scattered away from its straight line trajectory and ✓ the angle at which
the scattered ray is observed. Note that these angles are small (✓, ↵ ⇠mas), and
the distances large (D ⇠kpc), such that the diagram is not to scale. Bottom: Pulsar
scattering in the time domain. An intrinsic pulse shape, here portrayed as a Gaussian
pulse, is convolved with a broadening function representative of pulsar scattering by
the IISM, which results in a broadened profile with an exponential scattering tail.
Credit: M. Geyer
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PBF(t) = exp(−t/τs)

Intrinsic pulse Broadening function Scattered pulse
Geyer, 2017Thin-screen approximation

ConvolutionGaussain shape

τs = τ1GHz ⋅ ν−α

• Pulse-broadening timescale 

• Scattering spectral index 

τs
α

Oswald et al., 

2021
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Introduction: Galactic Electron Distribution Model
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4.3. Comparison with TC93 Distances

Figure 13 compares distance estimates from NE2001
with those from TC93. The general trend is that the
TC93 distances are larger, in some cases significantly so,
than NE2001 distances; there are also cases where NE2001
provides smaller distances. The generally larger TC93
distances are consistent with our other diagnostics, which
signify that TC93 provides too few electrons along many
lines of sight. As designated in the figure, TC93 fails to
give a distance estimate for 134 lines of sight. The smaller
distances from NE2001 will influence estimates of pulsar
space velocities and luminosities.

Fig. 13.— Distance estimates from NE2001 plotted against those
from TC93. Filled circles designate objects for which both models
yield a distance estimate. Open circles plotted at the top of the
frame designate the 134 pulsars for which TC93 gives only lower
distance bounds. The solid line shows equality of the two distance
estimates.

4.4. Applications

To illustrate model predictions we show the model DM
for lines of sight in the Galactic plane (b = 0) in Figure 14.
Figure 15 shows DM plotted against Galactic coordinates
in an Aitoff project when integrating the electron density
to infinite distance. A similar pair of plots for SM is shown
in Figures 16 and 17.

Fig. 14.— Contours of DM plotted on the Galactic plane.
Contours are at 20, 30, 50, 70, 100, 200, 300, 500, 700, 1000, 1500,
2000, 3000 and 4000 pc cm−3, with the lowest contour nearest the
Sun (!), assumed to be 8.5 kpc from the Galactic center (+ symbol
at plot center).

Fig. 15.— Contours of DM integrated to infinite distance
and plotted against Galactic latitude and longitude on an Aitoff
projection with the Galactic center in the middle and negative
longitudes to the right. Contours are at 4000/2n pc cm−3 for
n = 0, 1, . . . , 7, with the lowest contour at the Galactic poles.

Galactic halo

Thick disk and others

Thin disk and spiral arms

Yamasaki & Totani, 2020
Yao et al., 2017

Reid et al., 2019

Rhalo = 200 kpc
Hthick = 1.6 kpc
Rthick = 17.5 kpc

Hthin = 80 pc

wspiral = 500 pc
Rthin = 4 ± 1.2 kpc

Galactic longitude (deg.)

Cordes & Lazio, 2003J. Yao et al. 2017

DM ≡ ∫
D

0
neds

Large-scale mean : 
• Dispersion measure

ne Small-scale  fluctuations: 
• Scattering measure

ne

SM ≡ ∫
D

0
C2

nds

(c) Electron density 

ne

(d) Turbulence strength

C2

n ∝ F ⋅ n2
e
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Empirical formula:

τs = F̃(l, b, D) × DM2 ⋅ ν−α
GHz

He & Shi, 2024

Simplified-model formula:

Introduction: Radio Pulses Prob ne Fluctuations

τs = τ1GHz(DM) ⋅ ν−α
GHz
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• ISM scattering effects: 

 is LOS-weighted .F̃ F

Relation between the pulse-broadening timescale and DM

(a) (b)
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ZA < 40∘

Effective 300-m aperature;

Limited 

zenith angle

Introduction: FAST and FAST-GPPS Survey
1. FAST and its L-band 19 beam reciever

2. FAST Galactic Plane Pulsar Snapshot (GPPS) survey

N 25.647∘

E 106.856∘

FAST locates in Guizhou, China;

19-beam reciever;

Gain of each beam.

Four pointings FAST-observable Galactic plane Complished GPPS sky coverage

Jiang et al., 2019

Han et al., 2021
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Introduction: FAST Observational Data

http://zmtt.bao.ac.cn/psr-fast/
http://zmtt.bao.ac.cn/GPPS/GPPSnewPSR.html

Data source: 
1. GPPS survey (main data source)

2. PI projects (from group members)

3. Released data (avioding conflicts)

Status of pulsar observations: 
• We processed FAST data of 1777 pulsars.


- 122 PSRs show pulse-broadening.

★ 60 GPPS-discovered PSRs

★ 33 + 29 (scat-known) known PSRs769 GPPS-discovered PSRs and 1008 known.
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Method: Parameters of Scattered Profiles
1. DM deviation 2. Fitting of Scattering parameters

PSR J2052+4421g

P = 375.34 ms
DM = 543.8 cm−3pc

(a1)

(a2) (b)

(c1) Jointly fitting profiles (c2) Validation of results 

a. TOAs from 
• Peak 

• Leading-edge@1/4Peak

• Model fitting


b. DM comparison 
 Unbiased model DM

 1/4-lead DM is effective

 DM bias from peak TOA

By assuming: 
• Frequency-independent  intrinsic profile


• Pulse broadening fuction is 


• Powerlaw frequency scaling of 
PBF(t) = exp(−t/τs)

τs = τ1GHz ⋅ ν−α
GHz

ΣG(t, f ) = ΣG(t)

Simultaneously fit , ,  and GaussiansDM τ1GHz α
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Results: Fitted Scatted Profiles (Page 1)
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Results: Fitted Scatted Profiles (Page 2)
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Results: Fitted Scatted Profiles (Page 3)
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Results: Fitted Scatted Profiles (Page 4)
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Discussion: Statistics on Measured Parameters  

(b) (c) (d)

(a)
a. Consistency of FAST results and publication’s  

b. Measurements follow the -DM empirical formula 

c. Scattering spectral indexes  are around 4.0 

d. Upper limit of the Galactic  along Gal. latitude

τs

τs

α
τs

29 scat-known 

PSRs
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Discussion: Scattering toward different spiral arms
Specific arms dominate electrons in each constrained longitude range.

Weighted fluctuation parameter
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(x) Galactic plane
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τs ∝ DM2



Summary

• In FAST L-band view, there are 122 pulsars with scattering features.


• 93 Pulsars filrstly show their scattering parameters, 

including 60 GPPS-discovered pulsars.


• The degree of density fluctuations  depnends on spiral arms.F̃

Thanks!
Feel free to discuss with me. Email: jingweicong@nao.cas.cn
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Supplimentary Material
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Two PSRs with evolution of intrinsic profiles?
Noticiable residuals ! ! !
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Blender绘制银河系旋臂
• 旋臂：Object Mode下add⼀个 Curve下⾯的path；按g平移path到合适的位
置，点击左键固定path的位置；进⼊Edit Mode，按g平移5个标准点，使它
们顺序沿着旋臂排列，彼此离得近⼀点；是有ctrl+⿏标右键，追加线段

Depth统⼀设置管道直径

新建⼀个

Edit Mode下，curve的 transform的radius可以细致调节每个点位的半径。Mac的快捷键是option+s。点击点位，然后看快捷键
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