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Summary

• New coherent search system is great at finding long/scattered FRBs
• A highly scattered FRB shows that high DM and scattering from the 

circumsource medium are possible
• It also shows the existence of a large population of nsFRBs
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ASKAP
188 Phased Array 
Feed (PAF) pixels 36 beams per antenna

Y. Wang et al. 2023
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FoV = 31 deg2
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ASKAP FRB Surveys

• Fly’s eye survey (2017-2018)
• 20 FRBs
• Bannister et al. 2017: First detection with ASKAP
• Shannon et al. 2018: FRB brightness distribution

• Incoherent sum survey
• 43 FRBs
• Bannister et al. 2019: First localization of a non-

repeater
• Macquart et al. 2020: Census of baryons
• Shannon et al. 2024: CRAFT-ICS survey
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The CRAFT Coherent backend (CRACO)

• Image domain search
• 36 beams
• 280 DM trials 
• 256x256 pixels
• 30 antennas (435 baselines)
• 13.8 ms resolution
• 8 boxcars → up to 110 ms width

• 240 channels of 1 MHz
• Details in Z. Wang et al. 2025
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Table 6. Host candidates of FRB 20231027A. Magnitudes are not corrected for Galactic extinction.

ID R.A. Decl. PATH z R Ks

(J2000) (J2000) posterior (ABmag) (ABmag)
H1 17h00m18s.02 –07d16m40s.86 0.67 – 22.5 23.3
H2 17h00m18s.16 –07d16m41s.62 0.17 – 24.5 –
H3 17h00m17s.95 –07d16m48s.28 0.06 0.99 24.5 22.8
H4 17h00m17s.80 –07d16m53s.11 0.0 0.74 24.6 23.1
H5 17h00m17s.66 –07d16m57s.75 0.0 0.38 24.1 22.3

(i) Interferometric Detection Images of FRB20230902A

(ii) Interferometric Detection Images of FRB 20231027A

Figure 12. Interferometric images of FRBs detected in the CRACO Pilot Survey. The le� panel displays the unnormalised images before (le�) and at the time of
(right) the FRB detection. The right panel presents the normalised (field source subtracted) images at the time of the FRB detection. All images are imaged with
a single sample of data with an integration time of 110 ms. Field sources are marked with cyan solid circles, and FRB locations are indicated by yellow dashed
circles. All data have been de-dispersed using the optimal DM value available.

an approximation for times of arrival (ToAs). We then fitted
the ToAs in ���� (Luo et al., 2021). We fit only for the rotation
frequency F0 and report the fitted value in Table 7.

5.2.2 Pulsar/RRATs discoveries
We discovered two new pulsars/RRATs in CRACO-PS, with
their measured and derived parameters listed in Table 8.

PSR J1319–4536/MTP0023 was first discovered in the
MeerTRAP (More TRAnsients and Pulsars, Rajwade et al.
2020) survey using the MeerKAT telescope, and independently
discovered in CRACO-PS later. It was rediscovered on 12
August 2023 during commensal observations with the EMU

project (SB51948, Beam 28). The source was detected at
R.A. 13h19m49.7s Decl. -45d36m13s with a SNR of 10.9
and a DM of 0 pc cm–3(i.e., < 68.45 pc cm–3)o. We created
the filterbank of PSR J1319–4536 with the full 10-hour ob-
servation with all available antennas. We detected 20 single
pulses with SNR larger than 8, and measured a frequency of
0.534500(2)Hz based on the ToAs using ����. Its coordinates,
DM, and period are all consistent with the MeerTRAP discov-
ery (J. D. Turner, private communication). A detailed analysis
of PSR J1319–4536 will be given in J. D. Turner et al., (in
prep.).

oAll values are reported by the pipeline.



CRACO early results

• Z. Wang et al. 2024, Nature: LPT with X-ray emission
• Y. Wang et al. 2024: 41 s pulsar
• Lee et al. 2025: LPT with interpulses
• James et al. 2025: Nanosecond pulse from a dead satellite
• Jaini et al. in prep: Order 10 new RRATs
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Scattering for FRB applications

• Scattering makes detections more difficult and causes biases
• Could constrain host DM (Cordes et al. 2022)
• Can constrain the turbulence in intervening halos (Prochaska et al. 2019, 

Mas-Ribas et al. 2024)
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Figure 1: Dynamic spectrum of FRB 181112 and optical imaging of its host and a co-
incident foreground galaxy. (A) Dynamic spectrum of FRB 181112 recorded by ASKAP.
The dispersion measure DMFRB = 589.27 pc cm

�3; (B) g-band FORS2 image centered on
FRB 181112 whose position is depicted by the red ellipses with solid/dashed lines indicating the
statistical/systematic uncertainty. We estimate an additional systematic uncertainty of ⇡ 0.500 in
the astrometric solution of the FORS2 image. The host is well-localized to a faint galaxy cata-
loged as DES J214923.66�525815.28, and one identifies a brighter galaxy located ⇡ 5

00 away at
a PA ⇡ 13

� (cataloged as DES J214923.89�525810.43, referred to as FG-181112). The sight-
line to FRB 181112 passes through the halo of this foreground galaxy at an impact parameter
R? = 29 kpc.
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FRB 240312

DM = 334 ± 4pc cm−3

τ"#$MHz = 688 ± 31ms

     τ%GHz = 300 ± 48ms 
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Consistent with MW scintillation
Ø Scattering much larger
Ø Scattered image appears as a point 
source to the MW screen
Ø 𝐷host,source𝐷MW ≲ 0.008 kpc2



Host galaxy

• Covered by DES
• 𝑧 = 0.04973 15  

(𝐷& = 228.6 ± 0.7Mpc )
• Redshifts obtained with SOAR

• MW-like spiral
• Inclination of 20.7 ± 0.3 deg

ØAlmost face-on
• Significantly offset from centre
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Comparison to the Milky Way
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𝐷𝑀host,ISM = 141 ± 53pc cm−3 

• Scattering and DM much higher than allowed by the host inclination



Scattering diffractive or refractive?
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Scattering diffractive or refractive?
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Figure 3. Examples of dynamic spectra (top row) and secondary spectra (bottom row) that have been chosen to highlight the different states of scintillation. 
The dynamic spectra have been cut only for the plots to produce comparable scales and the Doppler rate ax es hav e been scaled such that the widths of the arcs 
are the same. The colour scale is linear for the dynamic spectra and logarithmic in powers of ten for the secondary spectra. 
for the locations of power need to be updated to include the two 
angular coordinates in question: 
f D = −ν

c V eff · ( θ1 − θ2 ) , (8) 
τ = 1 

2 c D eff (θ2 
1 − θ2 

2 ) . (9) 
The features we refer to as stripes are elongated parallel distri- 

butions of power in the secondary spectrum whose positions are 
aligned along a parabolic arc. Stripes were already observed for 
B1508 + 55 by Stinebring ( 2007b ). They are an unusual feature 
which has rarely been observed. Stinebring ( 2007a ) found similar 
stripes for B0355 + 54 and Smirnova et al. ( 2020 ) observed 
B0834 + 06 showing a similar state of scintillation for a limited 
amount of time. They are interesting for the general understanding 
of pulsar scintillation because they are highly ordered structures 
that are not predicted naturally by the single thin screen theory 
without fine-tuning of two-dimensional structures that would not 
be expected to be stable over such a long time. On the other hand, 
they are regular and stable enough such that the mechanism behind 
them should involve few enough degrees of freedom to be accessible 
to measurements. 

Additional interesting aspects of the stripes are that their width is 
not observed to depend on the time span of the dynamic spectrum 
as might be expected from a moving central bright image. Also, 
although the stripes of a single spectrum look very similar to each 
other, they cannot be simply deconvolved into a thin parabola and 
a single stripe. The stripes are thin and completely parallel in this 
observing band. Their brightness distribution can be shifted from the 
main arc but shows only minor scattering compared to the offsets of 
the other stripes. Their length has no clear cut-off and depends on the 
brightness of the individual feature and the data quality. Ho we ver, 

be yond the o v erall brightness, their length does not depend on the 
location in the spectrum. 

Although the appearance of stripes correlates with (almost) 
achromatic temporal variations in the dynamic spectra, these are 
unlikely to be a mere effect of pulse-to-pulse variations on larger 
time-scales because they are missing in dynamic spectra of later 
observations where stripes and arclets coexist. Other reasons will 
be discussed below by showing that different scattered images of 
the pulsar exhibit different intensity variations, which contradicts 
an origin at the level of the pulsar’s emission. 

3.2 Transition to new state of scintillation 
The secondary spectra of B1508 + 55 observed until September 22 
at Ef felsberg dif fer strongly from those observed on No v ember 10 
and later at the same telescope (see Fig. 3 ). 

Before the transition, the secondary spectra showed stripes. As 
there are no arclets, the initial state of B1508 + 55 can be described 
as a case of weak scattering. Many of the observations even show a 
secondary arc. It becomes more visible the narrower the parabola of 
the primary arc. Rarely, hints of a third and fourth arc can be seen 
that are even wider than the first two ones. 

Intriguingly, the first observation after the transition already 
shows clear and strong arclets which means the pulsar now ex- 
periences strong scattering. The stripes are completely gone at first. 
In later observations however, flat features reappear at the ape x es 
of arclets. Nevertheless, the pulsar remains in a state of strong 
scattering. These additional stripes, which coincide with an o v erall 
blurring of all other structures, are only visible during times of a 
lower width of the arc. Due to the annual cycle of arc curvatures, this 
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Scattering diffractive or refractive?

• 𝑟diff = 500 m 

• 𝑟diff > Ion inertial scale implies
n > 2x105 cm-3 

• Combined with DM this yields e.g. a 
SN with age~0.7 yr

• Only gradient matters

• 𝜕!DM = 9 pc cm−3 au
"host,source

#pc

$#/&
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Possible Sources

Dense ionized medium with large variations
• Supernova remnant
• HII region
• Offset BH
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Possible Sources

Dense ionized medium with large variations
• Supernova remnant
• HII region
• Offset BH
• PRS like (younger version of FRB 121102?)
• < 1/70 x PRS of FRB 121102
• < 1/120 x PRS  of FRB 190520B
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𝐿 < 2.6×10!" ergHz−1 s−1 



Summary

• New coherent search system of ASKAP is great at finding long/scattered FRBs
• A Highly scattered FRB shows that high DM and scattering from the 

circumsource medium are possible
• It also shows the existence of a large population of nsFRBs
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