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What are FRBs?

▶ The origin - an open question

▶ Are there different populations?

Repeaters One off events?

▶ Are there different progenitors?

e.g. : compact object mergers,

magnetars within a dense supernova

*

Model catalog : frbtheorycat.org. Images from Sriharsh Tendulkar’s slides.
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Unveiling FRB progenitors

Localisation

▶ Position of the burst source in the sky

▶ Aid in follow-up observations

▶ Use as probes of cosmology

▶ New instruments and commensal
systems

EM follow-up observations

▶ Coupled with localisation→ Insights into
nature of progenitor

▶ Astrophysics of the environment and
intervening medium

▶ Host studies

▶ Counterparts?

▶ Persistent emission?
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Persistent Radio Sources (PRSs)

10

Table 2. Properties of Known FRB-PRS Systems.

Property FRB 20190417Aa FRB 20121102A b FRB 20190520B c FRB 20201124A d FRB 20240114A e

DMhost,rest (pc cm
−3) > 1212 ≲ 203 137–707 150–220 142± 107

RMrest (radm
−2) 5, 038–6, 441 4.4× 104–1.5× 105 [−3.6,+2.0]× 104 −661± 42 449± 13

z 0.128 0.193 0.241 0.098 0.130

Lν (erg s−1 Hz−1) ∼8× 1028 ∼2× 1029 ∼3× 1029 ∼3× 1028 ∼2× 1028

ν of above (1.5GHz) (1.4 GHz) (1.7 GHz) (1.6GHz) (5 GHz)

Spectral index, α −1.20± 0.40 −0.15± 0.08 −0.41± 0.04 1.00± 0.43 −0.34± 0.21

Physical size (pc) < 23 ≤ 0.7 < 9 290–700 < 0.4

PRS-burst offset (pc) < 26 < 40 < 80 < 188 ∼28

Host galaxy Dwarf Dwarf Dwarf Spiral Dwarf

References—
a A. L. Ibik et al. (2024) and this work.

b S. Chatterjee et al. (2017), S. P. Tendulkar et al. (2017), B. Marcote et al. (2017), P. Wang et al. (2025) and M. Bhardwaj
et al. (2025a).

c C. H. Niu et al. (2022), S. Bhandari et al. (2023), R. Anna-Thomas et al. (2023) and K.-G. Lee et al. (2023).
d G. H. Hilmarsson et al. (2021), W.-f. Fong et al. (2021), L. Piro et al. (2021), V. Ravi et al. (2022), K. Nimmo et al. (2022)

and G. Bruni et al. (2024).
e J. Tian et al. (2024), Y. Bhusare et al. (2024), G. Bruni et al. (2025) and M. Bhardwaj et al. (2025b).

K. Nimmo et al. 2022), and may instead trace dust-

obscured star formation in its host galaxy, making di-
rect comparison with the four aforementioned FRB-PRS
systems difficult (W.-f. Fong et al. 2021).

Like FRBs 20121102A, 20190520B and 20240114A,
FRB 20190417A resides in a low-metallicity, star-
forming dwarf galaxy. However, it occupies an inter-

mediate position in terms of its properties — less ex-
treme than FRBs 20121102A and 20190520B’s hyper-
active burst rate and RM variability, yet exhibiting a
substantially larger |RM| than FRB 20240114A. Placing

the four systems on the empirical Lν− |RM| relation (Y.-
P. Yang et al. 2020; see Figure 3 in G. Bruni et al. 2025)
suggests that FRB 20190417A can be positioned as a

potential bridging source connecting the most extreme
FRB-PRS systems with fainter, less active ones. This
trend aligns with the hypothesis that the most luminous,
high-RM FRB-PRS systems trace the youngest end of

the population. However, caution is warranted when
employing RM as an evolutionary tracer. The Galactic-
center magnetar PSR J1745−2900, for instance, exhibits

a large and highly variable RM that is driven by changes
in the projected magnetic field/electron column along
the LOS rather than by intrinsic evolution (G. Desvignes

et al. 2018). By extension, the RM of PRS-associated
FRBs might be disconnected from the PRS.
While most of FRB 20190417A’s properties are mod-

erate compared to FRBs 20121102A and 20190520B, its

exceptional DMhost complicates a straightforward evo-
lutionary scaling. If the DMhost primarily arises from
a surrounding nebula, the nebula must be significantly

more dense than that of other FRB-PRS systems, point-

ing to a young nebula in the early stages of its expan-
sion. In such scenarios, DM evolution is expected as
the nebula expands (though it can be low; A. L. Piro
& B. M. Gaensler 2018). Within our EVN campaign

we do not measure significant DM evolution, though we
cannot exclude a slight increase (≲ 1.2 pc cm−3) anal-
ogous to the early behavior of FRB 20121102A, which

initially showed a modest rise in DM (D. Li et al. 2021;
P. Wang et al. 2025; Snelders et al. in prep). Fu-
ture detections will be critical for determining whether

FRB 20190417A eventually undergoes a DM decline as
seen for FRBs 20121102A and 20190520B (C.-R. Hu &
Y.-F. Huang 2023), or whether its DM remains stable.
An explanation for FRB 20190417A’s extreme DMhost

is that a large fraction of the excess DM does not
originate from its circum-source plasma. Studies of
pulsars in the MW and Magellanic Clouds show that

dense H II regions and star-forming knots can add
of order ∼102 pc cm−3 to the DM (V. Prayag et al.
2024; S. K. Ocker et al. 2024). One extreme example,

PSR J0248+6021, lies within a dense, giant H II region
which contributes an excess ∼300 pc cm−3 (G. Theureau
et al. 2011). By analogy, FRB 20190417A’s exceptional
DMhost could plausibly result from a sight line intersect-

ing multiple dense H II regions or star-forming knots,
given that these environments are natural birthplaces
for young compact objects. More generally, the above-

average extragalactic DM seen in many PRS-associated
FRBs (see Table 2 and Figure 3) may likewise stem from

Moroianu et. al. 2025, arXiv:2509.05174 and refs. therein
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Magnetar Wind Nebula Model

Murase et. al. 2016, Margalit and Metzger 2018
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Hypernebula Model

Sridhar and Metzger 2022
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Persistent radio source associated with FRB190520B

Small sample of sources with persistent radio emission

▶ FAST discovery and localisation to dwarf
high star forming host galaxy (Niu et al.
2022)

▶ Associated compact PRS

▶ PRS spectrum resembles that of
FRB121102

▶ Lack of low frequency observations

▶ Compiled long term data from uGMRT
and VLA - study temporal and spectral
evolution

Figures from: Niu et. al. 2022 and Zhang et al. 2023, Bhandari et. al. 2023 9 / 15



The nature of the
persistent radio
source associated
with FRB190520B

Arvind
Balasubramanian

Persistent Radio
Sources

Possible Models*

Persistent radio source
associated with
FRB190520B

Summary

Varying flux density of PRS190520 over time
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Balasubramanian et. al. 2025 under review in ApJ
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Slow decay over time

Scaled all data to 1.5GHz assuming a spectral index of −0.33
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spectral index = -0.33

Mann Kendall test for monotonic trends =⇒ decreasing trend

Balasubramanian et. al. 2025 under review in ApJ
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Constraint on age of magnetar
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Contraint on magnetar wind nebula tage ≈ 52 years

Hypernebula model does not predict a decay at these timescales*

Balasubramanian et. al. 2025 under review in ApJ, * Sridhar et. al. 2022
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Break in the spectrum below 1GHz
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Balasubramanian et. al. 2025 under review in ApJ
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Scintillation? – Constraints on size

Conservative lower limit on size of PRS
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Bhandari et. al. 2023, Balasubramanian et. al. 2025 under review in ApJ
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Summary

▶ Progenitor of FRBs – an open question

▶ Need better localisation and follow-up observations

▶ Small fraction of sources associated with persistent radio source

▶ great candidates to understand FRB origins

▶ PRS associated with FRB190520B

▶ slow decay of flux density with time

▶ constraint on age of magnetar if powered by a MWN

▶ spectral break at frequencies< 1 GHz

▶ observed variability due to scintillation?

15 / 15
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Backup-1 : MWNmodel that was fit

Energy injection from the magnetar

Ė = (α− 1)
EB⋆

t0

(
t

t0

)−α

for t ⩾ t0, ff > 1 (1)

Flux density decay

F (ν, t) = Aν
−
(

α−1
2

) (
tobs + tage

tage

)−
(

α2+7α−2
4

)
, (2)

Margalit and Metzger 2018 ApJL 868 L4
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Backup-2 : Scintillation calculations

θF =
√

c/2πνD ξ = (ν0/ν)17/10 ν0 = 12.53GHz (NE2001) dlum = 1218Mpc

ifD = 1kpc

Expected modulation mexp = ξ−1/3 =

(
ν

ν0

)17/30

= 0.29 (3)

Angular size of screen θr = θF ξ = 276.6mas (4)

Physical size of screen Rr = θrdlum/2 = 5.0× 1018 cm = 1.6 pc (5)

Refractive scintillation timescale tr = 2
(ν0

ν

)11/5
= 10.2 days (6)

Observed modulation mobs =
1

Fi

√
N

N − 1

(
F 2
i − Fi

2
)

(7)
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Scintillation calculation contd.

Dataset t_r
(days) m_exp m_obs

Characteristic sizes and time scales
modified t_r

(days)

New
nu_0
(GHz)

Screen distnance = 0.1 kpc Screen distance = 1 kpc Screen distance = 10 kpc
theta_F

(uas)
theta_r

(pc)
theta_s

(pc)
theta_F

(uas)
theta_r

(pc)
theta_s

(pc)
theta_F

(uas)
theta_r

(pc)
theta_s

(pc)

Data as it is

10.20 0.29

0.23

21.44 5.30

6.48

6.78 1.68

2.05

2.14 0.53

0.65 12.80 18.93

Removing best fit line 0.22 6.80 2.15 0.68 13.43 20.92
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