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Outline

• Introduction on FRBs and magnetars

• SGR J1935+2154, one of  the most active magnetars

• The hard X-ray burst from SGR J1935+2154 associated 

with FRB 200428

• Such association is rare

• Conclusion
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Introduction: FRBs
The “Lorimer burst”

FRB 010724
• the 1st reported FRB

• Short: <5 ms

• Bright: ~30+/-10 Jy

• Far away: z~0.2

• High event rate

• NO counterpart in
other wavelength

2020-12-24 THU-DOA
Figure 2: Frequency evolution and integrated pulse shape of the radio burst. The survey data,
collected on 2001 August 24, are shown here as a two-dimensional ‘waterfall plot’ of intensity
as a function of radio frequency versus time. The dispersion is clearly seen as a quadratic sweep
across the frequency band, with broadening towards lower frequencies. From a measurement of
the pulse delay across the receiver band using standard pulsar timing techniques, we determine
the DM to be 375±1 cm−3 pc. The two white lines separated by 15ms that bound the pulse show
the expected behavior for the cold-plasma dispersion law assuming a DM of 375 cm−3 pc. The
horizontal line at ∼ 1.34 GHz is an artifact in the data caused by a malfunctioning frequency
channel. This plot is for one of the offset beams in which the digitizers were not saturated.
By splitting the data into four frequency sub-bands we have measured both the half-power
pulse width and flux density spectrum over the observing bandwidth. Accounting for pulse
broadening due to known instrumental effects, we determine a frequency scaling relationship
for the observed width W = 4.6 ms (f/1.4 GHz)−4.8±0.4, where f is the observing frequency.
A power-law fit to the mean flux densities obtained in each sub-band yields a spectral index of
−4 ± 1. Inset: the total-power signal after a dispersive delay correction assuming a DM of 375
cm−3 pc and a reference frequency of 1.5165 GHz. The time axis on the inner figure also spans
the range 0–500 ms.

12

Lorimer et al. (2007)
the Parkes radio telescope
http://www.scienceimage.csiro.au



Introduction: FRBs
Thornton et al. (2013) reported four FRBs detected 
in the high Galactic latitude region of  the High Time 
Resolution Universe (HTRU) survey in 2011 and 
2012.

• Cosmological distance, z~0.5-1.0

• FRB rate is ~0.001 per galaxy per year

• Energy released is ~1038-40 erg

• NO counterpart in other wavelength

2020-12-24 THU-DOA

the Parkes radio telescope
http://www.scienceimage.csiro.au

Giant flares from Soft-Gamma Repeaters (magnetars) 
Rate ~0.0001 per SGR per year;  Energy budget ~1047 erg 

Ofek (2007)

Later the “Petroff Interpretation”

14



Introduction: FRBs

FRB 121102, the first reported repeating FRB

FRB 180916.J0158+65, the closest FRB and repeating FRB

• z~0.0337, 149.0+/-0.9 Mpc

• in a star-forming region of  a spiral galaxy

? Radio pulses from a newborn magnetar

! Still NO counterpart in other wavelength

2020-12-24 THU-DOA
Spitler et al. 2016
Marcote et al. 2020

An X-ray counterpart would be too dim to detect at such large distances. 

With large FOV and sensitive 
radio survey projects 
(CHIME/FRB, STAIRE2, CRAFT 
et al. ), more FRBs will be 
detected and well localized.



Introduction: FRBs
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FRB review by Bing Zhang 2020 Nature



Introduction: magnetars
Neutron stars with extremely 
strong magnetic fields
• Soft-Gamma Repeaters (SGRs)& 

Anomalous X-ray Pulsars (AXPs)

• 𝐿!~10"" − 10"#erg/s >𝐿$%&
• 𝑃 = 2~12 s, 𝑃̇ = 10'()~10'(" s 1 s'(

• 𝐵*+$,~10(- − 10(# G
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• ～30 known magnetars
• Most are galactic 

sources, only two in 
S/LMC each

The Astrophysical Journal Supplement Series, 212:6 (22pp), 2014 May Olausen & Kaspi

Figure 9. Same as Figure 7 but for the characteristic age.

Figure 10. P–Ṗ diagram for all known radio pulsars (gray or blue dots as
indicated), XINSs (yellow squares), and magnetars (red stars).

that XINS could be descendants of magnetars as mentioned
above.

3.3. X-Ray Properties

Figure 11 plots photon index, Γ, and blackbody temperature,
kT , versus spin-inferred magnetic field, B, for those sources that
have a power-law or blackbody component in their quiescent
X-ray spectrum (see Table 3). The left graph shows evidence of
a trend where Γ decreases as B increases, previously identified in
Kaspi & Boydstun (2010) and in a different but analogous form
by Enoto et al. (2010a). Following the example of Kaspi &
Boydstun, we attempt to quantify the trend by calculating
Pearson’s correlation coefficient, finding r = −0.79 (upper
limits were included in the calculation of r by assuming a value
of half of the upper limit). For a sample size of N = 11, this
result gives a (two-tailed) probability for the null hypothesis of

p = 0.0035, slightly higher than the result obtained by Kaspi &
Boydstun but still near the 3σ level. Conversely, examination
of the plot on the right for evidence of a correlation between
kT and B revealed none; in particular, we obtained r = 0.36
for N = 15, giving p = 0.18, which does not exclude the
null hypothesis. Overall, these results support the “twisted
magnetosphere” model of Thompson et al. (2002), further
developed by Beloborodov (2009), which predicts that a higher
B field drives stronger currents in the star’s magnetosphere
which in turn produces brighter and harder non-thermal X-ray
emission.

In Figure 12, we plot LX, the quiescent X-ray luminosity in
the 2–10 keV energy band, against Γ and kT for the same sources
as above. We again calculate the correlation coefficient, r, but in
both cases we derive a null-hypothesis probability of 0.02–0.03,
not low enough to comfortably reject. Certainly a correlation
between LX and kT is not evident; notice how the luminosity
spans five orders of magnitude at kT ≈ 0.3 keV. Likewise, LX
spans more than two orders of magnitude at Γ ≈ 3.8. On the
other hand, there does appear to be an excluded region in the LX
versus Γ graph, where one would find lower-luminosity sources
with hard power laws (though given the large uncertainty in Γ,
SGR 1627−41 cannot be excluded from encroaching into this
region). This cannot simply be due to a selection effect, because
given the same luminosity a harder source will produce less
flux at energies prone to Galactic absorption than a softer one
and should therefore be easier to detect. As indicated above, a
harder spectrum is associated with greater X-ray luminosity in
the twisted magnetosphere model, so such a gap is consistent
with that. However, the model also implies that we should not
expect to see high-luminosity sources with soft power laws. We
do note that a calculation of r excluding the upper-rightmost
point (4U 0142+61) drops the probability of the null hypothesis
below 1% (r = −0.80 for N = 10, p = 0.0054), though there
is no compelling reason to ignore or discard it.

In the leftmost panel of Figure 13, we show the quiescent
2–10 keV luminosity LX as a function of B. This plot is an
update of Figure 4 from An et al. (2012), though, when drawing
the error bars, we do not assume the same uncertainties as
that paper. The solid and open circles denote the magnetars
and the open diamonds represent the five high-B radio pulsars
also considered by An et al. A possible correlation can be
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Introduction: magnetars
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Short Burst

Intermediate 
Flare

Giant Flare

~1045 erg s-1

~1041 erg s-1

Giant Flare: the most energetic but 
the rarest event

• Short hard spike + 
long soft periodic tail

• 3 GFs form 3 SGRs 
SGR 0526-66, 1979-3-5
SGR 1900+14, 1998-8-27
SGR 1806-20, 2004-12-27

• Radio NONE-detection  
of  SGR 1806-20 GF with 
Parkes side lob 

(Tendulkar et al. 2016)  

Peak Luminosity

uncertainties.) The RHESSI particle detector data imply a spike
fluence in photons .30 keV of (1.36 ^ 0.35) erg cm22, making
this the most intense cosmic or solar transient ever observed (in
terms of photon energy flux at Earth). The time-resolved energy
spectrum, as measured by the Wind particle detectors, is consistent
with a cooling blackbody (Fig. 2) with average temperature
Tspike ¼ (175 ^ 25) keV. The spike energy is thus
E spike ¼ (3.7 ^ 0.9) £ 1046d15

2 erg, assuming isotropic emission.
The peak flux in the first 0.125 s was L spike ¼ 2 £ 1047d15

2 erg s21.
Evidently, this event briefly outshone all the stars in the Galaxy put
together by a factor of ,103.

The spike was followed by a hard-X-ray tail modulated with a
period of 7.56 s, detected by the RHESSI g-ray detectors, whichwere
by this time unsaturated, for 380 s. This period agrees with the
neutron star rotation period as inferred from cyclic modulations of
its quiescent soft-X-ray counterpart2. The fluence in 3–100-keV

photons during the tail phase is 4.6 £ 1023 erg cm22 or
E tail < 1.2 £ 1044d15

2 erg.

Physical interpretation
This event can be understood as a result of a catastrophic instability
in a magnetar. Strong shearing of the neutron star’s magnetic field,
combined with growing thermal pressure, appears to have forced an
opening of the field outward, launching a hot fireball. The release of
energy above a rate of,1042 erg s21 (less than one part in 104 of the
peak flare luminosity) into the magnetosphere leads to the for-
mation of a hot, thermal pair plasma (kT < 0.1–1MeV)19. The fast
initial rise t rise # 1ms is consistent with a magnetospheric instabil-
ity with characteristic time tmag < (R/0.1VA) < 0.3ms, where
R < 10 km and VA < c is the Alfvén velocity in the magnetosphere,
and c is the speed of light3. This process must have occurred
repeatedly, given that the hard initial spike persisted for a duration
,103tmag. Indeed, there is evidence for spike variability in this and
other giant flares8,20,21. The resulting outflow emitted a quasi-black-
body spectrum as it became optically thin, with spectral tempera-
ture comparable to the temperature at its base, because declining
temperature in the outflow is compensated by the relativistic blue-
shift22. For luminosity L spike ¼ 1047L 47 erg s

21, where L 47 ¼ L/
1047 erg s21 and L is the luminosity emerging from a zone with
radius R < 10 km, the expected spectral temperature is T spike ¼ (
L spike/4pacR

2)0.25 ¼ 200L 47
0.25 keV, neglecting complications of

magnetospheric stresses and intermittency. Almost all the pairs
annihilated, and the outflow was only weakly polluted by baryons,
as is clear from the extended, weak radio afterglow that followed the
flare23,53. Note that we do not expect strong beaming of such
powerful emissions from such a slowly rotating star.

Figure 2 Spectrum and time history of the initial spike, from the RHESSI and Wind particle

detectors. The crosses show the spectrum measured by the Wind 3D O detector52 with

coarse time resolution that averages over the peak. The error bars are 1j, plus 10%

systematic errors. The line is the best-fitting blackbody convolved with the detector

response function; its temperature is 175 ^ 25 keV (Supplementary Information). Inset,

the time history of the peak (histogram, left-hand scale) and of the blackbody temperature

(error bars, right-hand scale) with 0.125-s resolution, from the RHESSI particle detector

(ref. 35 and Supplementary Information). The error bars are 1j, plus 25% systematic

errors.

Figure 1 Profiles of the 27 December 2004 giant flare. a, 20–100-keV time history
plotted with 0.5-s resolution, from the RHESSI g-ray detectors. Zero seconds corresponds

to 77,400 s Universal Time (UT). In this plot, the flare began with the spike at 26.64 s and

saturated the detectors within 1ms. The detectors emerged from saturation on the falling

edge 200ms later and remained unsaturated after that. Photons with energies * 20 keV

are unattenuated; thus the amplitude variations in the oscillatory phase are real, and are

not caused by any known instrumental effect (Supplementary Information). Inset, time

history of the precursor with 8-ms resolution. Zero corresponds to 77,280 s UT.

b, Spectral temperature versus time. The temperature of the spike was determined by the
RHESSI and Wind particle detectors; the temperatures of the oscillatory phase were

measured by the RHESSI g-ray detectors. Although RHESSI measured time- and energy-

tagged photons .3 keV continuously, unattenuated spectra were measured for short

‘snapshot’ intervals only twice in each 4.06-s spacecraft spin period during the oscillatory

phase (Supplementary Information). Preliminary spectral analysis (3–100 keV), using the

RHESSI on-axis response matrices, are generally consistent with a single-temperature

blackbody or optically thin thermal bremsstrahlung model; the blackbody temperatures

have been plotted. The formal uncertainties in the oscillatory phase are smaller than the

data points and are not shown.

articles

NATURE |VOL 434 | 28 APRIL 2005 | www.nature.com/nature 1099
© 2005 Nature Publishing Group 

Hurley et al. 2005
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Short Burst

Intermediate 
Flare

Giant Flare

~1045 erg s-1

~1041 erg s-1

Giant Flare: 

GRB 200415A @
The Sculptor Galaxy 
(3.5 Mpc)

Peak Luminosity

Yang et al. 2020



Introduction: magnetars
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Short Burst

Intermediate 
Flare

Giant Flare

~1045 erg s-1

~1041 erg s-1

Intermediate Flares
Burst forest from SGR 1900+14 on 2006-3-29 
observed with Swift/BAT in 15-100 keV

Peak Luminosity

Israel et al. 2008

during the first and third snapshots13 (where the observed count
rate reached!350 counts s"1) and with a 6 ; 20 pixel exclusion
region during the second snapshot (where the observed count
rate reached!1300 counts s"1). The size of the exclusion region
was determined following the procedure illustrated in Romano
et al. (2006b) and corresponded to 30%Y39% (4Y6 pixel hole) of
the XRT PSF. Ancillary response files were generated with the
task xrtmkarfwithin FTOOLS and account for different extrac-
tion regions and PSF corrections. We used the latest spectral
redistribution matrices in the calibration database maintained by
HEASARC.

The PC data show an average count rate of #0.08 counts s"1

throughout the entire monitoring campaign; therefore, no pileup
correction was necessary.We extracted the source events in a cir-
cle with a radius of 20 pixels (#4700). To account for the back-
ground, we extracted WT events within a rectangular box (40 ;
20 pixels) and PC events within an annular region (radii 85 and
110 pixels) centered on the source and far frombackground sources.

The energy-resolved light curves during the burst active phase
are shown in Figure 2 for both the XRT (panels X1 and X2) and
the BAT (panels B1YB4). The XRT light curves were background-
subtracted and corrected for vignetting and PSF losses, as well as
for pileup.

2.1. Time-resolved BAT Spectroscopy

This section refers to the analysis of the BAT data set recorded
after the fourth trigger (sequence 00203127000; see Table 1).
In consideration of the extremely pronounced variability of the
source during the burst active phase, we adopted the following
strategy for the time-resolved spectroscopic analysis: we selected
a 4000 count threshold for the accumulation of each spectrum.
This resulted in a set of 729BATmask-weighted (i.e., background-
subtracted) spectra extracted from the event data of sequence

13 A snapshot is a continuous pointing at the target.

Fig. 1.—The 15Y100 keV BAT light curves with a time resolution of 1 ms obtained during the burst forest of 2006 March 29.

Fig. 2.—BATand XRTWT light curves obtained simultaneously during the
burst forest of 2006 March 29. Different energy ranges are shown: 1Y4 and
4Y10 keV for the XRT (panels X1 and X2, respectively), and 15Y25, 25Y40,
40Y100, and >100 keV for the BAT (panels B1, B2, B3, and B4, respectively).
The XRT light curves were background-subtracted and corrected for vignetting,
PSF losses, and pileup effects. It is evident from the comparison of XRTand BAT
light curves that, on average, the IFs are harder than the short bursts, although
notable exceptions are present.

SWIFT GAZE INTO THE 2006 FOREST OF SGR 1900+14 1117No. 2, 2008
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Short Burst

Intermediate 
Flare

Giant Flare

~1045 erg s-1

~1041 erg s-1

Short Burst
• The most common events but unpredictable
• From both SGRs and AXPs

Peak Luminosity

Lin et al. 2011

The Astrophysical Journal, 739:87 (16pp), 2011 October 1 Lin et al.

Figure 1. Light curves of four bursts from SGR J0501+4516 integrated with 4 ms bin size over 8–200 keV.

Table 2
Parameters of Duration Distributions and Weighted Mean Durations for 29 Burst from SGR J0501+4516

Parameters T90 T50 T
ph

90 T
ph

50 τ90 τ50 δ90 δ50

Meana 122.6+7.9
−7.5 31.6+2.5

−2.3 124.2+17.3
−15.2 27.6+1.8

−1.7 70.3+7.2
−6.5 20.9+2.5

−2.3 0.68 ± 0.03 0.68 ± 0.02

σ b 0.35 ± 0.03 0.30 ± 0.03 0.38 ± 0.06 0.21 ± 0.03 0.39 ± 0.04 0.30 ± 0.05 0.14 ± 0.03 0.19 ± 0.02
Weighted meanc 138.3+1.07

−20.5 32.4+0.9
−0.8 161.2 ± 1.6 49.2 ± 0.8

Notes.
a Milliseconds in Columns 2–7, dimensionless in Columns 8 and 9.
b In the log frame except for δ90 and δ50.
c In milliseconds.

3.2. T
ph

90 and T
ph

50 in Photon Space

The photon-based durations, T
ph

90 , are estimated with an al-
gorithm similar to the one used above over each burst cumu-
lative fluence in erg cm−2. We used the same time resolution
(2 ms) and energy range (8–100 keV) as in the count durations.
The essential difference here is that these measurements utilize
the intrinsic (deconvolved) burst spectra instead of the detector
recorded counts to define the burst intrinsic durations indepen-
dent of different instruments. To perform these estimates, we
used the GBM public software tool RMFIT version 3.319 (for a
description of this tool see also Kaneko et al. 2006) and the new
data type CTTE specially created to facilitate analyses of short
events. This data type simply bins the 128 TTE energy channels
into the same eight bins as the CTIME data. The errors in the
duration estimates are taken from Koshut (1996) and Koshut
et al. (1996).

A detailed description of the photon-based durations can be
found in the First Two Years GRB Catalog of Fermi/GBM

19 http://fermi.gsfc.nasa.gov/ssc/data/analysis/user/

(W. Paciesas et al. 2011, in preparation). In short, an adequate
background interval is selected before and after each burst and
fit with the lowest acceptable order of a polynomial to determine
the background model parameters. Next, the entire burst interval
is fit to determine the default set of photon model parameters.
The model used in these fits is a power law with an exponential
cutoff (COMPT; described in detail in Section 4). When all
background and source model selections are determined for each
2 ms time bin, we subtract the background, fit its spectrum using
the COMPT model, and calculate its photon flux. These values
are then used as inputs for the T

ph
90 (T ph

50 ) estimates, performed
with the same algorithm described above.

Figure 3 shows the distributions of T
ph

90 (T ph
50 ) fit with a

log-normal function (panels (a) and (b)), obtaining 〈T ph
90 〉 =

124.2+17.3
−15.2 ms (σ = 0.38 ± 0.06, where σ is the width of

the distribution in the log frame) and 〈T ph
50 〉 = 27.6+1.8

−1.7 ms
(σ = 0.21 ± 0.03). The average values of the raw data
weighted by their errors are 〈T phw

90 〉 = 161.2+1.6
−1.6 ms and

〈T phw
50 〉 = 49.2+0.8

−0.8 ms. The individual T
ph

90 values can be found
in Table 1 (Column 6).

4

SGR J0501+4516 Fermi/GBM



Introduction: magnetars
The burst spectrum : BB+BB is preferred over CutoffPL

Low kT ~ 4.4 keV
High kT ~ 16 keV
Epeak ~ 45 keV

2020-12-24 THU-DOA

GBMXRT
Compt

BB+BB

Absorption ~ 

3.24×1022 cm-2

We need the broad energy 
coverage (e.g. 1-200 keV) 
to study the burst spectra.

Israel et al. 2008, Lin et al. 2012



Introduction: magnetars

Magnetar outbursts: brightening of  the persistent emission 

Different types of  magnetar based on 
the burst and outburst activities:
• Prolific bursters

Magnetars with GFs

• Prolific transients
SGR J1550-5418, SGR J1935+2154 …

• AXPs with SGR-like bursts
• Transients SGRs with low burst rates

(Gogus et al. 2014)

2020-12-24 THU-DOA

Systematic study of magnetar outbursts 19

Figure 1. Temporal evolution of the bolometric (0.01–100 keV) luminosities for all outbursts re-analysed in this work. The distances assumed are those quoted
in Table 5.

B
ol

om
et

ric
 lu

m
in

os
ity

(1
033

 er
g 

s-1
)

Time (days since outburst onset)

—   SGR 1627-41 (1998) 
—   1E 2259+586 (2002) 
—   SGR 1806-20 
—   CXOU 1647-4552 (2006) 
—   SGR 1627-41 (2008) 
—   SGR 0501+4516                            
- - - 1E 1547-5408 (2008)                
—   1E 1547-5408 (2009)                  
—   SGR 0418+5729                         
—   SGR 1833-0832                         
—   Swift 1822.3-1606                       
- - - Swift J1834.9-0846                     
- - - CXOU 1647-4552 (2011)            
- - - 1E 1048.1-5937 (2011)              
- . -  1E 2259+586 (2012)                    
- - - SGR 1745-2900                           
- - - 1E 1048.1-5937 (2016)

Figure 2. Models describing the temporal evolution of the bolometric (0.01–100 keV) luminosities for all outbursts re-analysed in this work.

MNRAS 000, 1–61 (2018)

Magnetar outbursts
Coti Zelati et al. 2018



Introduction: magnetars
Radio emission from XTE J1810-197
• A transient radio related with the X-ray outburst
• Short strong radio pulses, still can’t be seen at FRB 

distances

2020-12-24 THU-DOA

6 Camilo et al.

Figure 2. Single pulses from XTE J1810–197 at frequencies of 2 and 42GHz. We detect single pulses
from most rotations of the neutron star irrespective of frequency. a, We show here a typical set of 40 consecutive
single pulses from our GBT observation at 2GHz on MJD 53857, where each row represents the full pulse phase
displayed with 5.4-ms resolution (1,024 bins). The sum of all 40 pulses is displayed at the top. Sub-pulses (for which
we have found no evidence of “drifts”30) with typical width <

∼ 10ms arrive at different phases and gradually build
up the average profile — which, however, appears different in observations 8 days later, with the shoulder at phase
0.2–0.3 essentially missing. It is unclear whether this behaviour is similar in detail to what is observed in ordinary
pulsars. b, A train of about 115 consecutive single pulses detected at a frequency of 42GHz with the GBT, displayed
with 1.3-ms resolution. For display purposes, we have removed large-amplitude power variations with timescales of
>
∼ 10 s, probably of atmospheric origin, by high-pass-filtering the data. The flux-density scale is uncertain by a factor
of about 2. Inset, a 40-ms-long detail of the brightest pulse from the main panel, displayed with full 81.92-µs Spigot
resolution. The pulse has structure with features as narrow as ≈ 0.2ms.

Camilo et al. 2006, 
Pearlman et al. 2020



Introduction: magnetars
Bright radio pulses from SGR J1550-5418 
covered by X-ray observations

• 2019-02-03, ~5 days after the peak of  
the burst forest

• The radio pulse highly saturated 
the Parkes.

• The 6 GHz radio flux >1Jy, 
pulse width ~200 ms

• An X-ray burst was detected ~1 s 
ahead of  one radio pulse

2020-12-24 THU-DOAIsrael et al. 2020



Introduction: FRBs and magnetars

FRBs may come from magnetars

but

the smoking gun is still missing.

2020-12-24 THU-DOA



SGR J1935+2154

• 𝑃 = 3.25 s, 𝑃̇ = 1.4×10'(( s 1 s'(

• 𝐵*+$, = 2.2×10(- G
• Close to the center of  SNR G57.2+0.8
• One of  the most active magnetars

2014-07
2015-02
2016-05
2016-06
2019-11
2020-04

2020-12-24 THU-DOA
the same search for all 12 Na I(Tl) detectors, flagging
simultaneous events detected in two or more detectors.
Detectors with an angle to the source of less than 60°,6
without any blockage by the satellite were then chosen and
their location was calculated on the sky. We found 112
SGR J1935+2154 bursts in the GBM data, including 62
triggered events. Overall, there are 127 unique bursts from
SGR J1935+2154 observed with BAT and GBM, with six
events simultaneously recorded by both instruments. The ID,
instrument information, and burst start time for all 127 bursts
are listed in Table 4. We performed a spectral fit to each of
these bursts with the standard GBM analysis software RMFIT
using Castor C-statistics (c-stat). The detector response
matrices were generated with GBMDRM v2.0.

3. Results

3.1. Burst Activity History

We define an active bursting episode as the time period
during which more than two bursts are emitted, with no bursts
observed 10 days either side of this range. Using this definition,
we find four bursting episodes for SGR J1935+2154. We
exhibit the source burst history in Figure 1 and summarize the
four episode properties in Table 2. SGR J1935+2154 became
increasingly active in 2015 and 2016. It ceased activity after
2016 August. We notice that at least 10 bursts were detected
within one day for all active burst episodes, except for 2014.

Considering the persistent flux increase following each episode
(Younes et al. 2017), SGR J1935+2154 should be classified as
a prolific transient in the scheme of Göğüş (2014).
Aside from these bursting episodes, we found four isolated

events with burst IDs of 28, 125, 126, and 127).7 We also
searched seven days on either side of the intermediate flare that
occurred on the 2015 April 12th, but found no other bursts.

3.2. Burst Localization

As an imaging instrument, the BAT has the capability to
locate each triggered burst to within an uncertainty of several
arcminutes. We search for bursts in the mask-weighted
lightcurves that trace back to the position of SGR J1935
+2154, considering all additional short events to also originate
from the source (not statistical fluctuations). The false positive
rate of a change point (a block containing two change points),
was set to 5% during the search process, using the data and
prior number of change points. The algorithm is defined by
simulations of the pure noise (Scargle et al. 2013). We iterate
the search process until no further modification to the change
points is necessary and the parameters are consistent. See
Scargle et al. (2013) for more details.
Fermi/GBM provides rough burst locations by combining

the count rates in the Na I(Tl) detectors that meet the
aforementioned source-angle criterion of �60°. The uncer-
tainty of these locations is typically several degrees, depending
on the burst peak intensity. Both triggered and untriggered

Figure 1. Burst time history of SGR J1935+2154 in 1 day time bins. Left: the burst history from 2014 July to 2016 August. Right: the expanded burst history starting
from 2016 May.

Table 2
SGR J1935+2154 Activation Intervals

Episode Start Date End Date in BAT/GBM/Both Total Number Burst Fluencea Burst Energya,b

(10−7 erg cm−2) (1038 erg)

1 2014 Jul 5 2014 Jul 5 1/0/2 3 1.1 2.6
2 2015 Feb 22 2015 Mar 5 2/22/0 24 41.4 99.4
3 2016 May 14 2016 Jun 6 6/33/3 42 119.5 286.8
4 2016 Jun 18 2016 Jul 21 5/48/1 54 456.1 1094.6

Notes.
a Values are the sum of both the burst fluence and the burst energy for all bursts in each episode.
b Assuming a distance of 9 kpc to SGR J1935+2154.

6 Results do not change significantly when choosing a smaller angle,
e.g., 40°.

7 A fourth BAT burst reported later (Cummings 2014) is not included in the
sample, as the count rate data were not sufficient for further detailed analysis.
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SGRJ1935+2154, with its spin-down field strength of
B=2.2×1014 G (Israel et al. 2016b), the determination here
of 1.0 2.0S H( ( x– – nicely fits the Kaspi & Boydstun (2010)
correlation. Moreover, Enoto et al. (2010) noted a strong
correlation between the hardness ratio, defined as F FH S for the
hard and soft energy bands, respectively, and the characteristic
age τ. Following the same definition for the energy bands as in
Enoto et al. (2010), we find F F 1.4H S x , which falls very
close to this correlation line given the SGRJ1935+2154 spin-
down age τ=3.6 Kyr (Israel et al. 2016b). Since the electric
field for a neutron star E along its last open field line is
nominally inversely proportional to the characteristic spin-
down age E RB 1 2U� 8 r � , Enoto et al. (2010) argued that a
younger magnetar will be able to sustain a larger current,
accelerating more particles into the magnetosphere and causing
a stronger hard X-ray emission in the tail. This scenario is
predicated on the conventional picture of powerful, young
rotation-powered pulsars like the Crab.

The most discussed model for generating a hard X-ray tail in
magnetar spectra is resonant Compton up-scattering of soft
thermal photons by highly relativistic electrons with Lorentz
factors ∼10–104 in the stellar magnetosphere (e.g., Baring &
Harding 2007; Fernández & Thompson 2007; Beloborodov
2013). The emission locale is believed to be at distances
∼10–100 RNS where R 10NS � km is the NS radius. There the
intense soft X-ray photon field seeds the inverse Compton
mechanism, and the collisions are prolific because of scattering
resonances at the cyclotron frequency and its harmonics in the
rest frame of an electron. Magnetar conditions guarantee that
electrons accelerated by voltages in the inner magnetosphere
will cool rapidly down to Lorentz factors γ∼10–102 (Baring
et al. 2011) due to the resonant scatterings. Along each field
line, the up-scattered spectra are extremely flat, with indices

0.5 0.0h( _ � – (Baring & Harding 2007; see also Wadiasingh
et al. 2017), though the convolution of contributions from
extended regions is necessarily steeper and more commensu-
rate with the observed hard tail spectra (Beloborodov 2013).
While the inverse Compton emission can also extend out to
gamma-ray energies, the prolific action of attenuation mechan-
isms such as magnetic pair creation e eH l � � and photon
splitting H HHl (Baring & Harding 2001) limits emergent

signals to energies below a few megaelectronvolts in magnetars
(Story & Baring 2014), and probably even below 500 keV.
Beloborodov (2013, see also Chen & Beloborodov 2017)

developed a coronal outflow model based on the above picture,
using the twisted magnetosphere scenario (Thompson
et al. 2002; Beloborodov 2009). Twists in closed magnetic
field loops (dubbed J-bundles) extending high into the
magnetosphere can accelerate particles to high Lorentz factors,
which will decelerate and lose energy via resonant Compton
up-scattering. If pairs are created in profusion, they then
annihilate at the top of a field loop. Another one of the J-bundle
model predictions is a hot spot on the surface formed when
return currents hit the surface at the footprint of the twisted
magnetic field lines. The physics in this model is mostly
governed by the field line twist amplitude ψ (Thompson
et al. 2002), the voltage Φj in the bundle, and its half-opening
angle to the magnetic axis θj (Beloborodov 2013; Hascoët
et al. 2014).
The temperatures expected for the hot spots are of the

order of ∼1 keV, while areas depend on the geometry of the
bundle and the angle θj. For a dipole geometry, Aj _

A A1 4 0.02 0.3j
2

ns j
2

nsR Rx( ) ( ) , where A R4ns
2Q� : is the NS

surface area (Hascoët et al. 2014). Assuming that the hot BB
in our model discussed in the last paragraph of Section 3.3.1
represents the footprints of the J-bundle, for which we find a
temperature kT=0.8 keV, we estimate its surface area A≈
0.6 km2. Assuming that A≈Aj, we estimate θj≈0.05.
The above calculation assumes that the J-bundle is

axisymmetric extending all around the NS. The hot spot,
hence, is a ring around the polar cap rim. The smaller area that
we derive may suggest that the J-bundle is not axisymmetric
and extends only around part of the NS, implying that the twist
could have been imparted onto local magnetic field lines.
The total power dissipated by the J-bundle in the twisted

magnetosphere model can be expressed as L 2j x q
R1035

10 32 10 j,0.3
4Z N R' erg s−1 (Equation (3), Hascoët et al.

2014), where Φ10 is the voltage in units of 1010V, μ32 is the
magnetic moment in units of 1032Gcm3, R10 is the NS radius
in units of 10km, and 0.3j,0.3 jR R� . Given the magnetic
moment of SGRJ1935+2154, for choices of f10=1, ψ=1,
R10=1, and 0.2j,0.3R x , we estimate L 7 10j

32� q erg s−1.
This luminosity is a factor of ∼17 smaller than the hard tail PL
luminosity, L 1.1 10PL

34� q erg s−1, we derive with the
NuSTAR data, after normalizing it to the 2014 XMM-Newton
flux level.19 This might imply a larger voltage across the
twisted field lines than the choice of f10=1, which
corresponds to only ∼3×10−6 times the open field line
pole-to-equator voltage R B Pc2 2.8 10pNS

2 16Q x q( ) V for
SGRJ1935+2154. Another possibility is that the hard PL tail
could be much fainter during quiescence, which might indicate
a different decay trend for the high-energy tail compared to the
0.5–10 keV spectrum. A deep XMM-Newton+NuSTAR obser-
vation of SGRJ1935+2154 during quiescence would help
reveal the exact shape and power of the hard PL tail, inform on
how activation relates to heat transfer to and from the stellar
surface layers, and help refine the twisted magnetosphere
model.

Figure 6. Total 0.5–10 keV flux evolution with time for all four outbursts
detected from SGRJ1935+2154. The flux level reached the highest at outburst
onset during the latest outburst of 2016 June, during which the largest number
of bursts have been detected from the source. Solid lines represent an
exponential-decay fit. See the text for details.

19 The NuSTAR observation was taken five days after the outburst when the
simultaneous XRT observation showed an increase in the PL flux a factor of 2
above the quiescent XMM-Newton level of 2014. We normalized the hard PL
luminosity from Table 4 by the same factor. See also footnote17.
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Several isolated 
burst/flares detected 
between active episodes.

(discovery)



SGR J1935+2154
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Time (UTC) Events Telescope

April 10 & 22 2 bright bursts
Konus-Wind, Fermi/GBM, 
CALET/GRBM

April 27 18:26:20 [T0]
Many bursts + burst forests 
(~300 s) Swift/BAT, Fermi/GBM, ….

April 27 23:55:00 [~T0+5 hr] FAST started a series monitoring observation

April 28 07:14:50 [~T0+13 hr] Insight/HXMT started 60 ks pointing observation

April 28 14:34:24
FRB 200428 CHIME/FRB and STARE2

Hard X-ray burst
Insight/HXMT, Konus-Wind, 
INTEGRAL

April 30 06:58:25 – May 31 the long ToO observation of  Insight/HXMT

April 30 A weak radio pulse FAST



FRB 200428
Detected with CHIME/FRB and STARE2

2020-12-24 THU-DOA

https://chime-experiment.ca

STARE2 5

end box has a bandpass filter that sets the STARE pass-
band from 1280 MHz–1530 MHz. The signal is then am-
plified again by 18 dB and is mixed with an infrared laser
driver so that the signal can be sent via optical fiber from
the field to a server room. When the signal arrives at the
back end box in the server room, the infrared laser signal
is converted back to an RF signal. Inside the back end
box, the signal goes through a 1200MHz–1600MHz fil-
ter, is amplified again by 46 dB, mixed with a 1030MHz
local oscillator so that the 1280MHz–1530MHz signal
is downconverted to a 250MHz–500MHz intermediate
frequency signal. This signal is amplified further and
sent to a SNAP board1 to be digitized, channelized, and
integrated to the desired time resolution of 65.536µs.
The SNAP board then sends a spectrum of 2048 16 bit
channels at a frequency resolution of 0.12207MHz, every
65.536µs to a server.
The system temperature at each site is 60± 5K. This

was measured with the y-factor method by pointing the
receiver at zenith and measuring the passband over 10
seconds of recorded data with absorber on and o↵ of
the feed. This value represents an average across the
band. Given our system temperature, we can compute
the system equivalent flux density (SEFD) within the
FWHM of the beam pattern. We find the SEFD is 19±
2MJy.
The server receives the data from the SNAP, measures

the passband, normalizes the data by the shape of the
passband, and filters out RFI. The RFI filtering pipeline
replaces single pixels in the dynamic spectrum above an
SNR of 20, blocks of width 1.95MHz and 3.3ms above
an SNR of 20, and spectral channels that change by more
than an SNR of 10 over 1.6 s or have significantly higher
variance than average with the mean value of all pixels.
The threshold for the variance is set empirically to re-
move no channels under typical RFI conditions and let
through an single injected 1ms long burst with an SNR
of 1000. Typically, 25% of the band is unusable due
to RFI. Because a fast radio burst as bright as the ones
seen in other galaxies would likely cause the data to meet
these criteria, we also enforce that no more than 730 out
of 2048 spectral channels will be replaced at any given
time so that a broadband burst will not be completely
removed from the data.
We use heimdall(Barsdell et al. 2012) to search the

data out of the RFI pipeline for dispersed signals.
heimdall dedisperses the data, convolves the data with
several matched filters corresponding to di↵erent pulse
widths, then computes the signal to noise for each time
sample, DM, and pulse width, and finally groups high
signal to noise candidates of similar times, widths, and
DMs together. We search 1546 DMs between 5 pc cm�3

and 3000 pc cm�3, with a loss in SNR between DM tri-
als of 25% for a candidate that is one time integration
wide (Levin 2012). We search ten logrithmically spaced
pulse widths between 65.535µs and 33.5ms. We save ev-
ery candidate above an SNR of 7.3. This threshold was
determined empirically to be as low as possible with-
out producing an overwhelming number of candidates.
The fact that we require events to be detected indepen-
dently at multiple sites allows us to use a lower thresh-
old than other experiments. Therefore, for an e↵ective

1https://casper.ssl.berkeley.edu/wiki/SNAP

Fig. 6.— Map of STARE2 stations with light travel time delays
between the baselines. The OVRO and Goldstone sites in green are
operational, while the Delta and Pie Town sites in red are options
for additional stations.

bandwidth of 188MHz (the average available bandwidth)
and pulse width of 1ms, we are sensitive to events above
314± 26 kJy.
To estimate the completeness of our detection pipeline,

we injected 5484 broadband pulses with a flat spec-
tral index into data from a single station. We detected
4055 of them. The pulses had log uniformly distributed
SNRs ranging from 7.3 to 104, log uniformly distributed
DMs ranging from 5pc cm�3 to 3000 pc cm�3, and log
uniformly distributed durations between 0.066ms and
45.340 ms. Because we run each station independently,
our two station coincidences are approximately 55% com-
plete.
The distance between the two stations is 258 km, cor-

responding to a light travel time of 0.86ms between the
stations. Each station generates candidate events inde-
pendently. In addition to our single station RFI removal,
RFI is filtered out by enforcing that a candidate was
found at each site within one light travel time, 0.86ms
plus the maximum duration of a candidate, 33.554ms,
which gives a window in time for coincident events of
34.414ms.
In order to successfully detect coincident events at mul-

tiple independent sites, keeping accurate absolute time is
critical. To time-stamp the start of an observation, we
use a GPS receiver that produces one pulse per second
(1PPS) at the start of every GPS second. This receiver
is locked to a rubidium clock to minimize drift on small
timescales. This 1PPS is accurate to within 250 ns. To
keep track of time during an observation, we rely on the
clock that runs the ADC. This clock is locked to a 10MHz
reference that is good to better than 2 parts in 109. We
obtain a new 1PPS pulse every 5 hours to reset the sys-
tem. The di↵erence in cable lengths between the two
sites should also impart an o↵set of no more than 3µs,
with the station at OVRO having longer cables.
The RFI filtering and candidate search pipeline pro-

duces a candidate rate of 83 hr�1 at OVRO and 270 hr�1

at GDSCC. The rate of coincidences is 5 day�1. This
rate is consistent with the expected rate of coincidences
assuming that the candidates at OVRO are unrelated
to the candidates at GDSCC, and while there are cor-
related events associated with the Sun and RFI, they
are a minority of candidates. Real correlated events are
distinguished by their dynamic spectra and time delay
between the two sites.

4. DETECTION OF A SOLAR BURST

CHIME: 400-800 MHz, FOV ~ 3 deg * 120 deg

Bochenek et al. 2020a

STARE2: 1280-1530 MHz



FRB 200428

CHIME/FRB: two sub-bursts STARE2: the 2nd sub-burst 

~ 1.5 MJy ms

2020-12-24 THU-DOA
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Figure 1: Burst waterfalls. Total intensity normalized dynamic spectra and band-averaged time-
series (referenced to the geocentre) of the detections by (a) CHIME/FRB and (b) ARO, rela-
tive to the geocentric best-fit arrival time of the first sub-burst based on CHIME/FRB data. For
CHIME/FRB, the highest S/N beam detection is shown. Dynamic spectra are displayed at 0.98304-
ms and 1.5625-MHz resolution, with intensity values capped at the 1st and 99th percentiles. Fre-
quency channels masked due to radio frequency interference are replaced with the median value
of the off-burst region. The CHIME/FRB bursts show a “comb-like” spectral structure due to their
detection in a beam sidelobe as well as dispersed spectral leakage that has an instrumental origin
(see Methods).

8

a b

-15 0 15 30 45
400

500

600

700

800

Fr
eq

ue
nc

y
(M

H
z)

-15 0 15 30 450.0 0.2 0.4 0.6 0.8 1.0

Time - 2020-04-28 14:34:33.048 UTC (ms)

0.0

0.2

0.4

0.6

0.8

1.0

Figure 1: Burst waterfalls. Total intensity normalized dynamic spectra and band-averaged time-
series (referenced to the geocentre) of the detections by (a) CHIME/FRB and (b) ARO, rela-
tive to the geocentric best-fit arrival time of the first sub-burst based on CHIME/FRB data. For
CHIME/FRB, the highest S/N beam detection is shown. Dynamic spectra are displayed at 0.98304-
ms and 1.5625-MHz resolution, with intensity values capped at the 1st and 99th percentiles. Fre-
quency channels masked due to radio frequency interference are replaced with the median value
of the off-burst region. The CHIME/FRB bursts show a “comb-like” spectral structure due to their
detection in a beam sidelobe as well as dispersed spectral leakage that has an instrumental origin
(see Methods).
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FRB 200428
The radio localization of  FRB 200428

2020-12-24 THU-DOA

Figure 2: STARE2 localisation of ST 200428A. Right: An altitude and azimuth
view of the sky at the OVRO STARE2 station at the time ST 200428A was detected.
The large black circle corresponds to the STARE2 field of view (FOV), which is set by
the edge of a horizon shield at OVRO3. A grey circle labelled “3 dB” indicates the
zenith angle corresponding to the FWHM of the STARE2 response on the sky. The thick
blue line represents the CHIME FOV. The yellow star represents the Sun, which is a
common source of STARE2 triggers3. The black dot represents the known position of
SGR 1935+2154. The three light blue arcs correspond to the 95%-confidence localisations
for each individual STARE2 baseline. The black quadrilateral represents the outline of
the region shown in the left panel. Left: The 95% confidence STARE2 localisation
region of ST 200428A is shown as a blue ellipse. The blue gradient corresponds to
the probability the burst occurred at that location. The CHIME localisation region16

corresponds approximately to the black circle. The known position of SGR 1935+2154,
which is identical to the position of the weak burst detected by FAST17, is shown as a
black dot.
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FRB 200428

2020-12-24 THU-DOA

• The most energetic 
radio pulse from  
galactic magnetars

• The weakest FRB, but 
still visible at 
cosmological distance

FRB 200428 is a Galactic analogue of  the extragalactic FRBs.



FRB 200428—the hard X-ray burst
11 Bursts detected with HXMT on 
April 28 

2020-12-24 THU-DOA

Extended Data Table 1: Bursts detected by Insight-HXMT from 2020-04-28T07:14:51 to 2020-

04-29T00:00:00. In the table, trigger time is the satellite time, the energy band for fluence calcu-

lation is 1–250 keV, duration is that covers 90% of the burst counts, and ∆t is the time difference

between burst and FRB 200428.

Trigger time (UTC) Fluence Duration ∆t

10−8erg cm−2 s s

2020-04-28T08:03:34.35 5.65± 1.14 0.11 -23458.65

2020-04-28T08:05:50.15 5.04± 1.39 0.07 -23322.85

2020-04-28T09:08:44.30 1.37± 1.86 0.06 -19548.70

2020-04-28T09:51:04.90 25.58 ± 2.51 0.42 -17008.10

2020-04-28T11:12:58.55 1.30± 1.41 0.06 -12094.45

2020-04-28T12:54:02.20 0.87± 1.09 0.40 -6030.80

2020-04-28T14:20:52.50 2.93± 1.17 0.60 -820.50

2020-04-28T14:20:57.90 2.06± 2.45 0.06 -815.10

2020-04-28T14:34:24.00 63.68 ± 6.62 0.53 -9.00

2020-04-28T17:15:26.25 0.25± 0.42 0.08 9653.25

2020-04-28T19:01:59.85 3.01± 1.22 0.16 16046.85

Extended Data Table 2: Events lost due to saturation and deadtime in T0 + 0.37 and T0 + 0.62 s

Telescope Group ID N1a LR1b N2c LR2d

0 5627 66.0% 981 11.5%

HE 1 6210 70.8% 1106 12.6%

2 4793 61.7% 909 11.7%

0 0 0 379 32.8%

ME 1 0 0 554 47.6%

2 0 0 688 53.0%

0 276 29.6% 0.26 0.03%

LE 1 377 35.2% 0.27 0.03%

2 418 37.6% 0.27 0.03%
a N1 is the number of events lost due to saturation.
b LR1 is the lost ratio of events due to saturation.

c N2 is the number of events lost due to deadtime. For LE, the deadtime is induced by the forced trigger events.
d LR2 is the lost ratio of events due to deadtime.
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FRB 200428—the hard X-ray burst

The radio LC (CHIME)v.s. the X-
ray LC (HXMT)

• Two short spikes, separated by 
~30ms

• The time difference between 
radio and X-ray is ~8.62s，
agree with the DM prediction.

2020-12-24 THU-DOA

These two spikes are the key evidence 
of  the association between FRB and 

the hard X-ray burst.
Li et al. 2020



FRB 200428—the hard X-ray burst

The burst location using HXMT data is 3.7 arcmin away from 
SGR J1935+2154, with 1𝜎 uncertainty of  10 arcmin. 

This agrees with the Integral result.
2020-12-24 THU-DOALi et al. 2020



FRB 200428—the hard X-ray burst

Non-thermal: cutoffPL

2020-12-24 THU-DOA

Figure 3: The spectrum observed with Insight-HXMT covers the 1–250 keV energy band. Data

from the three telescopes of Insight-HXMT covering different energy bands are represented in

different colors (LE: black, ME: red and HE: green). In the fitting process, we introduced a constant

factor to offset the different saturation and deadtime effects in different detectors. Four models

were considered, cutoff power-law (CPL), blackbody+power-law (BB+PL), power-law (PL), and

blackbody+blackbody (BB+BB). The equivalent hydrogen column in the interstellar absorption

model was free to fit. (a) The X-ray spectrum of SGR J1935+2154 described by CPL model. The

inset (f) shows the comparison between the radio flux lower limit detected with STARE29 and

extrapolations from the X-ray spectrum to the radio frequency range, where the green and orange

regions are the 3σ error bands with the parameters of the CPL (below STARE2) and BB+PL (above

STARE2) models, respectively. Panels (b)-(e) are the residuals of the data from the individual

models, respectively. (see Methods for details of the spectral fitting and parameters derived.)
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peaks (∼ 30 ms) is consistent with that of the two narrow peaks in FRB 200428, and the appar-

ent time lag between X-ray and radio peaks (∼8.57 s) is in good agreement with the calculated

dispersion delay (8.63 s) between X-ray and radio using the DM (∼333 pc/cm3) measured by

CHIME/FRB8 and STARE29. We thus identify the burst detected by Insight-HXMT is associated

with FRB 200428 and both belong to a single explosive event from SGR J1935+2154.

The time-integrated spectrum of this burst (T0 − 0.2 s to T0 + 1.0 s) is derived jointly

using HE, ME and LE data (Figure 3, see Methods for details of spectral fitting). The best

fit and statistically acceptable model is a cutoff power-law (CPL) with neutral hydrogen col-

umn density nH = (2.79+0.18
−0.17) × 1022 cm−2, photon index Γ = 1.56 ± 0.06 and cutoff en-

ergy Ecut = 83.89+9.08
−7.55 keV. The unabsorbed fluence is (7.14+0.41

−0.38) × 10−7 erg cm−2 in 1–

250 keV, corresponding to a total emission energy of ∼ 1 × 1040 erg for the 12.5 kpc18 distance

of SGR J1935+2154. This burst is brighter than ∼ 84% of events collected from the source dur-

ing 2014− 2016 with Fermi/GBM13. We also fit the spectrum with several other spectral models,

e.g., single power-law (PL), double blackbody (BB+BB) and blackbody plus power-law (BB+PL).

The fit to the BB+PL mode is marginally consistent with data, with slightly higher column density

(nH = (3.50 ± 0.17) × 1022 cm−2) and larger photon index (Γ = 1.93 ± 0.04); the flux of the

unabsorbed blackbody component with temperature of 11.32+0.55
−0.56 keV is only 18% of the total flux

in 1–250 keV. The other two models provide significantly worse fit and are thus rejected.

We conclude that the integrated spectrum is dominated by a power-law covering at least the

1-100 keV range, and thus this burst is primarily non-thermal in nature. It is also clear that the two

narrow peaks separated by ∼ 30 ms must also be dominated by a non-thermal spectrum, since the

hardness reaches its maximum during the peak of the second bump of the lightcurves where the

two narrow peaks are found. It is interesting to note that the lower limit of the radio flux detected

with STARE29 falls in between the extrapolated values from the non-thermal X-ray spectrum with

the power-law parameters of the fits to the CPL and BB+PL models (see the panel (f) in Figure 3).

In summary, with the observation of Insight-HXMT we have identified that the short non-

thermal X-ray burst was emitted by the Galactic magnetar SGR J1935+2154 and produced almost

simultaneously with FRB 200428 in a single explosive event. In the literature, FRB emission has

been interpreted as either coherent curvature radiation of electron-positron pairs from a neutron star

magnetosphere19–21 or synchrotron maser emission in a relativistic, magnetized shock22, 23. Since

magnetar bursts are believed to be magnetosphere-related24, the fact that the narrow double peaks

in both radio and X-ray are emitted around the same time, and hence, likely originate from the

same emission region, lends support to the magnetospheric models of FRBs.

However, a thermal origin is preferred for normal short bursts from magnetars25, 26. We notice
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Such X-ray burst is non-detectable 
if  placed at a normal FRB distance.  



FRB 200428—the hard X-ray burst

This burst is spectrally different from 

other X-ray bursts from SGR1935 
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Figure 2. Grey-solid lines represent the probability density function (PDF) of the CPL index (left 188 
panel) and high-energy cutoff Ecut (right panel) for our sample of 24 bursts. In both panels, the 189 
black-solid lines are the PDF of a Gaussian kernel for the corresponding 24 PDFs. The blue dot-190 
dashed lines are the PDFs of the index (left) and the high-energy cutoff (right) as measured with 191 
HXMT in the FRB-associated burst. The red dashed lines are the PDFs of the index and cutoff 192 
energy of NICER+GBM simulated spectra based on the spectral parameters of the FRB-associated 193 
burst (see Methods). The probability of the FRB-associated burst to have an index drawn from our 194 
population of bursts is 1.4 × 10!", while the probability of Ecut to be drawn from our sample is 195 
1.0 × 10!#$, highlighting the unique properties of the FRB-associated burst compared to the rest 196 
of the burst population. 197 
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SGR J1935+2154
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Time (UTC) Events Telescope

April 10 & 22 2 bright bursts
Konus-Wind, Fermi/GBM, 
CALET/GRBM

April 27 18:26:20 [T0]
Many bursts + burst forests 
(~300 s) Swift/BAT, Fermi/GBM, ….

April 27 23:55:00 [~T0+5 hr] FAST started a series monitoring observation

April 28 07:14:50 [~T0+13 hr] Insight/HXMT started 60 ks pointing observation

April 28 14:34:24
FRB 200428 CHIME/FRB and STARE2

Hard X-ray burst
Insight/HXMT, Konus-Wind, 
INTEGRAL

April 30 06:58:25 – May 31 the long ToO observation of  Insight/HXMT

April 30 A weak radio pulse FAST



FRB v.s. SGR burst

2020-12-24 THU-DOA

FAST detected NO 
radio pulse at the 
time of  29 X-ray 
bursts.

The non-detection 
places a fluence 
upper limit that is 8 
orders of  magnitude 
lower than the 
fluence of  FRB 
200428. 



FRB v.s. SGR burst
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From Pei Wang’s PPT

FAST detected NO 
radio pulse at the 
time of  29 X-ray 
bursts.

The non-detection 
places a fluence 
upper limit that is 8 
orders of  magnitude 
lower than the 
fluence of  FRB 
200428. 



FRB v.s. SGR burst
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FRB–SGR burst associations are 
rare.
• FRBs may be highly relativistic and 

geometrically beamed. 

• FRB-like events associated with SGR 
bursts may have narrow spectra and 
characteristic frequencies outside the 
observed band of  FAST.

• The physical conditions required to 
achieve coherent radiation in SGR bursts 
are difficult to satisfy, and that only 
under extreme conditions could an FRB 
be associated with an SGR burst. FRB review by Bing Zhang

2020 Nature



Conclusions

üPart, if  not all, of  FRBs are from magnetars.

üFRBs from magnetars can be associated with X-ray bursts.

üFRB–SGR burst associations are rare.
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