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磁星及其观测特点
Magnetar，磁星（超磁星）：

极强磁场的脉冲星
Soft-Gamma Repeaters (SGRs)& 
Anomalous X-ray Pulsars (AXPs)

• 𝐿!~10"" − 10"#erg/s >𝐿$%&
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• ～30 已知磁星
• 主要分布在银盘上，大小
麦哲伦云各一个

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, !, 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 ! 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 3! 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 ! 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 ! " 3.8. On the
other hand, there does appear to be an excluded region in the LX
versus ! graph, where one would find lower-luminosity sources
with hard power laws (though given the large uncertainty in !,
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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磁星的爆发
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Short Burst

Intermediate 
Flare

Giant Flare

~1045 erg s-1

~1041 erg s-1

Giant Flare: 最剧烈、最稀少
• 3 confirmed 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 ! (175 ^ 25) keV. The spike energy is thus
E spike ! (3.7 ^ 0.9) £ 1046d15

2 erg, assuming isotropic emission.
The peak flux in the first 0.125 s was L spike ! 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 ! 1047L 47 erg s

21, where L 47 ! 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 ! (
L spike/4pacR

2)0.25 ! 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 
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磁星的爆发
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Short Burst

Intermediate 
Flare

Giant Flare

~1045 erg s-1

~1041 erg s-1

Giant Flare:

• 邻近星系磁星的GF à
SGRB

GRB 200415A @
The Sculptor Galaxy 
(3.5 Mpc)

• 若GECAM爆发探测灵
敏度 2×10!"cgs，则
GF(peak)理论可见距
离～300 Mpc

Peak Luminosity

4Yang et al. 2020
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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 !90 !50 "90 "50

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

# 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 "90 and "50.
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 (# = 0.38 ± 0.06, where # is the width of

the distribution in the log frame) and "T ph
50 # = 27.6+1.8

!1.7 ms
(# = 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
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磁星爆发活跃期

不同磁星在活跃期的爆发数量和持续辐射的变
化不尽相同
• 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)

2020-10-31 第二届GECAM研讨会 7

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.
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—   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



Prolific transients

• SGR J1550-5418
• 3 active episodes in 2008-2009
• Burst forest on Jan. 22, 2009

• SGR J1935+2154
• 6 active episodes in 2014-2020
• Burst forest on Apr. 27, 2020”

ühundreds of  bursts in several 
minutes [can be missed by GBM 
but won’t by GECAM]

üEnhanced hard X-ray persistent 
emission in GBM

2020-10-31 第二届GECAM研讨会 8
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on the source 41 times: the number of triggers was limited
only by the instrument’s capability and did not reflect the actual
number of bursts emitted by the source. In fact, our on-ground
search for untriggered events revealed a total of !450 bursts
during this 24 hr period: an unusually high burst frequency from
a single source (A. J. van der Horst et al. 2010, in preparation).
Based on this SGR-like behavior, we renamed the source as
SGR J1550–5418 (Kouveliotou et al. 2009).

Upon examination of the data from the first GBM trigger
on January 22, we identified 29 short events riding on an en-
hancement of the underlying persistent emission lasting !150 s.
Closer inspection of this enhancement in different energy ranges
revealed periodic oscillations with a period consistent with the
spin period of SGR J1550–5418. We present here a detailed
temporal and spectral analysis of this enhanced emission pe-
riod. In Section 2, we briefly describe our observations and the
GBM instrument and data types. We present our temporal anal-
ysis results in Section 3, and our spectral studies in Section 4.
Finally, we discuss the physical implications of our discovery
in Section 5.

2. INSTRUMENTATION AND DATA

The Fermi/GBM consists of 12 Na i detectors (8–1000 keV)
arranged in four clusters of three each and two BGO detectors
(0.20–40 MeV) at opposite sides of the spacecraft (for a detailed
description of the instrument, see Meegan et al. 2009). GBM is
currently the only instrument with continuous broadband energy
coverage (8 keV–40 MeV) and a wide field of view (8 sr after
taking into account occultation by the Earth) and is, therefore,
uniquely positioned to accomplish a comprehensive magnetar
(or any transient event) monitoring. In trigger mode, GBM
provides three types of data; CTIME Burst, CSPEC Burst, and
time-tagged event (TTE) data (Meegan et al. 2009). The CTIME
Burst data have time resolution of 64 ms with rather coarse
spectral information (eight energy channels). The CSPEC Burst
data provide high-resolution spectra (128 energy channels)
collected every 1.024 s. Both CTIME Burst and CSPEC Burst
accumulate data for !600 s after a trigger. The TTE data provide
time-tagged photon event lists for an accumulation time of 330 s,
starting 30 s prior to the trigger time; this data type provides
superior temporal resolution down to 2 µs at the same spectral
resolution as the CSPEC Burst data.

The first GBM trigger at the onset of the second active
episode from SGR J1550–5418 was on 2009 January 22 at
00:53:52.17 UT (= T0, GBM trigger number 090122037). In the
600 s of the trigger readout, we detected many individual short
bursts using our on-ground untriggered burst search algorithm.
To accept an event as an untriggered burst, we required excess
count rates of at least 5.5! and 4.5! in the first and second
brightest detectors, respectively, in the 10–300 keV energy
range. We used CTIME data in both continuous (256 ms time
resolution) and Burst mode (64 ms resolution). Subsequently,
we inspected energy-resolved burst morphology and compared
each detector zenith angle to the source for all 12 detectors, to
determine whether the events originated from SGR J1550–5418.
In total, we identified about a dozen very bright bursts and over
40 less intense bursts within 600 s after T0 (see Figure 1). During
the same trigger readout, we also discovered an enhancement
in the underlying persistent emission starting at approximately
T0 + 70 s and lasting for !150 s (see the inset of Figure 1).

One of the events recorded during these 600 s, specifically the
burst at T0+147 s, was so bright that it initiated an autonomous
repoint recommendation (ARR), causing the spacecraft to start

Figure 1. Light curve of SGR J1550–5418 in 12–293 keV (GBM Na i 0 CTIME
data channels 1–4). An enlarged view of the pulsed, enhanced emission is shown
in the inset. The dashed line indicates the background level.

slewing toward the SGR J1550–5418 direction. As the source
was already close to the boresight of the Large Area Telescope
(LAT), the slew angle was pretty small. However, we proceeded
to check whether the observed emission enhancement was
artificially caused by the spacecraft slewing. First, we calculated
the variation in time of the zenith angle of SGR J1550–5418 for
each of the 12 GBM detectors. At the onset of the enhancement
(T0 + 70 s), the Na i 0 detector had the smallest zenith angle
to the source of 15". Due to the ARR, Na i 0 kept a constant
angle of 18" to the source from T0 + 150 s to T0 + 210 s, after
which it constantly slewed away from the source until it reached
an angle of 23" at T0 + 270 s. During this time the persistent
emission kept rising until T0 + 150 s, which alone confirms that
the enhanced emission is intrinsic to SGR J1550–5418. The
source was in the field of view of the detector until !T0 + 225 s,
at which time it went into an occultation by the LAT. At the
same time, Na i 6 was slewing toward the source at an angle
of 20", but the emission was unfortunately obscured by the
LAT until !T0 + 225 s. We note, however, that the enhanced
emission was not clearly detected with Na i 6 after T0 + 225 s.
Based on the above, we conclude that the rise of the enhanced
emission was definitely not caused by the spacecraft slew but by
the source itself; we cannot unambiguously determine the end
of the decay trend (or the total duration of the enhancement) in
the data due to LAT obscuration. In the analysis presented in
this paper, we have exclusively used data from Na i 0 (unless
noted otherwise), to avoid any obscuration effects. Finally, we
also checked the LAT data (20 MeV–300 GeV) of the entire day
for associated high-energy gamma-ray emission, but found no
evidence of high-energy photons originating from the direction
of SGR J1550–5418.

3. TEMPORAL PROPERTIES OF PULSED HARD X-RAYS

3.1. Timing Analysis

During our search for untriggered events in the first trigger
interval of 2009 January 22 from SGR J1550–5418, we found
strong apparent periodic modulations in the enhanced emission
period from T0 + 130 to 160 s in the 50–102 keV data of

SGR 1550-5418
Kaneko et al. 2010

SGR 1935
Kaneko et al. 
2020 in prep.

Time (s)

Count 
rate



Prolific transients

ü爆发性质有演化
Burst forest 爆发宽能段能谱一般为BB+BB 

• SGR J1550-5418
• 2008年活跃期爆发能谱仅需单一BB成分 (von Kienlin et al. 2012)
• 2009年爆发则需要双BB成分 (Israel et al. 2008, van der Horst et al. 2009, Lin et al. 2012)

• SGR J1935+2154
• 2014-2016的爆发能谱比2019-2020的爆发能谱硬

2020-10-31 第二届GECAM研讨会 9SGR J1935+2154
Lin et al. 2020

Compton wavelength M � � m ceC . It is thus anticipated that
thermalization is locally signi!cant, though incomplete.

The comparison of the average9 Epeak of bursts between
2014 and 2016 indicates a slight drop in hardness when
progressing from that epoch to the 2019/2020 bursts in this
study, although this variation is within the 1! level: Epeak drops
from !30–35 keV to 27 keV, respectively (the left panel of
Figure 6). Combining this trend with the rise in "uence
exhibited in the left panel of Figure 5 over the same period
suggests an anticorrelation between the average Epeak and
"uence. Note that this is opposite to the Epeak–F trend in
Figure 4 present for the 2019–2020 burst population. This
evolutionary character is underpinned by an increase in the
average burst duration Ubb for the 2019–2020 bursts relative to
the historic ones: see the right panel of Figure 6. We note that
short bursts from other magnetars typically have an Epeak of
!40!keV (Collazzi et al. 2015), indicating that bursts from
SGR J1935+2154!are also somewhat softer, corresponding to
cooler plasma temperatures. Yet, noting the trend of increasing
burst "uence over the 2014–2020 period, it is plausible to
assume that the energy deposited into the magnetosphere
(about 1039 erg) to precipitate these bursts is actually slightly
increasing over this 6 yr interval. Given that the sizes of the
emitting area for the high temperature BB component in our
sample are consistent with that of other magnetars (van der
Horst et al. 2012), we propose that the cooling of the maximum
effective plasma temperature of SGR J1935+2154!bursts over
time could correspond to greater masses and densities in the
magnetospheric plasma emitting the bursts on average, and
hence higher opacities. The likely coupling between such
densities, temperature, and the spectral index as discussed in
Lin et al. (2011, 2012) can help provide diagnostics for models
of polarized radiative transport that lead to the generation of the
spectra studied here.

A nonthermal spectrum has been reported for the hard X-ray
burst associated with FRB!200428 from SGR J1935+2154!,
with parameters "!!!"1.5 and Epeak!!!37 keV when con-
verted to our presentation here of the COMPT model (Li et al.
2020a). This peak energy is slightly higher than that of bursts
with similar "uences in our sample10 (see the lower left panel

of Figure 4). Therefore, the X-ray burst associated with the
FRB is a slightly harder magnetar burst, yet with a noticeably
steeper spectrum, a contrast highlighted in Younes et al.
(2020a). As discussed above, this peculiar burst might have
originated from a low density plasma region. Indeed the PL
index of the burst associated with FRB!200428, as reported by
Li et al. (2020a), is the steepest (softest) compared to the earlier
bursts from SGR J1935+2154!or bursts from other magnetars.
This is in agreement with the joint spectral analysis of GBM
and NICER for SGR J1935+2154!(Younes et al. 2020a) and
GBM and Swift/XRT data for SGR!J1550"5418 (Lin et al.
2012). In order to reach a typical Epeak with a soft index, the
overall spectral curvature needs to be rather "at, close to a
power law with a relatively high cutoff energy (Li et al. 2020a;
Ridnaia et al. 2020b). The 56 bursts in our sample that can be
!t with the COMPT model reveal a softer Epeak with a typically
harder photon index. This suggests a larger curvature in the
spectral shape, indicating a more thermalized spectrum. This is
also in agreement with the previous broadband spectral analysis
of other magnetar bursts (Israel et al. 2008; Lin et al. 2012). A
more thermalized spectrum may indicate an environment with a
higher plasma density and thus scattering opacity, with the
emission region perhaps spanning smaller ranges of magneto-
spheric altitudes. High opacity is extremely destructive for
coherent radio emission mechanisms, and so it is reasonable to
assert that radio signals are less likely to be generated in
association with these putatively higher density bursts. This is
in agreement with the nonradio detection of radio pulses from
other SGR J1935+2154!bursts (Lin et al. 2020b).
Recently three faint FRB-like events from SGR J1935

+2154!were detected, one on 2020 April 30 (Zhang et al.
2020) and two on 2020 May 24 (Kirsten et al. 2020). At the
time of the !rst radio burst, the GBM line of sight to the
magnetar was occulted by the Earth. The times of the latter two
events, which were separated by only 1.4 s from each other,
were within the GBM !eld of view and their time span was
covered by our search for untriggered events; we did not !nd
any X-ray bursts coincident with these radio bursts. We place a
3! "ux upper limit in the 8–200 keV band of 2.2!!!10"8 erg
cm"2 s"1, assuming bursts with 0.5!s duration and with the
same spectral shape with that of the burst associated with
FRB!200428. This further implies that the "ux ratio between
X-ray and the 2020 May 24 radio events is less than 10"9 (erg
cm"2)/(Jy ms).

Figure 6. The evolution of Epeak (left, black dots), " (left, magenta triangles), Ubb (right, black dots), and averaged burst "ux (right, magenta triangles) in 8–200 keV
throughout the six years of activity from SGR J1935+2154!(2014 to 2020). The error bars are the 1! standard deviation of the Gaussian distribution. The magenta
triangles are shifted to the right by 10 days for better visibility.

9 It is the mean value of the Gaussian !t to the distribution of Epeak. This is
also the case for average " and Ubb.
10 The same result is reported independently using a subset of our sample
(Yang et al. 2020).

10

The Astrophysical Journal Letters, 902:L43 (11pp), 2020 October 20 Lin et al.



Prolific transients

ü基于STEMS模型，表面磁场可能
发生变化

Bsurf > Bdip
(Ng et al. 2010, Gogus et al. 2020 submitted)

üX-ray脉冲轮廓发生变化
• 可能出现新的辐射较强的相位
• 脉冲辐射比例降低

(Ng et al. 2010, Younes et al. 2020 submitted, Gogus et 
al. 2020 submitted)
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SGR 1550-5418
Ng et al. 2010

The Astrophysical Journal, 729:131 (8pp), 2011 March 10 Ng et al.

Figure 2. Pulse profiles of 1E 1547.0!5408 in 1–7 keV obtained from the
Chandra observations, using 64 phase bins. The rms PFs from Table 1 are
indicated.

significant given the measurement uncertainty is only "0.01.
However, such an energy dependence is not observed in 2009,
with the PFs in the two bands being consistent with each other.

2.2.2. Chandra Spectroscopy

The Chandra spectra of 1E 1547.0!5408 were extracted
using the tool psextract in CIAO, then binned such that every
bin has an S/N of at least 10. We performed the spectral fits
in the 0.5–7 keV range with XSPEC v12.6.0. All nine data sets
were fitted jointly with a single absorption column density (NH).
We also tried fitting different NH values for the 2008 and 2009
data, and confirmed that they are consistent. We started with
simple models including an absorbed blackbody (BB) and an
absorbed power law (PL), but obtained very poor fits (reduced
!2 values over 1.5). An absorbed blackbody plus power-law
(BB+PL) model gives much better fits and the results are listed
in Table 2 and plotted in Figure 3. As shown in the figure, the fit
residuals suggest a hint of a spectral feature "1.3 keV, which is
more obvious in 2009 than in 2008. However, the significance
is only "1" and deeper exposures are needed to confirm this.

In addition to the BB+PL model, we also considered more
physical models that account for the Compton up-scattering
of the thermal photons in the magnetosphere. We tried fitting
the Resonant Cyclotron Scattering (RCS; Lyutikov & Gavriil
2006; Rea et al. 2008) and the Surface Thermal Emission and
Magnetospheric Scattering (STEMS; Özel 2003; Güver et al.
2006) models to the data. In the latter, the gravitational redshift is
fixed at z = 0.306 during the fit, corresponding to the canonical
neutron star mass of 1.4 M# and radius of 10 km. While these
models fit the 2008 data reasonably well, the 2009 spectra clearly
require an additional hard component. Therefore, we added a PL
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Figure 3. Best-fit blackbody plus power-law model fit to the 2008 and 2009
Chandra spectra (upper panels) with the corresponding residuals (lower panels).
Different observations are shown by different colors. The corresponding best-fit
spectral parameters are listed in Table 2.
(A color version of this figure is available in the online journal.)

to the spectral model in 2009, with ! fixed at 1.33 according to
the Suzaku results (Enoto et al. 2010).10 Compared to the BB+PL
fit above, these models provide a similar goodness of fit in terms
of the reduced !2 values. Table 2 lists the key parameters of the
best-fit models. The scattering optical depth # is around 1–2
in 2008 and ! 3 in 2009, and the thermal velocity $ of the
electrons is "0.4–0.5 in 2008 and "0.2 in 2009 (see Lyutikov
& Gavriil 2006, for a detailed definition of these parameters).

3. DISCUSSION

In this paper, we have reported on Chandra observations
of 1E 1547.0!5408 immediately following its 2008 and 2009
outbursts, along with RXTE timing and pulsed flux behavior
following the 2008 outburst and throughout the 2009 event. Next
we discuss these observations in the context of the magnetar
model.

3.1. Spectral and Spin Evolution

In the twisted magnetosphere model of magnetars (Thompson
et al. 2002), the observed X-ray luminosity of a magnetar is de-
termined both by its surface temperature and by magnetospheric

10 The INTEGRAL results also suggest that the hard-band PL spectral index
remained stable over the period of the Chandra observations (den Hartog et al.
2009).
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Prolific transients

üBurst forest 之后有(FRB-like) 明亮的射电脉冲辐射

2020-10-31 第二届GECAM研讨会 11

?A radio pulse from SGR J1550-5418 is possible associate 
with an X-ray burst
• 2019-02-03, ~5 days after the peak of  

the burst forest

• The radio pulse highly saturated the Parkes.

• The X-ray burst detected with XMM-Newton 
is also piled-up.

• The 6 GHz radio flux >1Jy, pulse width ~200 ms
(Burgay et al. 2018) 

320 M. Burgay et al.

Figure 1. Left: 6-GHz radio (black line) and 1-10keV (grey) light-curves of J1550-5418 (Febru-
ary 2009); the correlation between the first (saturated) radio pulse and the X-ray short burst is
evident. Right: the saturated radio pulse profile recorded in the AFB 1-bit sampled data.

with prepsubband, and single pulses with SNR > 7 and width up to the maximum rebin-
ning allowed (300 samples) were searched with the python script single pulse search.
py. The de-dispersed time series were also searched for periodic signals. XMM data were
processed using the SAS software package. Standard data screening criteria were applied
in the extraction of scientific products.

3. Results
No single pulse of likely extragalactic origin was found in 16.2 total hours of data

analysed. Given the coarse frequency and time resolution of most observations (whose
main aim was to find a transient periodic signal from a long period radio magnetar)
and the expected FRB rates, this is not surprising. Periodicity searches resulted in the
detection of the known pulsar B1830!08 in the data of SGR J1833!0832 with a signal-to-
noise ratio of 375. J1809!1943 was detected with flux varying along the 7 hr observation.
In the case of J1550!5418 no persistent periodic signal was detected, while two single
pulses (separated by just one radio silent rotation) were found at the pulsar’s DM (Fig.
1). The first of the two pulses occurred at the same time as an X-ray burst, with a 0.02%
probability for chance coincidence. This pulse was so strong as to saturate the instrument
(AFB data 1-bit sampled every 1 ms over 192 3-MHz wide channels) for 0.2 s, implying
a lower limit on its flux of 1.1 Jy, and on its fluence of 200 Jy ms.

4. Discussion
The simultaneous detection of a strong radio pulse and an X-ray burst from J1550!5418

is at odds with what seen in the high-B pulsar J1119!6127, where magnetar-like X-ray
bursts quenched the radio emission (see R. Archibald et al., in this volume), implying
a complex and varied interplay between X-ray and radio emission. In the framework of
FRBs (Lorimer et al 2007, Thornton et al. 2013), the magnetar models are one of the
favourite explanations for their emission; the simultaneous detection of a radio pulse and
a magnetar X-ray burst could be important to validate these models. Because of pileup
in the XMM data we could not get a reliable fluence for the burst. Since this burst looks
unremarkable in X-rays, to give a crude estimate of the ratio !J 1550 between radio and
X-ray fluence we can, however, use the fluences measured by Scholz & Kaspi (2011) for
all the bursts recorded by Swift during the 2009 outburst, when also our observations
were taken. With these numbers we get !J 1550 > 109!11 Jy ms erg!1 cm2, in agreement
with the lower limits measured for 15 FRBs (Tendulkar, Kaspi & Patel 2016), implying
that the saturated radio pulse reported here could be a scaled down version of an FRB,
and giving some support to magnetar models for these mysterious signals.

�''$&���***���!�%�����#%���#%��'�%!&���''$&����#��#%�������������	���������
	�
�#*" #������%#!��''$&���***���!�%�����#%���#%���������%�&&����������	������#"�����("�������'�����
�����&(����'�'#�'�����!�%������#%��'�%!&�#��(&����)�� �� ���'



Prolific transients
üBurst forest 之后有(FRB-like) 明亮的射电脉冲辐射
• SGR J1935+2154 爆发 – FRB 200428

Fermi/GBM ：NO

KW，INTEGRAL，HXMT：YES

2020-10-31 第二届GECAM研讨会 12

Figure 2: The lightcurve and the hardness evolution during the burst of SGR J1935+2145 observed

with Insight-HXMT. The reference time is T0 (2020-04-28 14:34:24 UTC). The vertical dashed

lines indicate two peaks in the lightcurves and the hardness evolution. The separation between the

two lines are 30 ms. (a): The lightcurve observed with Insight-HXMT/HE with a time resolution

of 1 ms near the peak and 10 ms outside the peak. Due to the saturation effect, there are bins near

the peak with no photons recorded for both HE and LE. (b) and (c) are the lightcurves observed

with ME and LE with a time bin of 5 ms, respectively. (d): The hardness ratio between the counts

in 50–250 keV and 27–50 keV. The inset plot in (d) shows the details of the hardness ratio near the

peak. (e): The hardness ratio between the counts in 10–30 keV and the 1–10 keV. (see Methods

for details of the saturation and the deadtime correction.)

5

Li et al. 2020
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 186 
 187 

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 
 198 
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Younes et al. 2020a
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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
[GBM and HXMT together cover ~80% of  time]

April 30 A weak radio pulse FAST

GECAM will provide 100% coverage all the time!



Transients SGRs with low burst rates

•一两个较弱的爆发+明亮的持续较长的outburst
•基本都是由Swift/BAT发现的，GBM定位精度不够
•低磁场磁星、银河系中心磁星等
üGECAM
•全天覆盖捕捉爆发
•定位精度较GBM明显提升
•与交宽视场X射线望远镜可以
发现认证更多磁星

2020-10-31 第二届GECAM研讨会 14
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GECAM磁星观测的展望

Ø全天全时，可定位

ü捕捉磁星爆发，了解完整的活跃期爆发性质

ü发现更多新磁星

ü探测磁星活跃期高能持续辐射增亮现象

ü捕捉快速射电暴的高能对应体

2020-10-31 第二届GECAM研讨会 15


