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Abstract
The detection of a short hard X-ray burst and an associated bright soft X-ray source by the Swift satellite

in 2020 October heralded a new magnetar in outburst, SGR J1830−0645. Pulsations at a period of ∼10.4 s
were detected in prompt follow-up X-ray observations. We present here the analysis of the Swift/BAT burst, of
XMM-Newton and the Nuclear Spectroscopic Telescope Array observations performed at the outburst peak, and
of a Swift/XRT monitoring campaign over the subsequent month. The burst was single-peaked, lasted ∼6 ms,
and released a fluence of ≈ 5 × 10−9 erg cm−2 (15–50 keV). The spectrum of the X-ray source at the outburst
peak was well described by an absorbed double-blackbody model plus a power-law component detectable up to
∼25 keV. The unabsorbed X-ray flux decreased from ∼ 5 × 10−11 to ∼ 2.5 × 10−11 erg cm−2 s−1 one month
later (0.3–10 keV). Based on our timing analysis, we estimate a dipolar magnetic field ≈ 5.5 × 1014 G at pole,
a spin-down luminosity ≈ 2.4 × 1032 erg s−1, and a characteristic age ≈24 kyr. The spin modulation pattern
appears highly pulsed in the soft X-ray band, and becomes smoother at higher energies. Several short X-ray
bursts were detected during our campaign. No evidence for periodic or single-pulse emission was found at radio
frequencies in observations performed with the Sardinia Radio Telescope and Parkes. According to magneto-
thermal evolutionary models, the real age of SGR J1830−0645 is close to the characteristic age, and the dipolar
magnetic field at birth was slightly larger, ∼1015 G.
Unified Astronomy Thesaurus concepts: Magnetars (992); Pulsars (1306); X-ray transient sources (1852); X-
ray bursts (1814): Magnetic fields (994); X-ray point sources (1270)

1. Introduction
The term “magnetar” was coined almost three decades ago

to identify isolated neutron stars (NSs) ultimately powered
by the dissipation of their own magnetic energy, which usu-
ally implies that they are endowed with huge magnetic fields,
up to ∼1015 G (Duncan & Thompson 1992). A large frac-
tion of the ∼30 magnetars known to date (Olausen & Kaspi
2014) have been discovered just over the past two decades,
through their distinctive high-energy phenomenology: bursts
of X-ray/gamma-ray emission and/or enhancements of their
persistent X-ray luminosity, dubbed “outbursts” (see Kaspi
& Beloborodov 2017; Esposito et al. 2021). The bursts are

comparatively brief episodes lasting from milliseconds to
hundreds of seconds, and reaching X-ray peak luminosities
within the interval 1039 − 1047 erg s−1 (e.g., Collazzi et al.
2015). The outbursts are instead long-lasting events where
the X-ray luminosity firstly rises to values in the range of
1034 − 1036 erg s−1, and then decreases on timescales that
can be as long as years (Coti Zelati et al. 2018). Remark-
ably, in a couple of magnetars the post-outburst luminosity
was found to differ from the pre-outburst long-term persis-
tent level (Younes et al. 2017; Coti Zelati et al. 2020).

On 2020 October 10 at 14:49:24 UT, the Burst Alert
Telescope (BAT) on board the Neil Gehrels Swift Obser-
vatory triggered on a short, hard X-ray burst (Page et al.
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2020). Prompt observations with the Swift X-ray Tele-
scope (XRT) localized a new uncatalogued X-ray source,
SGR J1830−0645.1 An X-ray periodic signal at ∼10.4 s was
detected in the XRT data (Gogus et al. 2020a) and confirmed
later by observations with the Neutron Star Interior Com-
position Explorer (NICER) (Younes et al. 2020). The burst
properties, the periodicity detected in the prompt follow-up
observations, and the proximity of the source to the Galactic
plane (Galactic latitude b ∼ 1.5◦) point to a newly discovered
magnetar in outburst.

This Letter reports on (i) the properties of the X-ray bursts
detected from SGR J1830−0645 by the Swift/BAT; (ii) quasi-
simultaneous observations with XMM-Newton and the Nu-
clear Spectroscopic Telescope Array (NuSTAR) performed
within ∼2 days after the first BAT burst; (iii) a Swift/XRT
monitoring campaign covering the first month since the out-
burst onset; (iv) a search for short bursts in the X-ray time se-
ries (Section 2); and (v) radio observations with the Sardinia
Radio Telescope and Parkes (Section 3). Discussion and con-
clusions follow (Section 4).

2. X-Ray Emission
2.1. Observations and Data Analysis

Table 1 reports a log of the X-ray observations. Data re-
duction was performed using tools incorporated in HEASOFT
(v.6.28) and the Science Analysis Software (v.19) with the
latest calibration files. Photon arrival times were barycen-
tered using the Chandra position (Gogus et al. 2020b), R.A.
= 18h30m41.s64, decl. = –06◦45′16.′′9 (J2000.0; uncertainty
of 0.′′8 at 90% c.l.2) and the JPL planetary ephemeris DE-
405. The spectral analysis was performed using the XSPEC
package (Arnaud 1996), adopting the TBABS model (Wilms
et al. 2000) to describe the interstellar absorption. Hereafter,
all uncertainties are quoted at 1σ c.l.

2.1.1. Swift

For the burst that revealed SGR J1830−0645 by alerting
the BAT and two other events detected on 2020 November
5 and 11, we extracted mask-tagged light curves and spec-
tra using standard tools in the FTOOLS software package.
SGR J1830−0645 was observed 14 times with the XRT (Bur-
rows et al. 2005) configured either in photon counting (PC;
timing resolution of 2.5 s), or windowed timing (WT; 1.8 ms)
mode. The source photons were extracted from a circular re-
gion of radius 20 pixels (1 pixel=2.′′36). Background events
were collected from a circle of the same size for WT-mode
data and an annulus with radii 40–80 pixels for PC-mode
data. In the first pointing (obs.ID 00999571000), photons
within the inner 4 pixels of the source point spread function
were removed to minimize pile-up effects.

1 Tohuvavohu (2020) reported the discovery in an offline search of the BAT
data of another burst from SGR J1830−0645 which, however, did not result
in a detector trigger.

2 The uncertainty is dominated by the satellite absolute positional accuracy.
See https://cxc.harvard.edu/cal/ASPECT/celmon/.

2.1.2. XMM–Newton

SGR J1830−0645 was observed with the European Photon
Imaging Cameras (EPIC) on board XMM-Newton on 2020
October 11–12, for an exposure time of 23.6 ks. The EPIC-
pn (Strüder et al. 2001) and the MOS (Turner et al. 2001)
cameras were operating in Small Window mode (SW; timing
resolutions of 5.7 ms and 0.3 s, respectively). Here, we con-
sider only the data acquired with the EPIC-pn, which pro-
vides the data set with the highest counting statistics owing
to its larger effective area compared to the MOS cameras.

Raw data were processed following standard analysis pro-
cedures. No periods of high background activity were de-
tected. The source events were selected from a circle with
a radius of 40′′ and the background counts were accumulated
from a closeby circle of the same size. The response matri-
ces and ancillary files were generated through the RMFGEN
and ARFGEN tools, respectively. Background-subtracted and
exposure-corrected light curves were extracted using the EPI-
CLCCORR task.

2.1.3. NuSTAR

NuSTAR (Harrison et al. 2013) observed SGR J1830−0645
on 2020 October 12 for an effective exposure time of
29.6 ks. We created cleaned event files and filtered out pas-
sages through the South Atlantic Anomaly using the tool
NUPIPELINE with default options. For both focal plane mod-
ules (FPMA and FPMB), we collected the source counts
within a circle of radius 100′′ and estimated the background
from four circles of the same size located on all detectors us-
ing the NUSKYBGD pipeline (Wik et al. 2014). The source
was detected up to an energy of ∼25 keV in both FPMs. We
ran the tool NUPRODUCTS to extract light curves and spectra,
and to generate response files.

2.2. Results

2.2.1. BAT Bursts Properties

Figure 1 shows the time evolution of the burst detected
on 2020 October 10 in the 15–50 keV band (no emission
is detected at higher energies). The event was single-peaked
and had a total duration and a T90 duration3, as computed
from a Bayesian blocks analysis with the BATTBLOCKS tool,
of 6 ± 1 ms and 5 ± 1 ms, respectively. The spectrum ex-
tracted from the whole interval, similarly to standard mag-
netar bursts seen at hard X-rays, can be described in the
15–50 keV band by simple models, such as a blackbody
with temperature kT = 8.0+1.6

−1.2 keV (with reduced χ2 of
χ2
r = 1.05 for 14 degrees of freedom (d.o.f.)) or a power

law with photon index Γ = 1.9 ± 0.5 (χ2
r = 1.12 for

14 d.o.f.). For the blackbody model, the average flux was
7.6+0.4
−3.3 × 10−7 erg cm−2 s−1, corresponding to a fluence of

∼ 4.6 × 10−9 erg cm−2 (15–50 keV). Two other bursts re-
sulted in BAT triggers during our campaign (see Palmer
2020). The second burst detected on 2020 November 5 was

3 Time interval containing 90% of the counts.

2
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Table 1. Observation Log, X-Ray Fluxes, and Limits on Pulsed Radio Emission

X-Ray Instrumenta Obs.ID Start Stop Exposure Net Count Rateb Flux (Obs / Unabs)c

YYYY Mmm DD hh:mm:ss (TT) (ks) (counts s−1) (×10−11 erg cm−2 s−1)

ROSAT/PSPC rp500012n00 1991 Apr 3 20:34:56 1991 Apr 3 23:04:12 4.5 <0.008 <0.008 /<0.15

Swift/XRT (PC) 00999571000 2020 Oct 10 14:51:07 2020 Oct 10 16:30:29 1.7 0.47±0.02d (4.0±0.2) / (5.0±0.2)
Swift/XRT (PC) 00999571001 2020 Oct 10 17:53:14 2020 Oct 10 22:43:35 4.5 0.46±0.01 (3.8±0.1) / (4.6±0.1)

XMM-Newton/EPIC-pn (SW) 0872390501 2020 Oct 11 21:07:13 2020 Oct 12 03:41:12 16.5e 7.09±0.02 (3.96±0.02) / (5.11±0.02)
NuSTAR/FPMA 90601331002 2020 Oct 12 07:46:09 2020 Oct 12 23:26:09 29.6 0.709±0.005 (3.96±0.02) / (5.11±0.02)
NuSTAR/FPMB 90601331002 2020 Oct 12 07:46:09 2020 Oct 12 23:26:09 29.4 0.666±0.005 (3.96±0.02) / (5.11±0.02)
Swift/XRT (WT) 00999571002 2020 Oct 15 01:15:03 2020 Oct 15 20:35:55 2.3 0.69±0.02 (4.1±0.2) / (5.1±0.2)
Swift/XRT (WT) 00999571003 2020 Oct 16 10:35:46 2020 Oct 17 19:04:56 2.6 0.69±0.02 (3.7±0.2) / (4.6±0.2)
Swift/XRT (WT) 00999571004 2020 Oct 19 04:18:46 2020 Oct 19 22:03:56 3.3 0.66±0.02 (3.5±0.1) / (4.4±0.1)
Swift/XRT (WT) 00999571005 2020 Oct 23 11:33:32 2020 Oct 23 14:51:44 0.9 0.55±0.03 (3.3±0.5) / (4.2±0.5)
Swift/XRT (WT) 00013840001 2020 Oct 29 04:35:55 2020 Oct 29 22:34:56 2.9 0.51±0.02 (2.9±0.1) / (3.6±0.2)
Swift/XRT (WT) 00013840002 2020 Nov 1 15:23:43 2020 Nov 2 11:00:56 4.1 0.42±0.01 (3.0±0.2) / (3.8±0.2)
Swift/XRT (WT) 00013840003 2020 Nov 4 10:24:01 2020 Nov 4 23:19:50 2.8 0.47±0.01 (2.5±0.1) / (3.2±0.1)
Swift/XRT (PC) 01004219000 2020 Nov 5 02:24:07 2020 Nov 5 02:52:52 1.7 0.34±0.01 (2.6±0.3) / (3.1±0.3)
Swift/XRT (WT) 00013840004 2020 Nov 6 11:42:27 2020 Nov 6 18:19:56 3.8 0.48±0.01 (2.6±0.1) / (3.3±0.1)
Swift/XRT (WT) 00013840005 2020 Nov 10 05:01:02 2020 Nov 10 10:07:56 3.9 0.44±0.01 (2.3±0.1) / (2.9±0.1)
Swift/XRT (PC) 01005428000 2020 Nov 11 09:46:28 2020 Nov 11 10:15:10 1.7 0.37±0.01 (3.1±0.5) / (3.6±0.5)
Swift/XRT (WT) 00013840006 2020 Nov 13 01:34:21 2020 Nov 13 13:09:56 3.6 0.33±0.01 (2.0±0.1) / (2.6±0.1)

Radio Instrument Frequency Bandwidth Start Exposure Pulsed Flux Densityf

(GHz) (MHz) YYYY Mmm DD hh:mm:ss (TT) (hr) (µJy)

SRT 1.5 500 2020 Oct 11 16:20:19 2.7 <90
Parkes 0.96 512 2020 Oct 12 08:05:33 2.9 <77
Parkes 1.6 768 2020 Oct 12 08:05:33 2.9 <39
Parkes 2.4 768 2020 Oct 12 08:05:33 2.9 <34
Parkes 3.4 1280 2020 Oct 12 08:05:33 2.9 <25
SRT 6.8 900 2020 Oct 21 11:59:29 2.0 <45
SRT 6.8 900 2020 Oct 21 14:05:39 0.7 <77
SRT 6.8 900 2020 Oct 21 15:05:09 4.9 <29
SRT 6.8 900 2020 Oct 30 11:02:30 7.8 <23
SRT 6.8 900 2020 Nov 6 10:30:00 7.1 <24

Notes.
a The instrumental setup is indicated in brackets: PC = photon counting, SW = small window, WT = windowed timing.
b The count rate is in the 0.3–10 keV energy range, except for ROSAT (0.1–2.4 keV) and NuSTAR (3–25 keV). The upper limit is quoted at 3σ c.l.
c The flux is in the 0.3–10 keV energy range. The upper limits are quoted at 3σ c.l., and are computed assuming an absorbed blackbody spectrum withNH = 1.07× 1022 cm−2 and
kTBB = 0.15 keV.

d Corrected for pile-up.
e Corrected for dead-time.
f Upper limits are computed using the radiometer equation (Lorimer & Kramer 2004), assuming a pulse duty cycle of 10%.

longer (25 ± 5 ms, T90 = 21 ± 5 ms) and harder, being vis-
ible in the light curve up to ≈150 keV. Also in this case,
the adoption of a blackbody model resulted in the best fit,
with χ2

r = 0.83 for 56 d.o.f., and kT = 9.8 ± 0.7 keV.
The average flux was (1.3±0.1)×10−6 erg cm−2 s−1, while
the fluence was ∼3.2 × 10−8 erg cm−2 (15–150 keV). The
burst that triggered BAT on 2020 November 11 was interme-
diate in hardness between the other two events, and lasted
26 ± 6 ms (T90 = 21 ± 7 ms). For the blackbody model
(kT = 9.1 ± 0.6 keV; χ2

r = 0.67 for 56 d.o.f.), the average
flux was (8.1 ± 0.7) × 10−7 erg cm−2 s−1 and the fluence
∼2.2× 10−8 erg cm−2 (15–150 keV).

2.2.2. X-Ray Monitoring and Archival Observations

Firstly, we fit the broadband spectrum extracted from the
quasi-simultaneous EPIC-pn and NuSTAR data sets using
models comprising different combinations of blackbody and
power-law components. We included a constant term in the

fits to account for inter-calibration uncertainties between the
three instruments, deriving a mismatch of <5% for all the
tested models. The best description of the data was pro-
vided by an absorbed double-blackbody model plus a power-
law component accounting for emission at energies above
∼12 keV (Figure 1), giving χ2

r = 1.10 for 376 d.o.f. and a
null hypothesis probability nhp'0.10. Best-fitting parame-
ters were absorption column density NH = (1.07± 0.02)×
1022 cm−2, blackbody temperatures and radii kTBB,W =
0.45± 0.01 keV, RBB,W = 5.6± 0.3 km for the warm com-
ponent and kTBB,H = 1.11 ± 0.01 keV, RBB,H = 1.53 ±
0.03 km for the hot component, respectively (assuming a dis-
tance of 10 kpc; see Section 4), and Γ = 0.9 ± 0.3. The ob-
served and unabsorbed fluxes were (4.33 ± 0.03) × 10−11

and (5.54 ± 0.03) × 10−11 erg cm−2 s−1 in the 0.3–25 keV
energy range, with a fractional contribution of the power-law
component of '6% in the same band.
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Figure 1. Left: Swift/BAT light curve of the burst that led to the discovery of SGR J1830−0645 (15–50 keV energy range; time bin: 2 ms; the
start time is arbitrary). The inset shows the evolution of the 0.3–10 keV unabsorbed flux of SGR J1830−0645 measured over a baseline of about
one month since the burst trigger (MJD 59,132.6176). The dashed line marks the best-fitting exponential function. The vertical dotted–dashed
lines mark the epochs of the other two bursts detected by the BAT (MJD 59,158.0986 and 59,164.4071; Gropp et al. 2020a,b). Right, Top:
unfolded spectrum extracted from the XMM-Newton/EPIC-pn (gray), NuSTAR/FPMA (red) and NuSTAR/FPMB (orange) data. The solid line
indicates the best-fitting model, the dotted lines show the contribution of the different spectral components. Middle: post-fit residuals. Bottom:
residuals obtained after removing the power-law component from the model.

Then, we fit an absorbed double-blackbody model to all
Swift/XRT data, fixing the column density at NH = 1.07 ×
1022 cm−2, and allowing all other parameters to vary across
the data sets. The observed and unabsorbed fluxes derived
from the above model are reported in Table 1, while the evo-
lution of the unabsorbed flux is shown in the inset of the left
panel in Figure 1. The unabsorbed flux decreased by a factor
of ∼2 along our campaign, from ∼ 5 × 10−11 erg cm−2 s−1

at peak to ∼ 2.5 × 10−11 erg cm−2 s−1 about one month
later (0.3–10 keV). Its time evolution can be adequately de-
scribed so far by an exponential function with e-folding time
τ = 55± 2 days (χ2

r= 1.42 for 13 d.o.f.; Figure 1).
SGR J1830−0645 was in the field of view of ROSAT/PSPC

in a pointing performed on 1991 April 3 (see Table 1). The
source is not detected, and we set an upper limit on the net
count rate of 0.008 counts s−1 (3σ c.l.; 0.1–2.4 keV). Assum-
ing emission from the entire surface (RNS = 10–15 km) and
a source distance of 10 kpc, we estimate that the blackbody
temperature should be .0.15 keV to be consistent with the
above limit. The corresponding limits on the observed and
unabsorbed flux are FX,obs < 8 × 10−14 erg cm−2 s−1 and
FX,unabs < 1.5× 10−12 erg cm−2 s−1 (0.3–10 keV).

2.2.3. Timing Analysis and Phase-resolved Spectroscopy

The EPIC-pn, Swift/XRT and NuSTAR source event files
were used to study the magnetar timing properties. We built
up a phase-coherent timing solution starting from the pe-
riod P = 10.41572(1) s inferred from the EPIC-pn data sets
(those with the largest statistics), and employing a phase-
fitting technique. Within a baseline of about 34 days (2020
October 10 – November 13), we clearly detected a first pe-
riod derivative component in the signal phase history, and

derived the following timing solution: P = 10.415724(1) s,
Ṗ = 7(1) × 10−12 s s−1 at the reference epoch T0 =

59, 133.0 MJD. The Ṗ value is in agreement with that derived
by Ray et al. (2020) using NICER data sets. Our timing so-
lution implies an rms variability of ∼145 ms, corresponding
to a timing noise level <2%, similar to the range of values
observed in other isolated NSs. We set a 3σ upper limit on
the second period derivative of |P̈ | < 2× 10−17 s s−2.

Figure 2 shows the background-subtracted light curves ex-
tracted from the EPIC-pn and NuSTAR data sets over dif-
ferent energy intervals, folded using the above ephemeris.
Pulsed emission was detected up to an energy of ∼15 keV.
The pulse profile displays an apparent complex morphology
below 10 keV, with a pronounced dip close to the main peak,
a weaker peak in the rising part of the profile, and small-
amplitude structures at minimum (seemingly less prominent
above ∼4 keV). The profile appears to evolve to a relatively
simpler shape at higher energies in the 12–15 keV energy
range. The pulse peak in this range lags the main peak ob-
served at lower energies by 0.11±0.06 spin phase cycles.
The background-subtracted peak-to-peak semiamplitude in-
creases from (63±2)% below 3 keV to (71±3)% in the 4–
10 keV band, and drops to ∼20% in the 10–12 and 12–
15 keV ranges. We set a 3σ upper limit of 20% in the 15–
25 keV range (Figure 2). The marked changes in the pulse
profile amplitude at energies where the power-law spectral
component dominates the source emission (Figure 1) indicate
that the power-law tail is also pulsed, though to a smaller ex-
tent than the low-energy blackbody components.

We performed a phase-resolved spectral analysis over the
0.3–10 keV energy range using the EPIC-pn data. We ex-

4



THE ASTROPHYSICAL JOURNAL LETTERS, 00:000000 (10PP), 2021 MONTH DAY Coti Zelati et al.

0 0.5 1 1.5 2
0.01

0.1

1

n
h

p

Spin Phase (cycle)
0 0.5 1 1.5 2

0.01

0.1

1

n
h

p

Spin Phase (cycle)

N
or

m
al

iz
ed

 in
te

ns
ity

 

Spin Phase (cycle)

0.3-2  keV
2-3  keV

3-4  keV
4-10  keV

X
M

M
-N

ew
ton / E

PIC
-pn

63±2%

63±2%

68±3%

71±3%

10-12  keV
15-25  keV

N
uSTA

R

20±5%

<20%

0.5

1

1.5

2

(k
eV

)

B
B

 t
em

p
er

at
u

re

0

2

4

6

8

1

2

3

2

4

6

Warm BB

Warm BB

Hot BB

Spin Phase (cycle)

nh
p

1

10

Hot BB

0.5

1

1.5

2

(k
eV

)

B
B

 t
em

p
er

at
u

re

0

2

4

6

8

1

2

3

2

4

6

Spin Phase (cycle)

nh
p

1

10

U
na

bs
or

be
d 

flu
x 

(1
0-1

1  e
rg

 c
m

-2
 s-1

)
Fl

ux
 ra

tio
 

(H
ot

 / 
W

ar
m

)
R

B
B
 

(k
m

 a
t 1

0 
kp

c)
N

et
 c

ou
nt

 ra
te

 
(c

nt
  s

-1
)

kT
B

B
 

(k
eV

) Hot BB

Warm BB

5

10

15

20

12-15  keV
17±5%

0.8

1

1.2

0 0.5 1 1.5 2

0.5

1

1.5

0.8

1

1.2

0.5

1

1.5

2

0.5

1

1.5

2

0.5

1

1.5

2

0.5

1

1.5

2

Figure 2. Left: energy-resolved background-subtracted pulse profiles of SGR J1830−0645 extracted from XMM-Newton/EPIC-pn (gray) and
NuSTAR (red) data. The best-fitting models obtained by using seven sinusoidal components (fundamental plus harmonics) for EPIC-pn and
a single sinusoidal component (fundamental) for NuSTAR are indicated with solid lines. The corresponding pulsed fraction values (or the 3σ
upper limit for the 15–25 keV range) are reported in each panel. Right: results of the spin phase-resolved spectroscopy of EPIC-pn data in the
0.3–10 keV range. From top to bottom: background-subtracted pulse profile; blackbody temperature, radius (assuming a distance of 10 kpc)
and 0.3–10 keV unabsorbed flux for the warm (light gray) and hot (dark gray) components; hot-to-warm blackbody unabsorbed flux ratio; nhp
values derived from the χ2 and the d.o.f. of the fit of each spectrum. All uncertainties are at 1σ c.l.

tracted spectra from 50 phase intervals of width 0.02 ro-
tational cycles, and fitted them using an absorbed double-
blackbody model. In the fits, the column density was held
fixed at the phase-averaged value (NH = 1.07×1022 cm−2;
Section 2.2.2), while all other parameters were allowed to
vary. Figure 2 shows the evolution of the spectral parame-
ters and unabsorbed fluxes of both thermal components, as
well as their flux ratio, along the rotational phase. The com-
plex spin modulation pattern for the soft X-ray emission can
be ascribed to changes in the blackbody radius of both com-
ponents. The smaller, hotter region traces more closely the
fine structures seen in the pulse profile (e.g., the dip close to
the peak; Figure 2). On the other hand, the scarce counting
statistics available in the energy range 12–15 keV (less than
500 net counts summing up the NuSTAR FPMs) precludes

an assessment of possible variability of the power-law slope
along the rotational phase.

2.2.4. Search for Short X-Ray Bursts

Short X-ray bursts were searched for by applying the pro-
cedure described by Gavriil et al. (2004) and Scholz & Kaspi
(2011; see also Borghese et al. 2020). We extracted light
curves with different time resolutions (2−4, 2−5, 2−6 s) to
improve sensitivity to bursts of different durations, except for
Swift/XRT PC-mode light curves that were binned at the tim-
ing resolution (2.5073 s). For each observation, we calculated
the Poisson probability of an event to be a random fluctuation
with respect to the average number of counts per bin. Any bin
with a probability smaller than 10−4(NNtrials)

−1, where N
is the total number of time bins and Ntrials is the number of

5
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Figure 3. Light curves of SGR J1830−0645 extracted from the Swift/XRT data in which we detected bursts (0.3–10 keV; time bin: 62.5 ms).
All events fulfilling our detection criterion are marked by arrows.

timing resolutions used in the search, was flagged as part of
a burst. We detected 12 bursts in the Swift/XRT light curves
(Figure 3 and Table 2). No bursts were found in the XMM-
Newton and NuSTAR data sets.

3. Radio Searches
Table 1 reports a log of the radio observations, performed

using the Sardinia Radio Telescope (SRT; Bolli et al. 2015;
Prandoni et al. 2017) and Parkes.

3.1. Sardinia Radio Telescope Observations

The SRT observed SGR J1830−0645 at 1.5 GHz (L band)
on October 11 for 2.7 hr and at 6.8 GHz (C band) on Octo-
ber 21, October 30 and November 6, for a total exposure of
22.5 hr. Data were recorded with the ATNF PDFB backend
in search mode over a bandwidth of 500 MHz in L band and
900 MHz in C band, with a spectral resolution of 1 MHz. To-

tal intensity data were 2 bit sampled every 0.1 ms for the L
band and 0.125 ms for the C band.

All data were folded using the X-ray ephemeris and
searched over a dispersion measure (DM) range of 0–
1200 pc cm−3 and a spin period range of ±1 ms around the
nominal value (after removing the most prominent radio
frequency interference; RFI), using the software packages
DSPSR (van Straten & Bailes 2011) and PSRCHIVE (Hotan
et al. 2004). No pulsations were detected down to a folded
signal-to-noise ratio of S/N=10. The corresponding flux den-
sity upper limits are reported in Table 1.

A search for bursts was performed on all data using the
SPANDAK pipeline (Gajjar et al. 2018), sampling a DM range
of 0–1200 pc cm−3. After dedispersion, the time series were
searched for pulses using matched-filtering with a maximum
window size of 32 ms. After a first automatic sifting of the
generated candidates, visual inspection was performed on the

6
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Table 2. Log of X-Ray Bursts Detected in the Swift/XRT Data Sets

Obs.IDa Burst Epoch Durationb Fluencec

YYYY Mmm DD hh:mm:ss (TDB) (ms) (net counts)

00999571002 #1 2020 Oct 15 20:17:23 62.5 6
#2 20:21:01 62.5 6
#3 20:23:57 62.5 7
#4 20:27:01 62.5 11
#5 20:27:31 62.5 6

00999571004 #1 2020 Oct 19 13:56:24 62.5 15
#2 21:36:31 62.5 6

00013840001 #1 2020 Oct 29 17:26:40 62.5 7
#2 17:33:03 62.5 6

00013840004 #1 2020 Nov 6 11:39:58 62.5 6
00013840005 #1 2020 Nov 10 09:46:10 62.5 9
00013840006 #1 2020 Nov 13 01:43:12 62.5 7

Notes.
a The notation #N corresponds to the burst number in a given observation.
b The duration shall be considered as an approximate value. It was estimated as the coarser

time resolution at which the burst is detected, or as the sum of the time bins showing
enhanced emission for the case of the burst 00999571004 #1.

c The fluence refers to the 0.3–10 keV energy range.

events that passed the selection. No bursts were found at ei-
ther L or C band.

3.2. Parkes Observations

The Parkes radio telescope observed SGR J1830−0645 on
October 12, starting at 08:04:24 UT for 2.9 hr, simultane-
ously with NuSTAR. Data were recorded with the ultra-wide-
bandwidth low-frequency receiver (UWL; Hobbs et al. 2020)
over a bandwidth of 3328 MHz centered at 2368 MHz. Full
Stokes data were 4 bit sampled every 0.128 ms. Four sepa-
rate data sets covering different subbands were created with
different spectral resolutions so as to achieve a maximum
broadening of a few ms for a signal with DM=600 pc cm−3
4 (band b0, from 704 to 1216 MHz, split into 2048 fre-
quency channels; b1, 1216–1984 MHz, 768 channels; b2,
1984–2752 MHz, 384 channels; b3, 2752–4032 MHz, 320
channels).

To search for persistent pulsations, the data of the subbands
were folded using the X-ray ephemeris. After RFI removal,
the frequency resolution of the folded data was scaled uni-
formly down to 4 MHz, and data were summed together. A
search over a DM range of 0–1200 pc cm−3 spanning ±1 ms
around the nominal spin period was performed on the entire
observing bandwidth. No pulsations were detected down to a
folded S/N=10. The flux density upper limits in the different
subbands are reported in Table 1.

The single-pulse analysis was performed using the proce-
dure described in Section 3.1 and the same parameters. The
subbanding did not affect the search since we are looking for
impulsive bursts. After the RFI removal, the data were dedis-
persed from 0 to 1200 pc cm−3. No bursts were found at any
band.

4 This is the maximum value expected for our Galaxy in the direction
of SGR J1830−0645, according to the NE2001 electron density model
(Cordes & Lazio 2002).

4. Discussion
In 2020 October, SGR J1830−0645 entered its first de-

tected outburst phase, revealing to be a new Galactic mag-
netar. The source emitted numerous X-ray bursts since the
beginning of the outburst and during our monitoring cam-
paign (Sections 2.2.1 and 2.2.4; see also Palmer 2020; Ray
et al. 2020). This is a distinctive phenomenology usually ob-
served in magnetars during an active phase. Our campaign
allowed us to measure the spin period (P = 10.415724(1) s)
and its first derivative (Ṗ = 7(1) × 10−12 s s−1) at the out-
burst peak (Section 2.2.3), hence to estimate a surface dipolar
magnetic field Bdip ∼ 6.4 × 1019(PṖ )1/2 ≈ 5.5 × 1014 G
at pole (using the vacuum dipole formula), a spin-down lu-
minosity Ėrot = 4π2IṖP−3 ≈ 2.4 × 1032 erg s−1 (where
I ≈ 1045 g cm2 is the moment of inertia of the NS) and a
characteristic age τc = P/2Ṗ ≈ 24 kyr.

The extension of the Galaxy in the direction of
SGR J1830−0645 estimated from the maps of Hou & Han
(2014) and the similarity between the column density de-
rived from our spectral fits (NH ∼ 1.07 × 1022 cm−2) and
that expected in the direction of the source within the Galaxy
(NH,Gal ∼ 1.1× 1022 cm−2; Willingale et al. 2013) suggest
a distance D&5 kpc. In the following, we rescale all quanti-
ties to a distance ofD=10 kpc. Assuming isotropic emission,
the X-ray luminosity at the outburst peak is then LX,p ∼
6 × 1035d210 erg s−1, while the limit that we derived for the
quiescent X-ray luminosity is LX,q < 2 × 1034d210 erg s−1

(0.3–10 keV; d10 = D/10 kpc; see Section 2.2.2).
We studied the evolutionary history of SGR J1830−0645

using a two-dimensional magneto-thermal evolutionary
model (Viganò et al. 2012, 2013, 2020). We used crustal-
confined models consisting of an initial poloidal dipolar field
(Bdip,in) plus a toroidal field (Btor,in), and assumed for sim-
plicity an equal amount of magnetic energy in the two com-
ponents. We find that the evolution of an initial configuration
with Bdip,in ∼ 1015 G and Btor,in ∼ 1016 G provides a close
match to the current P and Ṗ after ∼23 kyr. We thus ob-
tain an age τth ∼ 23 kyr for SGR J1830−0645, similar to its
characteristic age, and predict a quiescent bolometric thermal
luminosity at τth that would be just below our current upper
limit on LX,q. The good agreement between τth and τc is due
to the fact that the dissipation of the magnetic field is not yet
substantial at this evolutionary stage. At later stages, τc will
overestimate the real age because the electromagnetic torque
decreases in time due to magnetic field dissipation, while τth
usually remains consistent with the real age.

From its properties and simulated history, we find that
SGR J1830−0645 is a middle age magnetar that had a rel-
atively strong magnetic energy at birth. The gray shaded
region in Figure 4 shows the evolution of the spin pe-
riod and luminosity of SGR J1830−0645 (taking into ac-
count uncertainties due to the assumption of light or heavy
elements in the envelope), compared with current val-
ues for other magnetars. This region encompasses also
two other magnetars with rather different magnetic field
strengths, CXOU J171405.7−381031 and XTE J1810−197
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Figure 4. Quiescent X-ray luminosity as a function of the spin period for magnetars, including SGR J1830−0645 (in bold). Circles mark radio-
loud magnetars. The gray shaded region shows the magneto-thermal evolutionary path of SGR J1830−0645 according to the model discussed
in the text. Values are taken from The Magnetar Outburst Online Catalog.

(see the color scale in the figure). The properties of
SGR J1830−0645 at birth were probably similar to those
of CXOU J171405.7−381031, but different from those
of XTE J1810−197. Indeed, CXOU J171405.7−381031
has a stronger magnetic field and a younger age than
SGR J1830−0645, and it might be now at an earlier stage
of a similar evolutionary scenario. On the other hand,
XTE J1810−197 is characterized by a luminosity and spin
period that might be potentially compatible with those ex-
pected if this source were at an earlier stage of the same evo-
lutionary path of SGR J1830−0645, but its magnetic field is
already smaller than that of SGR J1830−0645.

The X-ray emission properties observed from
SGR J1830−0645 soon after the outburst onset are in line
with those of other magnetars (Coti Zelati et al. 2018 and
references therein), and fit well within the resonant Compton
scattering scenario (RCS; Thompson et al. 2002; Rea et al.

2008; Wadiasingh et al. 2018; see also Turolla et al. 2015
and references therein). The dominance of the thermal over
the nonthermal (power-law) component (Section 2.2.2) sug-
gests that the magnetospheric twist is restricted to a bundle
of current-carrying field lines. Ohmic dissipation of the re-
turning currents on the star surface leads to the appearance of
localized hot spots (Beloborodov 2009). Heated regions may
form on the surface also as a consequence of heat released
deeper in the crust by local dissipation of magnetic energy
(Pons & Rea 2012). In this respect, our analysis suggests the
existence of two heated regions of different temperatures and
sizes on the surface of SGR J1830−0645: an extended warm
region (average blackbody temperature ∼0.45 keV and ra-
dius ∼6 km), and a small hot region (temperature ∼1.1 keV
and radius ∼1.5 km). According to our analysis, the modula-
tion of the light curve is (almost) entirely due to the change
of the visible area of these regions, the temperatures being
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fairly constant along the spin phase (Figure 2). The phase-
alignment between the light-curve profiles associated with
the two blackbody components is indicative of a scenario in
which the hot and the warm regions are not spatially sep-
arated. A more plausible picture is that what we actually
see is a single heated spot with a complex shape where an
extended warm region is surrounded by a smaller hotter re-
gion with an asymmetric structure (the former producing the
relatively broad peak observed in the light-curve profile, the
latter resulting in the two prominent narrow peaks separated
by∼0.2 rotational phase cycles; see Figure 2). Indeed, recent
3D simulations have shown that heat injected in a localized
region of the crust of a magnetar flows anisotropically to
the surface, leading to the appearance of a hot spot with a
complex shape and a nonuniform temperature distribution
(De Grandis et al. 2020). Soft, thermal photons coming from
such a spot can produce a complex pulse profile with a high
pulsed fraction, which would be smaller (.20%) in the case
of two circular, antipodal hot spots (Albano et al. 2010; Tur-
olla & Nobili 2013). The pulsed fraction decrease in going
from lower to higher energies (up to ∼25 keV) is different
from what is observed in other magnetars (see, e.g., An et al.
2015, and references therein). Different trends of the pulsed
fraction variability with energy can be envisaged within the
RCS scenario, depending on the viewing angles as well as
the location and velocity distribution of the charged parti-
cles in the magnetosphere that up-scatter thermal photons. In
the case of SGR J1830−0645, the RCS mechanism tends to
wash out the imprint of the (pulsed) primary emission.

Our nondetection of radio pulsations from
SGR J1830−0645 is not that surprising per se. Simi-
larly to canonical radio pulsars, radio-loud magnetars are
generally characterized by high spin-down luminosities
Ėrot & 1033 erg s−1, implying LX,q/Ėrot < 1 (Rea et al.
2012; the only outlier being XTE J1810−197). A reliable
estimate of LX,q/Ėrot for SGR J1830−0645 is difficult ow-
ing to uncertainties on the distance and the nondetection of
the source in pre-outburst X-ray data. However, if its qui-
escent luminosity is not much below our quoted limit, it
would have LX,q/Ėrot � 1, in line with being radio-silent.
Alternatively, SGR J1830−0645 might be radio-loud but
undetectable due to unfavorable beaming.

Future high-sensitive X-ray observations will be key in
mapping the evolution of the heated spot on the star surface
and the long-term contribution of magnetospheric currents to
the broadband X-ray emission of SGR J1830−0645.
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