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Discovery 
• Detected first in July 14 (2014) with Swift BAT thanks to a 

short burst 
• Association with SNR G57.2+0.8 (no known age and ~9 

kpc distance) 

•  First period estimate P=3.25 s with Chandra observations 
(15, 28 July) 
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Observations 
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     Chandra ~0.1 cts/s    XMM ~0.2 cts/s 
 
10 observations, >120 days, total exposure ~ 212 ks   

Obs. Id. Instr. Exp. Date Epoch 

(ks) (2014) (TJD) 

15874 ACIS-S 10.1 Jul 15 16853.0 

15875 ACIS 75.4 Jul 28 16886.0 

17314 ACIS 29.2 Aug 31 16900.0 

0722412501 EPIC 19.0 Sep 26 16926.0 

0722412601 EPIC 20.0 Sep 28 16928.0 

0722412701 EPIC 18.0 Oct 04 16934.0 

0722412801 EPIC 9.7 Oct 16 16946.0 

0722412901 EPIC 7.3 Oct 24 16954.0 

0722413001 EPIC 12.6 Oct 27 16957.0 

0748390801 EPIC 10.8 Nov 15 16976.0 
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Data Reduction 
Diffuse emission! 

  Annulus background region (47’’ – 110’’) 

 

98 ks pn image. From Israel et al. (2015) 

Blue contours: 
radio emission (1.4 GHz) 
 
Magenta contours: 
X-ray diffuse emission 
 
Black circle: 
90’’ from the source position 
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ronment of this new magnetar. We finish discussing our findings in
the contest of the magnetar scenario.

2 X–RAY OBSERVATIONS

2.1 Chandra

Chandra observations of SGR J1935+2154 were carried out three
times during July and August 2014 (see Table 1) in response to
the detection of short SGR-like burst from the source position. The
first dataset was acquired with the ACIS instrument in Faint imag-
ing (Timed Exposure) mode (time resolution: ∼3.2 s), while the
further two pointings were obtained with the ACIS in Faint timing
(Continuous Clocking) mode (time resolution 2.85 ms).

The data were reprocessed with the Chandra Interactive Anal-
ysis of Observations software (CIAO, version 4.6) using the cali-
bration files available in the Chandra CALDB 4.6.3 database. The
scientific products were extracted following standard procedures,
but adopting extraction regions with different size: circular regions
of ∼1.5�� and ∼5�� radii for the first observation and rectangular
boxes of ∼3×2�� and ∼4×2�� sides aligned to the CCD readout
direction for the remaining two observations in CC mode. For the
background we used an annular region (∼1.6��, ∼3.0�� and ∼10��,
∼15�� for the inner and outer radius, respectively) in the imaging
mode and two rectangular boxes of ∼1.5×1.5�� and ∼2×2�� at the
sides of the source extraction region. The smaller sizes of the ex-
traction regions being ruled by the presence of a underlying dif-
fuse component (see Section 3.2 and Figure 1). In particular for the
spectra, the redistribution matrices and the ancillary response files
were created using SPECEXTRACT. For the timing analysis, we ap-
plied the Solar system barycentre correction to the photon arrival
times with AXBARY.

2.2 XMM-Newton

XMM-Newton observations of SGR J1935+2154 were carried out
between September and November 2014 (see Table 1) in order
to monitor the source decay and to infer the main source proper-
ties. We used the data collected with the European Photon Imaging
Camera (EPIC), which consists of two MOS (Turner et al. 2001)
and one pn (Strüder et al. 2001) CCD detectors. The raw data
were reprocessed using the XMM-Newton Science Analysis Soft-
ware (SAS, version 14.0) and the calibration files in the CCF re-
lease of 2015 March. A number of pointings suffered of soft-proton
flares. The pn operated in Full Window (time resolution of about 73
ms) while the MOSs were set in Small Window (time resolution of
300 ms), therefore optimized for the timing analysis The intervals
of flaring background were located by intensity filters (see e.g. De
Luca & Molendi 2004) and excluded from the analysis. The source
photons were extracted from circles with radius of 40��. The pn
background was extracted from an annular region with inner and
outer radii of 45�� and 90��, respectively (also in this case the choice
was dictated by the diffuse emission component; Section 3.2 and
Figure 1). Photon arrival times were converted to the Solar system
barycenter using the SAS task BARYCEN by means of the source co-
ordinate as inferred from the Chandra pointings (see Section 3.1).
The ancillary response files and the spectral redistribution matrices
for the spectral analysis were generated with ARFGEN and RMF-
GEN, respectively. In order to maximize the signal to noise ratio we
combined, when needed, the spectra from the available EPIC cam-
eras and averaged the response files using EPICSPECCOMBINE. In
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Figure 1. 98ks-long XMM-Newton PN image of the region around
SGR J1935+2154 with superimposed the 1.4 GHz radio blue contours
around the position of SNR G57.2+0.8 (VLA Galactic Plane Survey; upper
image). The XMM-Newton image has been smoothed with a Gaussian func-
tion with a radius of 4�� and magenta contours are displayed in order to em-
phasise the extended emission around SGR J1935+2154. The black dashed
circle marks a distance of 90�� from the SGR J1935+2154 position (upper
image). XMM-Newton and Chandra surface brightness as a function of the
distance from SGR J1935+2154 (black ans blue points, respectively) com-
pared with the nominal PN Point Spread Function (PSF; red lines; lower
plot). The ratios between the data and the nominal PSF are plotted in the
lowest panel.

particular, the latter command was routinely applied for the study
of the dim diffuse emission.

c� 0000 RAS, MNRAS 000, 000–000



Timing Analysis 
•  Starting point: observation XMM – 0722412501 (16926 TJDs) 

 

 
 
 
 

   

Power spectrum + efsearch!
 

P=3.2451(1) s 

Now we can start the phase fitting! 
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Timing Analysis – phase fitting 
•  quadratic term necessary from the third observation (16926 

TJD) 

 

 
 
 
 

   

Ṗ = (4.38898± 0.00002)⇥ 10�6s/s

1 2 3 4 5 6 7 8

ï7
ï6

ï5
ï4

q(
t)

Ph
as

e

Time
(days from 16926 MJD)

C
O

= 
ï4

.2
52

   
 , 

LI
= 

0.
48

77
   

 , 
Q

U
=ï

0.
10

15
   

 , 
W

V
= 

 2
.4

27
   

 , 
 N

= 
 4

.0
00

linear: 
chi-sq. 43 
 
Quadratic: 
chi-sq. 2.5 

6 SGR J1935+2154 Giacomo Cannizzaro        CNOC IX - 2015 



Timing Analysis – phase fitting 
• All 7 XMM observations described by linear + quadratic. 
• Adding the three Chandra Obs. we find a cubic term! 

 

 
 
 
 

   

reduced χ2=1.2 
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Timing Analysis – results 
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Timing results with 1σ uncertainities 



Spectral Analysis – phase averaged 
  
 
 
 
 

   

9 SGR J1935+2154 Giacomo Cannizzaro        CNOC IX - 2015 

10−3

0.01

0.1
no

rm
al

iz
ed

 c
ou

nt
s 

s−
1  k

eV
−1

data and folded model

1 2 5

−2

0

2

r

Energy (keV)
cannizz  9−Sep−2015 12:51

Chapter 1

Analysis of SGR J1935+2154
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Spectral analysis – phase averaged 
•  7 XMM observations analyzed separately (absorption fixed) 
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Spectral analysis – phase averaged 
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Γ~ -0.87 
due to low statistics  
(exp~ 9.7 ks,  
second lowest) 
 
Corresponding flux 
overestimated 



Spectral analysis – PPS 
Thanks to the complete timing solution a PPS is possible 
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•  Divided in 10 phase 
•  intervals 

•  Combine for 7 XMM obs. 

•  20 counts per bin 



Spectral analysis – PPS 
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Clear modulation due to the orbital motion of the emitting hotspot 
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Spectral analysis – PPS 
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Modulation similar to that of  
the BB temperature 
(phase shifted ~ 0.1(2π) rad) 
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Discussion 
•  Spectral parameters in range for the typical SGR 

 (kT~0.5 keV, Rhs~1.5 km, Γ~ 2) 

•  No significant flux decay in 50 days of XMM observation, no phase 

dependence of spectral parameters 

•  LX/Lsd~1 (in outburst)! Magnetars with LX/Lsd<1 (in quiescence) are expected 

to emit in the radio band 

•  Up to now no significant radio pulsation detected (after the discovery): 0.5 

mJy limiting flux 

•  Low outburst peak luminosity (missed the outburst or incorrect distance) 

Swift pre-outburst estimates: 
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LX,qui ⇠ 5⇥ 1033 erg s�1  LX/Lsd ⇠ 0.25



What to do 
•  Follow up of observations to detect flux decay and 

quiescent emission          
 
• Dedicated radio observations  
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Thank you! 
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Radio Magnetars 
 
 
 
 
 

XTE J1810−197    (Bp~2.1×1014G) 
 For many months the strongest PSR at 20 GHz, variable radio emission in 
 intensity and morphology. Started ~1 yr after the X-ray outburst and declined 
 in a few years 

 
1E 1547−5408    (Bp~2.2×1014G)  

 Between two X-ray outbursts radio emission declined and then rised again  
 
PSR 1622−4950    (Bp~2.8×1014G) 

 Discovered in the radio and afterwards in the X-ray 

•  Delay of the radio with respect to the X-ray outburst 
•  Decay of the radio flux as the X-ray outburst decays 
 
Radio active magnetars could behave like Pulsars, but 
•  Pulsars dominated by dipolar component 
•  Magnetars have important multipolar + toroidal components 
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Radio Magnetars 
 
 
 
 
 

Radio magnetars may have lower toroidal component (responsible for X-ray emission 
– twisting magnetosphere) 
In fact high Btor = possibility of sustaining long lasting twist  that inhibit the pair 
cascade 
 


