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• P ∼ 0.3 – 12 s
• Pdot ∼ 10−13 − 10−11 s s−1

• B ~ 1014 --1015 G
• Persistent X-ray sources

LX ∼ 1031 − 1036 erg s−1

• Transient activity: 
- Bursts
- Giant Flares
- Outbursts

Duncan & Thompson et al. 1992; Kaspi & Beloborodov et al. 2017; Esposito et al. 2021.    Fig: Ronchi PhD thesis. 2024

1.1. Magnetars in P&Pdot

38 Chapter 1. Neutron stars

FIGURE 1.12: P � Ṗ diagram showing the spin period derivative vs
spin period for the detected neutron stars (Data from the ATNF Pulsar
Catalog, https://www.atnf.csiro.au/research/pulsar/psrcat/;

Manchester et al., 2005).
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• 2014 July 5, Swift/BAT detected 
short bursts

• Follow-up observations with 
Swift, Chandra, and XMM-
Newton 

• P = 3.24 s
• Pdot ∼ 1.43 × 10−11 s s−1

• B ∼ 2.2 × 1014 G 

Stamatikos et al. 2014; Israel et al. 2016

2. SGR J1935+2154
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Magnetars as a 
model for FRBs

CHIME/FRB Collaboration et al. 2020b; Bochenek et al. 2020; Fig: Mereghetti et al 2020
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2. Observations

XMM-Newton NuSTAR INTEGRAL

Two observations
2022 October 15-22

Two observations
2022 October 18-22

23 pointings
2022 October 
15(18:51 UTC) - 16(0.4:47 
UTC)

Total exposure
~ 90 ks

Total exposure
~ 100 ks

15-1000 keV
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3.1. Timing analysis

• Phase-coherent timing (0.3--15keV)

• P ∼ 3.25 s

• Pdot = 5.52 (5) ☓ 10−11 s s−1

• 3.8x larger than 2014 outburst 
(1.43e-11)
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3.1. Timing analysis

• Phase-coherent timing (0.3--15keV)

• P ∼ 3.25 s

• Pdot = 5.52 (5) ☓ 10−11 s s−1

• 3.8x larger than 2014 outburst 
(1.43e-11)

• Magnetospheric geometry
• Relativistic winds of the 

magnetar 



11

3.2. Energy-resolved pulse profile

• Cons + 2 sinusoidal function
(fundamental 1st harmonic components)

• Morphology evolution
• No specific trend in the PF

epoch1 (14-26) epoch2 (11-76)
E25-79 (26 -76)

• Phase-resolved spectroscopy: 
A phase shift: soft(0.3−10) /hard(10−25)  
(~0.13P1Ep1,11 & 0.19PllEp1,0.22PllEp2)
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3.2. Energy-resolved pulse profile

e.g. heating of different NS 
surface regions during each 

outburst

Israel et al. 2016
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3.2. Energy-resolved pulse profile

• Cons + 2 sinusoidal function
(fundamental 1st harmonic components)

• Morphology evolution
• No specific trend in the PF

epoch1 (14-26) epoch2 (11-76)
E25-79 (26 -76)

• Phase-resolved spectroscopy: 
A phase shift: soft(0.3−10) /hard(10−25)  
(~0.13P1Ep1,11 & 0.19PllEp1,0.22PllEp2)

e.g. non-thermal X-ray:  resonant 
inverse Compton scattering of 
photons emitted from the star 
surface by charged particles
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3.3. Persistent spectra

• con*tbabs*(bb+pl)

• NH ∼ 2.57 (0.05) x 1022 cm-2

• kTBB ∼ 0.4 keV (no variation)

• Γ ∼ 1.51 (0.02) & 1.41 (0.02) 

• 𝛘2red = 1.08 (567 d.o.f)
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3.4. Bursts search

22 12 2

Total of 36 bursts
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4. Conclusion

• High Activity: SGR J1935+2154 has been highly 
active since its discovery

• FRB Link: First link between magnetars and Fast 
Radio Bursts (FRBs)

• Spin Period: Spin period derivative is 3.8 times 
larger than in 2014

• Emission Spectrum: Persistent emission spectrum 
shows slight power-law variations with no significant 
change in blackbody temperature (kTBB)

• Burst search: 36 bursts

ESA/ATG Medialab
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Thank you!
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1.* Phase distribution of the bursts 

• Rotation phase and burst 
epoch

• Burst cumulative 
distribution in phase 
consistent with the uniform 
distribution

• In agreement with Younes 
et al. 2020
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2.* Search for FRB-like bursts/Pulse emission

• October 15 and 19, 2022 
for a total of 92.5 hr

• No FRB-like burst
detection

• 900s scans folded in X-ray 
timing to create a single 
file (psradd) and check by 
psrplot

• No evidence for pulse 
radio emission
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3.2.* Phase-resolved spectroscopy
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3.2.* Phase-resolved spectroscopy
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Israel et al. 2016; Younes et al. 2017,2020; Borghese et al. 2020, 2022; CHIME/FRB Collaboration et al. 2020, 2022; Ibrahim et al. 2022


