
IGR J18245-2452 - C. FerrignoTexas symposium 2015 - Geneva

The peculiar X-ray variability of the 
transitional pulsar IGR 

J18245-2452 

C. Ferrigno, A. Papitto, M. Romanova, E. Bozzo, N. Rea 
et al.

1



IGR J18245-2452 - C. FerrignoTexas symposium 2015 - Geneva

Evolution
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Rotationally powered  
evolution

Accretion powered  
evolution

• Accretion of material brings angular momentum and spins-up 
the pulsar. 

Recycled pulsars
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General view of accretion

• Matter of the disk is stopped by the magnetic pressure 
• Accretion in inner parts 
• Outflows in outer parts 
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Inflation, Outflows 

rm 

Camenzind 1990 �!

Accretion 
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Characteristic radii

• Corotation radius: radius at which the magnetic field 
rotates at the local Keplerian speed 

• Alfven radius: distance from a non- rotating star where the 
free-fall of a quasi-spherical accretion flow is stopped. 

• Magnetospheric radius: radius at which magnetic pressure 
overcomes the ram pressure and flow is trapped by 
magnetic field rm =  f rA , f~0.4
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Propeller and accretion

Inner disk 
rotates 
faster than 
magnetosp
here  
Matter is 
funnelled 
to the 
surface by 
B-field
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rcor rm rm rcor 

Accretion Propeller Magnetos
phere 
rotates 
faster than 
accretion 
flow and 
matter can 
be 
centrifugal
ly ejected.
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In scale
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Propeller accretion

• For lower accretion rate, pressure of matter lowers and 
collimated outflow of matter and angular momentum appears.  

• Centrifugally driven at the inner boundary of accretion disc. 
• Matter is partly accreted and partly expelled. Episodic accretion. 
• Neutron Star spins down efficiently

7

Romanova et al. (2005) Lii	et	al.	(2014)
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IGR J18245-2452

• Discovered during the 
quick-look of 
INTEGRAL data 

• Located in the 
globular cluster M 28

8

• We triggered Swift, 
XMM-Newton, 
Chandra,INTEGRAL, 
ATCA follow-up 
observations 

• Others have looked into 
the HST archive
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It is the 15th accreting  
millisecond pulsar
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4 ms

Papi1o	et	al.		(Nature	501,	517-520,	2013)

30 ks + 70 ks XMM-Newton TOOsFlicker noise

11 hours
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Thermonuclear burst

• Only one detected during the Swift/XRT monitoring. 
• Burst oscillation at 3.9 ms, phase locked with spin 

modulation 
• It is an accreting millisecond pulsar !
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Unique !!
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Papi1o+		(2013)

Red back: Radio 
signal is weak and 
characterized by 
irregular “eclispes”, 
due to intra-binary 
plasma.

• The only rotation-
powered pulsar 
showing a full X-ray 
outburst. 

• PSR J1023+0038 and 
XSS J12270-4859 
swing from/to radio 
powered emission and 
weak accretion phase 
with an accretion disk.In 
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Radio loud again !

• Only a few days after the last X-ray detection !
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X-ray 
PSR 

Radio PSR  
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Average X-ray spectrum

• Comptonization + Disk + Broad iron line +
(calibration lines)
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Pronounced variability

• Atypical 
variability from 
seconds to 
hundreds of 
seconds 

• Typical 
outburst 
duration  

• Unfrequent 
type I X-ray 
bursts (only 
two in the 
whole 
campaign)
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Type I X-ray burst
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XMM-Newton light curve

• Very interesting variability, 
unique among AMSP. 

• Episodes of enhanced 
hardness at low flux 

• No orbital dependency.
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Hard 3.5-10 keV
Soft 0.5-3.5 keV

Ferrigno	+		(2014)

time Bins >= 200 s
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Two branches

• Blue: higher flux, limited Hardness variation 
• Magenta: lower flux, swings of hardness, what are they?
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time Bins >= 200 s
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Two accretion states

17

Higher state

Lower state
TWO log-
normal 
distributions

2e36 erg/s1e35 erg/s

time Bins = 1 s
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Luminosity dependence

• Broad Iron line and 
Comptonization spectrum 

• Sinusoidal profile with high pulsed 
fraction 

• Black-body and hard Compton tail 
• Low pulsed fraction and two 

harmonics
18
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Hardness dependency

• From black-body and 
Comptonization to partially 
covered power-law 

• Is this a signature of ejection 
episodes?
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Interpretation

• Low state: propeller accretion and ejection episodes 
• High state: variable accretion along field lines 

Mixing is always present
20
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Cyclic accretion

• Matter accumulates and then is accreted in cyclic fashion 
• Contemporary ejections of material.  
• Problem: millisecond scale not reachable with current 

instruments.
21

Lii	et	al.	(2014)
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Low-intensity outburst  
and quiescence

• Lower luminosity outbursts with peculiar switches of 
intensity but not of spectral shape
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Soft

Linares	+		(2014)
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A decade of observations

• Monitored as part of the 
globular cluster M 28: it is 
at 5.5 kpc. 

• One bright accretion 
driven outburst. Strong 
spectral and timing 
variability. 

• Intermediate accretion 
events: X-ray & optical 
brightening. Mode switch 
variability. 

• Faint radio pulsar with 
irregularly eclipses due to 
outflows.
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X-ray outburst 

Radio PSR  

X-ray   brightening 
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Three variability states

24

Lx ~ 1035-36 erg/s

Lx ~ 1033-34 erg/s

Patruno & D’angelo (2013)

Lx ~ 1032-33 erg/s

• IGR J18245-2452 is the first and only 
system swinging from radio to X-ray 
accretion and vice versa in time 
scales of days. 

• Peculiar bimodal variability at high LX 
interpreted as the switch from “pure” 
accretion to “propeller” accretion with 
outflows/jets.  

• Low-luminosity variability similar to 
PSR J1023+0038 and XSS 
J12270-4859 interpreted as propeller 
accretion or buried radio emission in 
an enshrouded radio pulsar. 

• What is causing the these peculiar 
variabilities? Is it linked to their 
transitional nature ?


