
A. Paizis (INAF/IASF, Milano)

● The INTEGRAL/IBIS archive
   Paizis, Mereghetti, Gotz, Fiorini, Gaber, Regni Ponzeveroni, Sidoli, Vercellone, 2013        

● HMXB results
  1. SFXTs:     Paizis & Sidoli, 2014; Shakura, Postnov, Sidoli, Paizis 2014
  2. Vela X­1: Sidoli, Paizis, Fürst, Torrejón, Kretschmar, Bozzo, Pottschmidt, 2015
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The INTEGRAL/IBIS archive
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IBIS:  Imager
     (15 keV ­ 10 MeV) 

SPI: Spectrometer
(20 keV ­ 8 MeV)

+ 2 monitoring instr.
JEM­X (4.5 ­ 35 keV)
OMC : optical camera

Launched in 2002
(Winkler+2003, 2011)

Once public, 
all data downloaded 

@ IASF Milano



(Paizis+2013)
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(Paizis+2013)
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(Paizis+2013)
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Known sources: ~ksec
IGR J11215­5952 

No INTEGRAL expertize required!(11.5 years) IMAIMA: SFXT results



4U 1700­377

(17­30 keV)

(0.8 d)

(1 Crab = 173 cps)

(2 months)

Known sources: ~100 s

(Paizis+2013)

LCRLCR:Vela X­1 results



● All the NEW* grouped by position (this is MAXI J1659­152)
● This helps tracing back to see if a new source passed unnoticed in the 
  archive 

New sources

(Paizis+2013)



http://www.iasf­milano.inaf.it/~ada/GOLIA.html

+ ima_pick!



IMAIMA Results  
SFXTs



Sources at a glance:
● SgHMXB: log­norm
● SFXT: PL (and harder)

Cumulative distribution functions (11 SFXTs + 3 sgHMXB)

(Paizis & Sidoli 2014)
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Why a PL?

● 10 years of data
● IBIS: 17­50 keV
● Bright flares
● No N

H
 dep.

● No spectral var.
● ~2ks (flare time)
● F>3 10­10 erg s­1 cm2

   (>~20 mCrab)

(see Bozzo+14 for 
Swift 2­10 keV, 
100s curves)



                        SOC systems ?

PL­like cumulative curves: 
Self­Organized­Criticality (SOC) Systems (Aschwanden 2013)

   “a system which perpetually evolves into a 
   critical state where a minor event can start 
   a chain reaction, leading to a catastrophe” 
   (sand­pile, earthquakes, solar flares, ecc)

There is a physical model that is compatible with trigger, chain 
reaction and catastrophe : subsonic “shell” accretion 
(Burnard+1983, Davies & Pringle 1981, Shakura+2012) 
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(Shakura+2014)

 → Bright SFXT flares as result of “catastrophe” in a SOC!?



The trigger: magnetic reconnection

 10%  sgHMXB have kG

SFXT low state       magnetic reconnection            more matter falls in

  shell instability                      bright flare on t
freefall

 ~ 1-2 ks

(Shakura+2014)



LCRLCR Results
Vela X­1 off­states



OSA 10.0, 22­50 keV, LCR (100s), 10.2 yrs                               (Sidoli+2015)

DETSIG>3

DETSIG<3
off states

Vela X-1



(Kaper+1994)

Scattering of hard X­rays 
in a region of ionized 
large­scale wind

photoionization wake (SG 
wind and NS emission)





Conclusions / Future Work

● INTEGRAL offers a wealth of data (sensitivity, FoV and angular resolution):        
  long term studies of classes of sources in a consistent way.
   → Archive on-site triggers ideas/discoveries
  → Want to know your favorite source? Contact me!
  → New archive on its way (s/w and h/w upgrade)

● SFXT cumulative distributions and interpretation (“IMA”)
   → New view of SFXT in hard X-rays
   → Bright flares PL-like : SOC?
   → Subsonic settling accretion model by Shakura et al

→ What can we learn from 100s cumulative curves?

● Vela-X1 off-state distribution (“LCR”)
→ Asymmetric off-state distribution
→ Effect of photoionization wake in hard X-rays
→ Try it on other HMXBs
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