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Draft Agenda Last update :  19/03/07 
 
 

Start: 14:00h at MPE Seminar Room X2 (ground floor) 
 
1. Instrument performance and response: (operations, performance checks, calibrations) 
 
ü 9th Annealing and Camera Performance 10 min J.P. Roques 
 
ü Onboard Software Update IASW 4.3.3. 10 min J.P. Roques 
 
ü Anticoincidence System Status 5 min A von Kienlin 
 
 
2. Analysis methods & database (data archive, routine analysis results, new tools) 
 
ü MaxEnt imaging: source finding 15 min X. Zhang 
 
ü The latest update of SPIROS and the problem 10 min P. Connell 
of usingmultiple IRFs with long time span observations 
 
     Coffee 
 
ü SPI source catalogue results (spectra and more) 60 min D. Petry 
 
3. SPI science results (per science topic) 
 
ü The high energy emission of compact objects 20 min J.P. Roques 
  E. Jourdain 
 
ü Cygnus X-1: the flare of September 2006 15 min J. Malzac 
 
   End of day 
 
ü Search for redshifted neutron capture line  
 from A0535+26 during an outburst 15 min S. Caliskan 
 
ü Search for 44Ti from Vela Jr 15 min A. von Kienlin 
 
ü The sky distribution of 511 keV line emission 45 min G. Weidenspointner 
 

 Coffee 
 
ü 26Al Studies of the Galactic Plane  15 min W. Wang 
 
ü Status of Saclay data analysis for Vela 26Al 10 min S. Schanne 
 



 
ü Imaging the gamma-ray sky 20 min J. Knödlseder 
 
ü Updated intercomparison of SPI/IBIS diffuse continuum 10 min A. Strong 
 
ü Galactic sources and diffuse emission 15 min L. Bouchet 
 
ü Galactic-Ridge Gamma-Ray Sources 20 min Mike Revnivtsev 
 
     Lunch 
 
ü Search for HESS and EGRET sources counterpart 10 min L. Bouchet 
 
ü Multi-wavelength & INTEGRAL study of Mrk 421  15 min G. Lichti 
 
ü GRB work/Overview of current  
 INTEGRAL/SPI activities in Berkeley's group 10 min T. Wunderer 
 
4. INTEGRAL mission and science prospects: (meeting reports, CP and AO issues) 
 
ü ISWT report  

(Core Program, AO's and Mission Extension)  10 min R. Diehl 
 
 
5. SPI Teamwork Aspects: (CO-I member list, publication record & plans, webpages) 
 
ü SPI Publications 10 min R. Diehl 
 
 
6. Other 
 
ü Presentation for a Marie Curie project 10 min E. Kalemci 
initiated few months ago (project, collaboration 
opportunities and workshop)  
 
 Coffee 
 End of Meeting  
 



ANNEALING 9th

• Procedure started December 4th
• Camera switch-on December 21th
• Duration 205h



Cold plate 
temperatur

e 

T° = 101 
K

T° = 
100.5 K

T° = 100 
K

T° = 
99.5 K

T° = 
98.9 to 
97.9 K

High 
Voltage

HV = 2 
kV

HV = 2.5 
kV

HV = 3 
kV 

(GeD#12 
at 2,5 
kV)

HV = 3.5 
kV 

(GeD#12 
at 2,5 
kV)

HV =4 
kV 

(GeD#12 
at 2,5 
kV)

Detector Energy resolution in keV

0 1,93 1,83 1,92 1,9 1,99

1 1,88 1,91 1,79 1,84 1,9

3 1,89 1,87 1,88 1,92 1,99

4 2,24 2,19 2,19 2,29 2,21

5 1,9 1,84 1,87 1,84 1,83

6 1,92 1,93 1,94 1,96 2,01

7 2 2 2,06 2,22 2,39

8 1,87 1,94 1,83 1,86 1,9

9 1,89 1,9 1,92 1,84 1,88

10 1,99 2,01 1,89 1,9 1,94

11 1,89 1,9 1,86 1,88 1,93

12 2,11 2,8 2,8 2,93 2,71

13 1,81 1,76 1,87 1,87 1,91

14 2,14 1,94 1,96 1,96 2

15 1,89 1,98 1,98 1,91 1,93

16 1,9 1,85 1,94 1,87 1,87

18 1,84 1,81 1,93 1,88 1,97



882,5 keV line
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1764,3 keV line
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2754 keV line
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GeD 12 tests at 80 K rev 514

GeD#12 HV 2,5 kV 3 kV 3,5 kV 4 kV

198 keV line 
resolution in 

keV
2,02 2,1 2,16 2,4

GeD 12 HV has been set to 3.5 kV



GeD temperature

• 82K 05/07/2006
• 80K 24/10/2006
• Nominal behaviour of the GeD and 

cooling system



IASW 4.3.3

• Spectra scaling function
• AFEE cryo temp sampling at 8s
• Feedback of the Broadcast pkt in TM
• Reacquisition of HK at mode change
• Removal of 4.3.2 instrumentation code
• Correction of TLD head size



IASW 4.3.3

• Uploaded February 23th
• A minor anomaly has been discovered
• To be corrected soon
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SPI Co-Is Meeting, CESR-Garching
Andreas von Kienlin MPE 1

ACS status:
- FEE 81 failure

- Development of ACS FEE count rates  
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ACS health and performance monitoring
Î First FEE failure (FEE57) in August 2003

Î Second FEE failure (FEE 81) in November 2006
ü Strange behavior FEE rate meter during revolution 494
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ACS health and performance monitoring
Î First FEE failure (FEE57) in August 2003

Î Second FEE failure (FEE 81) in November 2006
ü Strange behavior FEE rate meter during revolution 494

ü On October 29, 2006 FEE81 HV status indicated out of range 
below specification.  

ü The indication is accompanied by a sudden decrease of FEE81 
count rate.  

ü In the following hours the FEE81 count rate has non-nominal 
fluctuations while the out-of-range indication is intermittently 
flagged on and off.

Î SPI ACS FEE 81 was switched off on November 9, 2007

Î Trial for reanimation during last annealing 
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ACS FEE57 failure
Î After the radiation belt exit at the beginning of orbit 99   (Aug. 5, 2003 15:30)
ü Rate meter of FEE57 showed 0 counts ( ~ 3600 cts/1.024 sec nominal value)
ü Several attempts were performed to reanimate the FEE function   

→ but without success
ü ACS performance maintained due to redundancy concept (FEE)

Orbit 98
Perigee passage:
ACS HV switched off Orbit 99
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ACS 
FEE81 count rate:  16.10.06 - 11.02.07

Rev 494

9th Annealing 
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ACS 
FEE82 count rate:  16.10.06 - 11.02.07
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ACS 
overall count rate:  16.10.06 - 11.02.07
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ACS 
overall count rate:  30.11.02 - 11.02.07
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Maximum entropy imaging with SPI
--- finding sourses 

Xiaoling Zhang, Andy Strong, MPE

SPI Team Meeting, MPE, March 2007

Ramon
Zone de texte

Ramon
Zone de texte
Maximum entropy imaging with SPI
            --- finding sources
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Maximum entropy imaging with SPI
(continued) 

● Data set
– All public data or data belong to MPE 
– up to revolution 452
–  created with spiselectscw

Status report on application to sources 

spiskymax: maximum entropy

background variations determined by spimodfit



 SPI Team Meeting, Garching, 2007 3

 log scale

All sky image, 20 – 25 keV

1o binning
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Inner Galaxy
20-25 keV 25-50 keV

50-100 keV 100-200 keV

l: +/-52o, b: +/- 25o0.5o binning
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20-25 keV 25-50 keV 50-100 keV 100-200 keV

200-400 keV 400-500 keV 508-514 keV 520-1785 keV

1785-1826 keV 1826-8000 keV

Crab

0.1o bins, color scale: sqrt
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0.1o pixels
FWHM = 0.4o

Crab 20-25 keV



 SPI Team Meeting, Garching, 2007 7
This is the clue of an unknown source.

 source in catalogue

source not 
in cataloguee

INTE

GREAL Reference Catalogue

INTEGRAL Reference Catalogue
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New source ?

20-25 keV 25-50 keV

50-100 keV 100-200 keV

l: ~ 135.4o, b ~ +10.5o

RA= 3h 21.9m    dec= +69.60.2o binning
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Possible application of maximum entropy 
as source-finder

not quantitative (significance, flux)
        --> can use as input to e.g. spimodfit or spiros 
              for further investigation
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Both are High Mass X-ray Binaries, transients

EXO 0331+530 (V0332+53) 

H 0115+634 (4U 0115 + 63, V635 Cas) 

Two bright sources in the field
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RXTE ASM lightcurves of the two bright 
sources in the field

Outburst of 
EXO 0331+530

Outburst of
H 0115+634
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Integral Observations
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Selected Pointings
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Spimodfit results
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Spimodfit results
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Background ?

no source input to 
spimodfit

three sources input to spimodfit
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One source or more?

+

Only use data from 
epoch 1

blue cross is roughly
the unknown source
position
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future

● Background issue
● Run spimodfit and spiskymax interatively
● Check other possible positions
● Continue all sky imaging, in higher 

energies



SPIROS status reportSPIROS status report

P.H.ConnellP.H.Connell

University of ValenciaUniversity of Valencia



SPIROS-9.3 – current state of the art

• SPIROS-9.3 installed at ISDC

• Changes for time scales for each catalogue source

• Allows source spatial image to be given in catalogue.



Changes contemplated for SPIROS-9.4

•• Will read in groups of Will read in groups of IRFsIRFs each specific to various     each specific to various     
pointing sequences, such as detector fallout groups. pointing sequences, such as detector fallout groups. 

Uses simple expedient of copying each IRF group toUses simple expedient of copying each IRF group to
the index file currently in use, with two new header the index file currently in use, with two new header 
parameters ORBITNUM,ORBITEXP for start time.parameters ORBITNUM,ORBITEXP for start time.
Up and running.Up and running.

•• Will read in detector background patterns valid from Will read in detector background patterns valid from 
some orbitsome orbit--no, exposureno, exposure--no either for each data energy   no either for each data energy   
bin or some sequence of energy nodes.bin or some sequence of energy nodes.

Up and running but with input via a text file.Up and running but with input via a text file.



SPIROS map of Cygnus region SPIROS map of Cygnus region 
1922 1922 pointingspointings -- background pattern fixed background pattern fixed 

with multiple IRF groups 18/19/20with multiple IRF groups 18/19/20



ExampleExample ofof textfile background pattern input for three pointing sequencestextfile background pattern input for three pointing sequences::

ORBORB gives thegives the orbitorbit--no atno at whichwhich an IRFan IRF beginsbegins toto be validbe valid
EXPEXP gives the exposuregives the exposure--no inno in the orbitthe orbit atat which thewhich the IRFIRF beginsbegins toto be validbe valid
BINBIN givesgives anan energyenergy binbin--no andno and thethe 1919 following numbers are the background modulation pattern for thafollowing numbers are the background modulation pattern for thatt binbin
ERGERG would be similarwould be similar to BINto BIN but forbut for anan energy interpolation nodeenergy interpolation node inin keVkeV. . 

ORB=001ORB=001
EXP=001EXP=001
BIN=1 0.990 0.987 1.002 1.011 0.982 0.971 0.976 0.988 1.024 1.02BIN=1 0.990 0.987 1.002 1.011 0.982 0.971 0.976 0.988 1.024 1.028 1.057 1.036 1.012 1.004 1.020 1.002 0.962 0.961 0.9898 1.057 1.036 1.012 1.004 1.020 1.002 0.962 0.961 0.989

ORB=140ORB=140
EXP=001EXP=001
BIN=1 1.031 1.030 0.000 1.053 0.956 0.940 0.947 0.957 1.007 1.07BIN=1 1.031 1.030 0.000 1.053 0.956 0.940 0.947 0.957 1.007 1.077 1.115 1.090 1.005 0.981 0.997 0.969 0.945 0.939 0.9647 1.115 1.090 1.005 0.981 0.997 0.969 0.945 0.939 0.964

ORB=215ORB=215
EXP=001EXP=001
BIN=1 1.005 1.003 0.000 1.021 0.933 0.989 0.995 0.950 0.994 1.05BIN=1 1.005 1.003 0.000 1.021 0.933 0.989 0.995 0.950 0.994 1.053 1.091 1.062 0.986 0.959 0.979 0.958 0.998 0.000 1.0243 1.091 1.062 0.986 0.959 0.979 0.958 0.998 0.000 1.024

ENDEND



SPIROS map of SPIROS map of ScutumScutum region region –– about 3000 about 3000 pointingspointings



ISGRI map of ISGRI map of ScutumScutum region from OSA softwareregion from OSA software



ISGRI map of ISGRI map of ScutumScutum region from “region from “SegretoSegreto” software” software



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SPI source catalogue results (spectra and more) 
 

D. PETRY 



4 YEARS ALLSKY SURVEY WITH SPI/INTEGRAL4 YEARS ALLSKY SURVEY WITH SPI/INTEGRAL

• Analysis of 25691 pointing (103308102 sec )
– Sources spectra
– Galaxy emission 

• spectra 
• diffuse spatial morphology 
• imaging



“POINT” SOURCES 
To find point sources : - “Spiros”

- “Direct” Imaging

- IBIS Input (Bird, 2005,2007; Bazzano 2006)

Start from previous catalogues 
– Run “Spiros” and search for new sources
– Eliminate strong variables sources from the data using TIME_MODEL_FIT

• Analysis of each area of ∆l=30° x ∆b=180°
– Sources catalogue

• Image of the sources of the Galaxy by combining these 12 areas

ANALYSIS WITH SPIROS

Divide the sky in small area to make “possible” an analysis
12 regions of size ∆l=60° x ∆b=180 centered at l=180°, 150°, …,-150°
Keep the central ∆l=30 °x ∆b=180°



2525--50 50 keVkeV standard standard deviationdeviation «« SpirosSpiros combinedcombined imageimage »»

NB : Systematic due to strong variable sources such as Cyg X-1 combined with the finite 
precision of SPI responseare taken into account by using a region dependant threshold.



“Direct” sources search
• 100-300 keV intensity image of the the sky

– Small pixel size ~0.5x0.5 100-300 keV

Maximum Entropy image 

Skilling & Brian (1984), 
Bouchet (1992, 2000)



RESULTS
• Analysis in several energy bands

25-50 keV : 197 sources (all associated to IBIS exept 1)
50-100 keV : 96 sources
100-200 keV : 35 sources
200-600 keV : 16 sources
E > 600 keV :

Cyg X-1, Crab Nebula, GRS 1915+105, GRS 1758-258, Cyg X-3, Swift J1656.3-3302 

…………………………………………………………………..



Simultaneous analysis of sources and « diffuse » emission (Last talk)

50-100 keV



100-150 keV



Sample of spectra

NB: Colors are related to the number of source used to model the data



Source study : GRS 1915+105

Pointing selection : d(pointing axis-source direction) < 12°

Half highest flux

Half lowest flux

SWIFT – IBIS – SPI comparison



The High Energy Emission of Compact Objects with The High Energy Emission of Compact Objects with 
SPI/INTEGRALSPI/INTEGRAL

E. Jourdain, JP. Roques, L. BouchetE. Jourdain, JP. Roques, L. Bouchet
CESR/CNRS, Toulouse, FranceCESR/CNRS, Toulouse, France



THE SPI/INTEGRAL TELESCOPETHE SPI/INTEGRAL TELESCOPE

IBIS (Imager)                          SPI (Spectrometer)

JEM-X (X-ray Monitor)          OMC (Optical Monitor)

INTEGRAL Launch in 2002, October

Imaging: 16° fully coded 
FOV Angular resolution: 2.6°

Energy range : 20 keV-8 MeV
Energy resolution: 0.2 %

Shield: active BGO shield
Camera :19 HP Ge detectors. 
Active cooling: 85 K

Timeresolution: 100 microsec

SPI

See Poster n° 225
by JP. Roques

And talk by R. Dielh



THE SKY IN HARD XTHE SKY IN HARD X--RAYSRAYS

WITH SPI/INTEGRALWITH SPI/INTEGRAL

Survey Activity with INTEGRAL
SPI : extraction of source and diffuse emission fluxes simultaneously

Main goal : Main goal : studystudy of of thethe total total GalacticGalactic emission emission 

• Analysis of 4 years of public+CP data (~ 45 Ms)  
(revolution  44  - February 2002 to revolution 441 - May 2006)

ResultsResults ::

• For diffuse emissions:  see
poster n° 83 by L. Bouchet 

• ~ 30 known sources detected
(2σ) above 100 keV
(mean/persistent flux)

100-300 keV



THE SKY IN HARD X RAYSTHE SKY IN HARD X RAYS

WITH SPI/INTEGRALWITH SPI/INTEGRAL
F(100-300 keV) mcrab      σ

NGC_4151        26.09  +/- 6.29     4.15
NGC_4388        13.20  +/- 5.16      2.56

3C_273         10.81  +/- 4.54      2.38
NGC_4945         13.13  +/- 3.51      3.74

Cen_A         58.48  +/- 4.24     13.80
PKS 1830-211       4.45  +/- 1.83      2.44

EXTRAGALACTIC EXTRAGALACTIC 
CLASSCLASS

CEN A
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NGC 4945



THE SKY IN HARD X RAYSTHE SKY IN HARD X RAYS

WITH SPI/INTEGRALWITH SPI/INTEGRAL

GALACTIC CLASS  : NEUTRON STAR SYSTEMSGALACTIC CLASS  : NEUTRON STAR SYSTEMS

PL  α = 3.2
kTbrem=24 keV
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GX 1+44U 1700-377GX 354-0

kTbrem=32 keV kTbrem=41 keV
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THE SKY IN HARD X RAYSTHE SKY IN HARD X RAYS

WITH SPI/INTEGRALWITH SPI/INTEGRAL

GALACTIC CLASS : BLACK HOLE CANDIDATE SYSTEMSGALACTIC CLASS : BLACK HOLE CANDIDATE SYSTEMS

Energy (keV)
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kT ~ 60 keV
τ ~ 1

PL  α = 3.2kT ~ 50 keV
τ ~ 1

GX 5-1



THE SKY IN HARD X RAYSTHE SKY IN HARD X RAYS

WITH SPI/INTEGRALWITH SPI/INTEGRAL

SCO X-1

Energy (keV)
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SCO XSCO X--11

Thermal Comptonization (comptt) 
+ power law 
photon index ~ 2
Or
kTbb =2.8 keV + power law 
photon index ~ 3

Transient hard tail already 
observed (HEXTE, IBIS) 
~ 25 – 30 % of the time



THE SKY IN HARD X RAYSTHE SKY IN HARD X RAYS

WITH SPI/INTEGRALWITH SPI/INTEGRAL

CYG X-1
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CYG XCYG X--11

Thermal Comptonisation (Comptt) 
+ reflection (R=1)
kT ~ 50 keV
τ~ 1

Power law photon index ~ 1.8
Ftest ~ 4.10-6 



THE SKY IN HARD X RAYSTHE SKY IN HARD X RAYS

WITH SPI/INTEGRALWITH SPI/INTEGRAL

GS1826-24

GS1826GS1826--2424

Thermal Comptonisation (Comptt) 
+ reflection (R=1)
kT ~ 17 keV
τ~ 1

Power law photon index ~ 1.5
Ftest ~ 4.10-4 
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Long Long durationduration integratedintegrated spectraspectra ofof individualindividual sources :sources :

A good fraction  emits above 100 keV with or without cutoff

(averaged on various states)

THE SKY IN HARD XTHE SKY IN HARD X--RAYS :RAYS :

CONCLUSIONSCONCLUSIONS

WhichWhich physicsphysics in in thisthis energyenergy domaindomain ??

Thermal emission : parameters estimation 
+ Reflection : do not help

• Challenge: To determine the true reflected component shape
(Comptonisation in the corona, smearing by relativistic effects, 
multiple reflections by light bending…)

• Transition between reflected/primary components

• Transition between thermal/non-thermal emissions

T. Suebsuwong et 
al., 2006



From an X-ray Nova 
Nova Persei, (Sigma/Granat

observation in 1992)

From BH Candidates

(Cyg X-1, GX 339-4)
OSSE/CGRO (Johnson et 

al., 1993)

THE SKY IN HARD XTHE SKY IN HARD X--RAYS :RAYS :

CONCLUSIONSCONCLUSIONS

Additional component observed in BH and NS systems above ~ 100 keV
up to the MeV region

Variable but detected in 4 years time-averaged spectra

Significant contribution to the total source luminosity

OriginOrigin ??

non-thermal comptonizing population (jet ?), 2nd hotter region…

Link between thermal and non-thermal emissions ?   (variability study)



UnifiedUnified point point ofof viewview

3C 273 : The non-thermal (jet) emission hides the thermal (corona) one
(Grandi & Palumbo, 2004)

THE SKY IN HARD XTHE SKY IN HARD X--RAYS :RAYS :

CONCLUSIONSCONCLUSIONS

Both mecanisms could be present in all source classes but the
dominant process changes





4U0142+61     2.68     2.69     0.99                     Crab 998.13     3.39   294.15
Vela_pulsar 10.41     2.00     5.22              4U_0836-429     5.98     2.03     2.95
x NGC_4151    26.09     6.29     4.15           x NGC_4388    13.20     5.16     2.56
x 3C_273    10.81     4.54     2.38           x NGC_4945    13.13     3.51     3.74
xCen_A 58.48     4.24    13.80             xCircinus_galaxy 2.71     3.00     0.90

PSR_B1509-58     4.47     2.45     1.83            XTE_J1550-564    27.35     2.26    12.08
4U_1608-522     4.49     2.15     2.09                  Sco_X-1    11.83     3.34     3.54
4U_1630-47    17.54     2.13     8.22              4U_1636-536     2.73     2.26     1.21

OAO_1657-415     8.88     1.89     4.70                 GX_339-4    29.94     2.12    14.11
4U_1700-377    29.31     1.81    16.20              4U_1705-440     2.47     1.92     1.28

IGR_J17091-3624     7.07     1.76     4.02            XTE_J1720-318     2.07     1.48     1.40
GRS_1724-30     1.94     1.50     1.29                 GX_354-0     1.98     1.53     1.30

GX_1+4     4.77     1.42     3.35            SLX_1735-269     1.15     1.54     0.75
1E_1740.7-2942z    44.21     1.82    24.27          IGR_J17464-3213    12.41     1.47     8.45

GRS_1758-258    78.17     1.47    53.11              SGR_1806-20     3.15     1.65     1.91
M_1812-12     8.86     2.13     4.16               GS_1826-24    24.54     1.73    14.22

PKS_1830-211     4.45     1.83     2.44             RX_J1832-330     1.06     1.71     0.62
Kes_73     8.32     2.27     3.67            Aql_X-1     4.71     2.10     2.24

GRS_1915+105    55.17     2.07    26.60            Cyg_X-1   723.46     2.81   257.36
Cyg_X-3    27.55     2.48    11.10





Malzac, Beloborodov & Poutanen, 2001



Composante réfléchie multiple
• Spectre des photons réfléchis plus dur 
que celui des photons primaires.

• Plus proche du trou noir, il y a plus de 
photons réfléchis qui retournent au disque.

Rapport entre le spectre multiple et le spectre seul

XMM INTEGRAL

SUZAKU



THE SKY IN HARD X RAYS :THE SKY IN HARD X RAYS :

SOME  PARTICULARITIES  ALREADY OBSERVEDSOME  PARTICULARITIES  ALREADY OBSERVED

From an X-ray Nova 
Nova Persei, (Sigma/Granat

observation in 1992)

From BH Candidates

(Cyg X-1, GX 339-4)

Cyg X-1 by Integral
Malzac et al., 2006)

Cyg X-1 and GX 339-4  
by OSSE/CGRO Johnson 
et al., 1993)



Cygnus X-1: 
the flare of September 2006

With help from: E. Jourdain, P. Lubinski, M. Cadolle Bel,  A.A. Zdziarski,  
P. Laurent, M. Turler

Julien Malzac

CESR/CNRS, Toulouse



The september 2006 
outburst

• On 24-26 Sept 2006 Cyg X-1 at its highest level 
since INTEGRAL launch

• LC show constant flux  ~1.6 crab (20-100 keV) + 
outburst lasting 8 hours maximum ~2.2 crab 
(20-100 keV) on Sept 25

• ISGRI spectrum  is hard      ~1.6        ~135 keV

• On sept 30 Cyg X-1 was back in a usual state ~1.1 
crab

Γ Ec

Türler et al.  Atel 911



SPI light curves



Hardness ratios

No significant spectral variability



SPI spectra
model : n(E) = KE−Γ exp

(
− E

Ec

)

Total: Ec = 118+6
−6 keV, Γ = 1.31+0.03

−0.03

K = 1.21+0.11
−0.10 phot keV−1 cm−2 s−1

χ2/ν = 22/32

Peak: Ec = 106+13
−11 keV, Γ = 1.29+0.07

−0.07

K = 1.56+0.38
−0.31 phot keV−1 cm−2 s−1

χ2/ν = 24/32

Flux(20-300 keV): 0.64 ph cm−2 s−1

5.9 10−8 ergs cm−2 s−1

Flux(20-300 keV): 0.47 photons cm−2 s−1

4.5 10−8 ergs cm−2 s−1



SPI+ISGRI
ISGRI:

ISGRI+SPI:
Ec = 145+8

−7 keV, Γ = 1.47+0.03
−0.03

K = 1.91+0.19
−0.17 phot keV−1 cm−2 s−1

χ2/ν = 129/83

Ec = 178+18
−15 keV, Γ = 1.6+0.04

−0.04

K = 2.98+0.40
−0.36 phot keV−1 cm−2 s−1

χ2/ν = 26/49



SPI+ISGRI+PICSIT

Ec = 144+8
−7 keV, Γ = 1.47+0.03

−0.03

K = 1.88+0.19
−0.17 phot keV−1 cm−2 s−1

χ2/ν = 133/93



SPI+ISGRI: 
compps+reflection

data kT (keV) τ R χ2/ν
SPI 59+5

−3 2.59+0.17
−0.14 82/32

SPI 65+12
−12 2.7+0.59

−0.81 0.58+0.14
−0.3 30/31

ISGRI 80+2
−1 1.63+0.09

−0.08 36/49
ISGRI 95+2

−1 1.39+0.1
−0.09 0.25+0.1

−0.1 29/48
SPI+ISGRI+PICSIT 69+2

−2 2.03+0.09
−0.06 148/93

SPI+ISGRI+PICSIT 73+6
−3 2.01+0.09

−0.06 0.19+0.1
−0.1 138/92



Similar events

• several flares of durations 10^3 to 3 10^4 s 
already observed (Stern et al 2001; Golentskii 
et al 2003) with BATSE, ULYSSES an other 
missions both in hard and soft state

• brightest reported 3x10^-7 erg cm^2 /s 
(15-300 keV) while ours is only 5x10^-8 



Spectra of  the 

outbursts at their 

peaks

soft state

hard state

020224

another hard-state

spectrum

1996 soft state

unabsorbed

unabsorbed

average hard

state spectrum

950110

990421

020331

L!0.3LE at the peak

Similarity of the 

peak spectra in both

states, except for 

020331
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Similar events

• several flares of durations 10^3 to 3 10^4 s 
already observed (Stern et al 2001; Golentskii 
et al 2003) with BATSE, ULYSSES an other 
missions both in hard and soft state

• brightest reported 3x10^-7 erg cm2 /s (15-300 
keV) while ours is only 5x10^-8 

• huge sub-second flares reported by Gierlinski 
& Zdziarski 2003



from the observation 
the spectrum at the



• x



Conclusion

• During the the flare constant hard-state like 
spectrum

• This outburst is not extreme in luminosity 
but probably in duration 

• High luminosity hard state spectra not 
explained by standard ADAF models
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