SPI ANALYSIS OF THE HIGH ENERGY
EMISSION OF
CYG X-1
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Data set and Field of view

Angle selection : 13°
More than ~20 scw in the revolution

42 parts of revolutions
Total duration : 4 Ms

From June 2003 to December 2009

Sky Model : Cyg X-1
Cyg X-3
EXO 2023+375

GRS 1915

Log of the INTEGRAL SPI Observations of Cyg X-1 Used in This Paper

Revolution
MNumber

Start

End

Useful
Duration (ks)

T80 (5 = 5)
210-214 {A)
251-252(A)
259 and 261 (H)
470 (EXO, H)
486 (EXO, H)
498503 (GF)
628631 (A)
673 (A)
6E2-684 (A)
T39-T46 (A)
03806 (A)
A75(H*) and 877(H)

Cyg X-1

2003 Jun 7 00:59
2004 Jul 3 00:01
2004 Nov 3 14:23
2004 Nov 26 12:28
2006 Aug 19 09:19
2006 Oct 6 00:11
2006 Nov 11 19:31]
2007 Dec 4 19:05
2008 Apr 18 17:41
2008 May 14 08:13
2008 Nov 1 02:14
2009 May 11 08:27
2009 Dec 12 16:18

2003 Jun 12 03:35
2004 Jul 17 00:25
2004 Nov 7 16:26
2004 Dec 3 15:43
2006 Aug 21 16:02
2006 Oct 8 0755
2006 Dec 4 06:20
2007 Dec 15 21:08
2008 Apr 19 22:09
2008 May 22 [9:54
2008 MNov 24 05:25
2009 May 22 11:32
2009 Dec 19 20:57
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203
T09
176
143
159
160
535
388

54
34
551
371
160
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Method and Parameters

Qur standard method

Background based on flat-field observations
1 pattern per ~ 6 months
1 normalization factor each ~ 10 ks (5 scw)
All Single events for E > 650 keV
PSD events only above
Sources’ flux kept constant per revolution

Model fitting: choice of all free parameters value through a X? minimization

Check at the end of the flux extraction that final X? values close to 1 (per
energy bin and scw).

Check in the final spectra that background lines are properly subtracted
(139 and 198 keV lines)
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Validation of the method
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On the Crab observations
Between 20 keV and 5 MeV

Crab 2008 & end of 2011

2008 Mean spectrum
Rev 1089+ 1096

High Energy Stability
— ; ;

Stability of the
spectral parameters , ,
and flux
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Cyg X-1 results

FLUX averaged by revolution

0.0045 [

0.0025

2.0x107%f
1.8x107*F

1.6x107*F
1.4x107*
w.zxwo*4f
1.0xwo*4f
8.0x10°°F

6.0x107°F

0.0040 |
0.0035 F

0.0030 |

CYG [29.250 —70.250 ] keV

I | ' [l E
‘ X
L . Ly _
‘l
1500 2000 2500 3000 3500
CYG [120.25 —506.25 ] keV /I\
a ! E
{i ‘ ﬂ | X ~3
L { ‘| | ll | ]
i ’.
3 \ H E
ﬂ |
E ! E
: L L L L L
1500 2000 2500 3000 3500
MJD—51544 (days from O1,/01,/2000)
2003 2004 2006 2008 2009

Clear spectral and flux variability

keV*x2/(cm2.s.keV)

RESIDUALS

5—Rev 877; Dec 2009, 18
2—Rev 252; Nov 2004, 05
[ 3—Rev 259; Nov 2004, 27

1—=Rev 80; Jun 2003, 09

1 . T R S N R R

100
ENERGY (keV)

S gEE, PNt
hE

st

BN ON D
T[T T[T

+
e

100
ENERGY (keV)

Cyg X-1 IUG 18-19/01/2012

E. Jourdain



Cyg X-1 results
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* Temperature and optical depth increase

* + same 2" Comptonisation medium
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keV**2/(cm? s keV)

residuals

Cyg X-1 results:
Total spectrum

0.5% systematics
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Cyg X-1 results:
Comparison with IBIS (1)

IBIS DATA from Laurent et al.,
(2011)
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Nice agreement up to ~ 600 keV

Clear discrepancy above 600 keV Cyg X-1 IUG 18-19/01/2012  E. Jourdain



Photons / cm2 s keV

Cyg X-1 results:

Comparison with IBIS (2)

Total spectrum

2008-2009 spectrum

CYG X—=1 SPI data 2005-2009

New IBIS values

e Philippe, last week
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Comparison SPI - IBIS

All together:

Photons / cm2 s keV
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All together:

Comparison SPI - IBIS

Photons / cm2 s keV
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CONCLUSIONS

d Hard to reconcile IBIS-COMPTON and SPI results.

What to do ?

O Comparison with the Crab data
First test gives a factor 2 ....in the bad direction

O SPI polarization measurements ?
Not so easy to detect (and in any case, < 1 MeV)

High energy results require more time
For calibration and science
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