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Aims of the Analysis & Observations

CYGNUS X-1

WHY CYGNUS X-1?

Very bright→ measurements with high signal to noise

Broad Fe Kα line

Strong, energy dependent variability

2 main parts of analysis:

BROADBAND CONTINUUM

constrain models for
Comptonizing plasma
(non-thermal Comptonization?)

constrain amount of Compton
reflection

IRON LINE

search for structure of the
Fe Kα line
(relativistic broadening)

determine shape and strength
of the Fe K edge
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Aims of the Analysis & Observations

CYGNUS X-1

WHY CYGNUS X-1?

Very bright→ measurements with high signal to noise

Broad Fe Kα line

Strong, energy dependent variability

2 main parts of analysis:

BROADBAND CONTINUUM

INTEGRAL, RXTE

IRON LINE

XMM-Newton
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Aims of the Analysis & Observations

THE OBSERVATIONS

Cyg X-1 was observed simultaneously by

XMM-Newton (total observation time: ∼40 ksec)
RXTE (total observation time: ∼152 ksec)
INTEGRAL (total observation time: ∼320 ksec)

for 4 times in November / December 2004

2.8 –10 keV

ESA
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Aims of the Analysis & Observations

THE OBSERVATIONS

Cyg X-1 was observed simultaneously by

XMM-Newton (total observation time: ∼40 ksec)
RXTE (total observation time: ∼152 ksec)
INTEGRAL (total observation time: ∼320 ksec)
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0

50

100

150

A
S

M
 C

ou
nt

 R
at

e 
[c

ps
], 

2−
12

 k
eV

2800 3100 3400 3700
JD−2450000

2003 2004 2005 2006

S. Fritz (IAAT) Multi-Instrument Study of Cyg X-1 “Five years of INTEGRAL”



Cygnus X-1 - Broadband Spectrum

BROKEN POWERLAW FITS

TYPICAL VALUES

Γ1 ∼ 2.0
Ebreak ∼ 10.0 keV
Γ2 ∼ 1.6
Ecut ∼ 24.6 keV
Efold ∼ 137 keV
EKα ∼ 6.29 keV
σKα ∼ 0.53 keV

χ2
red between 1.77

and 1.35
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Cygnus X-1 - Broadband Spectrum

BROKEN POWERLAW FITS

TYPICAL VALUES

Γ1 ∼ 2.0
Ebreak ∼ 10.0 keV
Γ2 ∼ 1.6
Ecut ∼ 24.6 keV
Efold ∼ 137 keV
EKα ∼ 6.29 keV
σKα ∼ 0.53 keV

χ2
red between 1.77

and 1.35

Comparison with previous results
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=⇒ good agreement with previous results
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Cygnus X-1 - Broadband Spectrum

EQPAIR FITS - THERMAL MODEL

TYPICAL VALUES

kTin ∼ 0.90 keV
ℓh/ℓs ∼ 3.56
τp ∼ 1.24
Ω/2π ∼ 0.30
ξ ∼ 1
EKα ∼ 6.22 keV
σKα ∼ 0.82 keV

χ2
red between 2.19

and 1.37
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Cygnus X-1 - Broadband Spectrum

EQPAIR FITS - THERMAL MODEL

TYPICAL VALUES

kTin ∼ 0.90 keV
ℓh/ℓs ∼ 3.56
τp ∼ 1.24
Ω/2π ∼ 0.30
ξ ∼ 1
EKα ∼ 6.22 keV
σKα ∼ 0.82 keV

χ2
red between 2.19

and 1.37
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Cygnus X-1 - Broadband Spectrum

EQPAIR FITS - THERMAL MODEL

Thermal Model:

above 300 keV
strong residuals
present in the
averaged spectrum

χ2
red = 1.65 (324 dof)
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Cygnus X-1 - Broadband Spectrum

EQPAIR FITS - HYBRID MODEL

Hybrid
Thermal / Non-
thermal
Model:

Best fit:
ℓnth/ℓh ∼ 0.67

=⇒ 67% of the
power supplied to
electrons in corona
is in the non-thermal
component

χ2
red = 1.40 (323 dof)
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Cygnus X-1 - Iron Line

CYGNUS X-1

WHY CYGNUS X-1?

Very bright→ measurements with high signal to noise

Broad Fe Kα line

Strong, energy dependent variability

2 main parts of analysis:

BROADBAND CONTINUUM

constrain models for
Comptonizing plasma
(non-thermal Comptonization?)

constrain amount of Compton
reflection

IRON LINE

search for structure of the
Fe Kα line
(relativistic broadening)

determine shape and strength
of the Fe K edge
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Cygnus X-1 - Iron Line

CYGNUS X-1

WHY CYGNUS X-1?

Very bright→ measurements with high signal to noise

Broad Fe Kα line

Strong, energy dependent variability

2 main parts of analysis:

BROADBAND CONTINUUM

INTEGRAL, RXTE

IRON LINE

XMM-Newton
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Cygnus X-1 - Iron Line

CYGNUS X-1

WHY CYGNUS X-1?

Very bright→ measurements with high signal to noise

Broad Fe Kα line

Strong, energy dependent variability

2 main parts of analysis:

BROADBAND CONTINUUM

INTEGRAL, RXTE

IRON LINE

XMM-Newton
PROBLEM:

CYG X-1 TOO BRIGHT FOR XMM!!!
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Cygnus X-1 - Iron Line

THE XMM-Newton MODIFIED TIMING MODE

IMPORTANT TO NOTE

cps limit of EPIC-pn timing mode due to telemetry, NOT due to camera
capabilities!

Therefore:

switch off EPIC-MOS

disregard soft photons
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MODIFIED TIMING MODE:

increase lower energy threshold in EPIC-pn from 200 eV to 2.8 keV
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Cygnus X-1 - Iron Line

THE XMM-Newton MODIFIED TIMING MODE

IMPORTANT TO NOTE

cps limit of EPIC-pn timing mode due to telemetry, NOT due to camera
capabilities!

Therefore:
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MODIFIED TIMING MODE:

increase lower energy threshold in EPIC-pn from 200 eV to 2.8 keV
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Cygnus X-1 - Iron Line

XMM-Newton SPECTRUM
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obs 2 Power-law fit (Γ = 1.89):
strong residuals in Fe Kα
region
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Cygnus X-1 - Iron Line

XMM-Newton SPECTRUM
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obs 2 Power-law fit (Γ = 1.89):
strong residuals in Fe Kα
region

adding narrow line
(E = 6.52 keV, σ = 50 eV):
still strong residuals in Fe Kα
region
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Cygnus X-1 - Iron Line

XMM-Newton SPECTRUM
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obs 2 Power-law fit (Γ = 1.89):
strong residuals in Fe Kα
region

adding narrow line
(E = 6.52 keV, σ = 50 eV):
still strong residuals in Fe Kα
region

adding relativistic line
(E = 5.88 keV, emissivity
∝ r−2.8):
fit improves significantly
(χ2

red = 1.8)

S. Fritz (IAAT) Multi-Instrument Study of Cyg X-1 “Five years of INTEGRAL”



Cygnus X-1 - Iron Line

CHANDRA - XMM COMPARISON

Chandra (Miller et al., 2002)

EKα,narrow = 6.42 keV
EKα,broad = 5.85+0.01

−0.01 keV
EWKα,broad = 60 eV

Rin = 7+6
−1 Rg

i = 40+10
−10 deg

XMM

obs 2
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EKα,narrow = 6.52+0.03
−0.02 keV

EKα,broad = 5.88+0.08
−0.12 keV

EWKα,broad = 226 eV
Rin = 8+1

−2 Rg

i = 90+0
−19 deg
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Cygnus X-1 - Iron Line

CHANDRA - XMM COMPARISON

Chandra (Miller et al., 2002)

EKα,narrow = 6.42 keV
EKα,broad = 5.85+0.01

−0.01 keV
EWKα,broad = 60 eV

Rin = 7+6
−1 Rg

i = 40+10
−10 deg

XMM - fixed inclination

obs 2
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EKα,narrow = 6.51+0.03
−0.02 keV

EKα,broad = 6.81+0.06
−0.04 keV

EWKα,broad = 123 eV
Rin = 16+6

−3 Rg

i = 45 deg (fixed)
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Cygnus X-1 - Iron Line

XMM LIGHTCURVES
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Cygnus X-1 - Iron Line

XMM LIGHTCURVES
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Cygnus X-1 - Iron Line

FLUX VARIABILITY OF THE IRON LINE

level 4
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−0.08 keV
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−0.05 keV
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−0.04 keV

E = 6.01+0.07
−0.04 keV

EW=246 eV

EW=191 eV

EW=218 eV

EW=205 eV
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Cygnus X-1 - Iron Line

FLUX VARIABILITY OF THE IRON LINE
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Summary and Outlook

SUMMARY

BROADBAND CONTINUUM

Cyg X-1 was in the
Intermediate State

good agreement with
previous results

67% of power supplied to
electrons in corona in
non-thermal component

IRON LINE

confirmation of relativistically
broadened Iron Line

broad line most likely from
ionized Fe

Fe Kα line shows strong
variability during the
observations
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