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Cygnus X-1

THE CyoNus X-1 SYSTEM

GENERAL
o discovered 1964 during a rocket flight
o distance 2.5 kpc
o orbital period 5.6 days
@ accretion through focused wind

OpticAL CompraNioN HDE 226868

o 09.7lab
o M~ 18 M@ Mass Transfer
L R = 17 R@ J Accretion Disk
Compact OBJECT \[ p—
o M~ 10My Cygnus X-1 HDE 226868
@ Rs ~ 30km
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Observations

THE OBSERVATIONS

Cyg X-1 was observed simultaneously by

o XMM-Newton (total observation time: ~40ksec)
o RXTE (total observation time: ~152ksec)

@ INTEGRAL (total observation time: ~320 ksec)
for 4 times in November / December 2004

2.8-10keV

4keV —1 MeV

ESA

Wilms (1998)

o
The broadband spectrum of Cyg X-1
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THE OBSERVATIONS

Cyg X-1 was observed simultaneously by

o XMM-Newton (total observation time: ~40ksec)
o RXTE (total observation time: ~152 ksec)

o INTEGRAL (total observation time: ~320 ksec)
for 4 times in November / December 2004

2.8-10keV

3-120keV
XMM-Newton

4keV —1MeV
RXTE

INTEGRAL
= one of the best resolved broadband spectra ever obtained
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Aims of the Analysis

WHAT DO WE WANT TO GET OUT OF THE DATA?

2 main parts of analysis:

BRoOADBAND CONTINUUM IroN LINE
@ constrain models for @ search for structure of the
Comptonizing plasma Fe Ka line
— search for / study (relativistic broadening)

effects of non-thermal

o determine shape and
Comptonization

strength of the Fe K edge
@ constrain amount of

Compton reflection

— INTEGRAL, RXTE — XMM-Newton
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Broadband Continuum

@ Broapsanp CONTINUUM

The broadband spectrum of Cyg X-1

& - =

= DAl
Astroteilchenschule, 7th Oct. 2006



Broadband Continuum

How To MODEL THE BROADBAND CONTINUUM

PHENOMENOLOGICAL APPROACH
Modeling the spectrum by a
broken powerlaw with exponential
cutoff

Main fit parameters of the model:
r1s Ebreaks r2! Ecuts Efold

ADDITIONAL TO ALL MODELS

Interstellar absorption
Fe Ka line (modeled as Gaussian)
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Broadband Continuum

How To MODEL THE BROADBAND CONTINUUM

PHENOMENOLOGICAL APPROACH
Modeling the spectrum by a
broken powerlaw with exponential
cutoff

Main fit parameters of the model:
r1s Ebreaks r2! Ecuts Efold

“PraYSICAL” APPROACH

Modeling the spectrum by eqpair
(with seed photons from diskpn,
reflection included)

Main fit parameters of the model:
kTin, th/ls, (Cnth/Ch), Tp, Q/2n, &

ADDITIONAL TO ALL MODELS

Interstellar absorption
Fe Ka line (modeled as Gaussian)

The broadband spectrum of Cyg X-1
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EQPAIR FITS

TYPICAL VALUES
kTin ~ 1.1keV
th/ts ~ 3.1

T, ~ 0.7
Q/2r ~ 0.28
E~0

Ex, ~ 6.3keV
ke ~ 0.7 keV

keV s cm keV"

W‘”»W s *ﬁ ﬂﬁﬂ#ﬁﬂ*

‘ 100 1000
Energy [keV]

X2,4 between 1.73
and 1.19

Fritz et al. (in prep.)
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Broadband Continuum

EQPAIR FITS

TYPICAL VALUES

kTin ~ 1.1keV
th/ts ~ 3.1

T, ~ 0.7
Q/2r ~ 0.28
£ )

Exe ~ 6.3keV
OKa ~ 0.7 keV

X2, between 1.73
and 1.19

Comparison with previous results
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= good agreement with previous results

The broadband

[m] [ =
spectrum of Cyg X-1
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Broadband Continuum

IS THERE A HARD TAIL?

egpair model:

. . . T T T I1TT ‘ T T T T TTITT T T T T TTT
indications for a hard B 102 Cygx-1 |
. x observation 2
tail above ~ 300 keV T
but: rather poor £ 10 .
statistics with SP/in 8
°
H 71 (0] 2| |
|nd|V|dua.I g —~—
observations E ~.
8 107 —
Lt
10 —
| ‘ 1 1 | ‘ 1 LLIEL I
10 20 100 1000
Energy [keV]
Fritz et al. (in prep.)
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Broadband Continuum

IS THERE A HARD TAIL?

egpair model:
indications for a hard
tail above ~ 300 keV
but: rather poor
statistics with SPIin
individual
observations
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— Cyg X-1
ey all
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Fritz et al. (in prep.)
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Broadband Continuum

How TO MODEL A HARD TAIL?

the hot plasma

\Q:: th = tih + Cnin

100
14,=300
10 b A 4
E ~ =200\
~ Pl =
T =
w = = \
K . =50 \
g
5 b M NN -—- T
=
v
X /2 VN, (A
<Ol ey %
W
annihilation \',
line (S
0.01 A\ .
E N
15=10, |, ,4y=10 (constant) SO
0.001 bl vl el vl il
0.01 0.1 1 10 100 1000 104 10°
E (keV)

Coppi (1999)

The broadband spectrum of Cyg X-1

Shape of the Comptonization
spectrum changes according to
energy distribution of the electrons

— Hard tail could be modeled as
non-thermal electron distribution in
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Broadband Continuum

TIME AVERAGED SPECTRA - THERMAL MODEL

%

Thermal Model: é 7

§ 1072 — —
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Fritz et al. (in prep.)
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Broadband Continuum

TIME AVERAGED SPECTRA - HYBRID MODEL

/

Hybrid 'T> T TTTTg T T L N
Thermal/Non-thermal 2 102;\ oot
Model: Ig 100 T 7
: S0 N
Best fit: {nin/th ~ 0.78 3 T
T
£
2

= 78% of the power
supplied to electrons

L —
. el m
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Iron Line

© Iron LiINE

The broadband spectrum of Cyg X-1
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RELATIVISTICALLY BROADENED IRON LINES

A

intensity

line with Dirac
distribution form

=

rast energy

irrtensity

Doppler
Homs

asymmetric
skew line

Gravitational
Fadshift

%

Beaming
observers
frame

-

e

rest energy

Fe Ka line originates from material just a few gravitational radii from the
black hole

= profile is shaped by (relativistic) Doppler shifts and gravitational
redshift effects

The broadband spectrum of Cyg X-1
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XMM-Newton SPECTRUM
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The broadband spectrum of Cyg X-1

best fit with a narrow and a
relativistic line:
o Power law
F=1.90+0.01
@ narrow line
E =6.52 + 0.02keV
oc=280+35eV
equivalent width=14 eV
o relativistic line (Kerr)
E=6.76 £+ 0.1keV
emissivity oc r=4-3+0-1
equivalent width=400 eV

Xoqy = 1.3 (149 dof)

o F = = DA
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XMM-Newton SPECTRUM
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The broadband spectrum of Cyg X-1

best fit with a narrow and a
relativistic line:
o Power law
F=1.90+0.01
@ narrow line
E =6.52 + 0.02keV

natyerinalized

o relativistic line (Kerr)
E=6.76 +0.1keV
emissivity oc r=4-3+0-1
equivalent width=400 eV

Xoqy = 1.3 (149 dof)
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Summary and Outlook

© Summary aND OUTLOOK

The broadband spectrum of Cyg X-1
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Summary and Outlook

SumMMARY AND OUTLOOK

o we got one of the best resolved broadband spectra
o comparison with previous results = good agreement

o Comptonizing plasma is most likely a hybrid thermal/non-thermal
plasma

o confirmation of relativistically broadened Iron Line

Next steps:

= Final calibration of XMM-Newton Modified Timing Mode
— Combination of all 3 instruments to model the whole broadband
spectrum
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OuTLOOK

Summary and Outlook
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