e \What are BHC?, 1V|

o Bk
© onN
\Hi

17 Aug 1998

In binary system: Determine mass
of compact object using Kepler's 3

o P
© o
E

M Law
18 Aug 1998 a3 G(M; + M)

o Bk
© ol
é

Wﬂ’m P2 472
bf 19 Aug 1998 |

(a: semi-major axis, P: period,

Normalized Flux
-
N

B ot
©
TTTT

M 5: Masses).

o B P
® o N
%

21 Aug 1998 7| MF =

Derive from this the mass function
M3 sin®i _ K%P

o
® o
‘ %

~ 22 Aug 1998 E

(14 (My/My))? — 2rnG

MF is lower mass for M.

4840.0 4850.0 4860.0 4870.0
Wavelength [A]

Motion of the H/3 line in HDE 226868/Cyg X-1

(Pottschmidt, Wilms)

-
Black Hole Binaries

\_

e \What are BHC?, |1}

Stars end their life as one of three kinds of different compact objects:

White Dwarf : p ~ 10°...10°gcm 3, R ~ Rg, Equilibrium between gravitation
and pressure from degenerate electrons, M < 1.44 M,
(Chandrasekhar-limit).

Neutron Star : p ~ 102 ...10*gem~3, R ~ 10km, this density causes inv.
(-decay (p + e~ — n), i.e., star consists (mainly) of neutrons.
1.44 M, < M < 3 M, (Oppenheimer-Volkoff limit).

Black Hole : For M 2 3 My, no stable configuration known
= Star collapses completely
= Black Hole
Size scale: Rs = 2GM/c¢? = 3(M /M) km
H If mass of compact object M > 3 M,,: Black Hole Candidate H

-

48800 (K2 : velocity amplitude)

~

\What are BHC?, V]

B e o
*T

TL

GRO J0422+32

0 0
<WnCWL,

B1913+16¢C
B2127+11C
B2127+11Cc

T
B2303+46¢C
J1518+4904
J1518+4904¢
B1855+09

5 10 15
Mass (solar Masses)

\after Orosz (2004, priv. comm.)

e 1971: First BHC (Cyg X-1)

e 1983: LMC X-3

e Currently 20 dynamically
confirmed Galactic Black Holes

Statistics:
e 3 High Mass X-ray Binaries
e Low Mass X-ray Binary BHC:
mainly transient sources
e Masses < 20 Mg,
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Jet
What we want to learn:
1. What does the accretion region look like:
Corona “accretion geometry”
P \// g y
ﬁ @ 2. What are the physical processes

responsible for the broad-band emission?

3. Is there evidence for GR effects?

Active Galactic Nuclei and BHC have similar geometry = study similar
physical processes!

X-rays produced close to event horizon, observations give one of the few
constraints to study physics in the strong gravitational field limit.

Phenomenology

e 'Spectral States}
- X-ray States:
° LX Z 0.05 LEdd:
soft state/high state:
L — thermally dominated
>
1-‘0 10 — low variability (few
e percent rms)
=
s o Ly S 0.05 Lgqq:
10 hard state/low state:
— power law spectrum,
— high variability (few 10
10 ‘ e ‘ percent rms)
3 5 10 20
Energy [keV]
\(LMC X-3; Wilms et al., @)
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'Hard State: Comptonization|

Frame of rest of electron: Photon’s energy change due to Compton scattering:

E £

— ,for E < mec?:

1+ -L£5(1 — cosf)

Mec?

Sunyaev & Triimper (1979): power
law continuum caused by
Comptonization

AE
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If electron not at rest: energy transfer onto photon possible.

For thermal electrons:

AE 4kT. - E
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Computation of spectrum either through solution of Kompaneets equation or

directly through Monte Carlo simulation
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Black Hole X-Ray Spectrum:

e Comptonization of soft X-rays from
accretion disk in hot corona (' ~ 108 K):
power law continuum.

e Thomson scattering of power law photons in
disk: Compton Reflection Hump

e Photoabsorption of power law photons in
disk: fluorescent Fe Ko Line at ~6.4 keV

Phenomenology
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e |Broad Band Spectrum, I1} ~N

Fit of Comptonization model
to RXTE/INTEGRAL.

keV (keV em? st keV™)

kTmax = 1.21keV,
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e emissivity profile
e spin of black hole
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élol XMM-Newton Observation of
S 101k
8 Cyg X-1: Power-law fit to
°
8 FE <5keVand E > 8keV:
= . . .
£ strong residuals in Fe Ka region
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4 6 9 inner 3 CCD columns ignored because
Energy [keV] of pile-up
\_Wilms et al. (2006) J
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o Cvg Xt | 4-9keV spectrum: well
> . .
K explained (Y24 = 1.3) with:
o e Power law
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510 :
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i E = 6.52 +0.02keV,
= o =804 35eV,
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= L .
e relativistic line (Kerr)
: ! ! | . E =6.76 £0.1keV,
18: 3 emissivity oc 43401,
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4 6 9 Chandra intermediate state
Energy [keV] observations (Miller et al., 2002)
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~ Relativistic lines are
~ | XTE J1550-564; o | GRO J1655-40 M seen in many
- # - . WM Galactic Black Holes
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g 4 been studied with such Gallo et al. 62005):

ood coverage and over . .
9 9 Galactic black hole jets

can be comparable in
power to their X-ray
luminosity.

such a wide energy range.

Compare to pre-RXTE: 1-2
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Gallo, Fender & Pooleﬂ (2003): Lyagio o< L?('7 also works for sample of GBHSs,

\_although there is more scatter (and Cyg X-1 does not work at all).
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Cyg X-1: there is a
clear correlation
between radio and
X-rays in 20-100keV.
= Jet is related to
whatever makes
the hard spectral

component

Not surprising, but illustrates the
danger of ignoring pointed
observations and only using
RXTE-ASM.
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20-100 keV RXTE HEXTE flux (10 “%C0S)  (ouaicet al, 2005
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3C 273 &

© GBH NA1275 J . . .
o L+T | Merloni, Heinz & di Matte&

AS:
5 42003 . for scale-invariant
jets (Heinz & Sunyaeyv,
2003), jet properties only

I * QS0
depend on May, M (, and a).
= scatter due to varying
black hole mass
= “the fundamental plane
6<Log M<7 of black holes” between
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0.60 log Ly + 0.78 log M 2004) for similar results

H 10g Lyadio = (0.60 % 0.11) log Ly + (0.78791L) log Mgy, + 7.3374.5 H
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e But note: while
L 7 generally
SA s
oL @ @/ CD__ Fragio F)?j,
~ ¢ 3 normalization
2 F A 4% 0
E r o & ] constant can change
W e 4 between outbursts of
S A @ .
B - s H the same object!
E F 7 7 ]
- P ]
o [ A . p s 1 in addition, there are four
© L '% $ , ] more hard state BHC that are
© P 7 also underluminous in the
S E %k s o radio wrt. to the correlation,
£ P 4 ] seelGallo (2007), see also
,_Al& s 1 Xue & Cui (2007).
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