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A jet model for Galactic black-hole X-ray binaries will begsented that appears to explain sev-
eral observational characteristics. In particular, itlakgs the energy spectrum from radio to hard
X-rays, the time-lags as a function of Fourier frequenay,ititrease of the variability amplitude
(QPO and high frequency) with increasing photon energy,thadarrowing of the autocorrela-
tion function with increasing photon energy. On the otherdyahere are additional observational
constraints that no model has tried to explain yet. It is ingott that we all try to address these
constraints if we are to make any progress in understandauithole X-ray sources.
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1. Introduction

We will be a little provocative in our contribution, not berse we think that we have the
right answers to outstanding questions regarding blad&-Keray binaries (or even some of the
right answers), but because we want to bring forward andstseme important observational
conclusions (new and old) that most models do not address.

1.1 Observational conclusion 1

Miller et al. (2006) found that an observation of GX 339-4galed an accretion disk ex-
tending to the Inner Stable Circular Orbit (ISCO), when therse was in the low/hard state. The
same is true for Swift J1753.5-0127 (Miller, Homan, and Mitii2006). We understand that the
above conclusion is not universally accepted, as the contralief is that the accretion disk in the
low/hard state is truncated at some inner radius larger t@ahSCO. Nevertheless, it is accepted
by the community that the data allow for such a conclusion.

If this conclusion is correct, then the radio jet that is seethe low/hard state is not associated
with a truncated accretion disk. This then, leads us to sigbat there is no reason to exclude a
jet (weak as it may be) when the source is in the high/sofe statl the accretion disk extends all
the way in to the ISCO.

Even if the above conclusion is proven to be incorrect, wisstjgest that a weak (undetected
up to now) jet may be present when the black-hole X-ray soisrgethe high/soft state. We will
support this idea below.

1.2 Observational conclusion 2

Fourier resolved spectroscopy has shown that the accrdiéris not variable on time scales
characteristic of X-ray variability (i.e. less than abo@01s), at least in three black-hole X-ray
sources: Cyg X-1 (Revnivtsev, Gilfanov, and Churazov 199i#fanov, Churazov, and Revnivtsev
2000; Churazov, Gilfanov, and Revnivtsev 2001), GX 339-duvtsev, Gilfanov, and Churazov
2001), and 4U 1543-47 (Reig et al. 2006).

It is inescapable then, that the observed variability indhdrrays comes from the jet (or
whatever you want to call that thing above and below the &cerelisk, e.g., corona, wind, flares,
etc.).

1.3 Observational conclusion 3

It has been shown by Pottschmidt et al. (2000) that the tags-Bs a function of Fourier
frequency are identical in the low/hard and the high/saitest. Thus, it is natural to assume that
identical mechanisms must be producing the time-lags in tha low/hard and the high/soft states.
This introduces significant constraints to models. In aoijtif the jet introduces the time-lags in
the low/hard state, then a weak jet must be present in théduifjlstate.

2. Jet mod€

For whatever itis worth, the jet model proposed by Reig, Kyland Giannios (2003) explains
the time-lags in a natural way as time delays due to upsoajtef soft photons in the jet.
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To understand how the time-lags can be inversely propatitmFourier frequency, consider
the following simplified picture of the jet (Fig. 1). Let thetjconsist of a series of spheres with
increasing radiR;,. Arrange the densities of the spheres so that a soft phatamtfie source below
(denoted by a * in the Figure) has equal probability to scatteny of the spheres. Let the time
delay due to scattering in the sphere with radubet;. It is well known that Compton scattering
that causes a deldyacts as a filter and cuts off all frequencies higher thdt/t;. In other words,
the larger the Fourier frequency that is observed the snthlietime-lag.

The model of Reig et al. (2003) makes the assumption thatthgity in the jet varies inversely
proportional with height. This ensures that the opticaltdep electron scattering is the same per
decade of height. Thus, if the total optical depth along #teg of order unity, the soft input
photons scatter with equal probability at all heights in jste Thus, all time lags from zero to a
maximum value are sampled by the soft photons, but only &egjes less than the inverse time
lag survive and are observed. A Monte Carlo calculation rReial. 2003) has verified that the
time lags are inversely proportional to Fourier frequency.

Two additional constraints regarding the flattening of tbev@r spectrum at high frequencies
and the narrowing of the autocorrelation function with easing photon energy has also been
explained with the jet model (Giannios, Kylafis, and Ps&l@i4).

Also, for XTE J1118+480, the only source for which we haveudtaneous observations from
radio to hard X-rays, the energy spectrum is reproduceeémmaly well over 10 orders of magnitude
in energy by the jet model (Giannios 2005). It must be stbémze, that the energy spectra and
the time variability are explained with the same values efglarameters of the model.

3. What next?

We are of the opinion that hardly any model in Astrophysicensirely correct! Thus, we
think that all models should be pushed to their limits. Soseent observational facts place very
stringent constraints on all models.
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Pottschmidt et al. (2003) have fitted the power spectra of)XGigover a period ofour years)
with four broad Lorentzians with peak frequencigs v, v3, andvj.

3.1 Unexplained observational fact 1

The ratios of the peak frequencies of the above four Lorantzare constant with time (see
Fig. 5 of Pottschmidt et al. 2003). This means that the fouehtzians "talk" to each other.

3.2 Unexplained observational fact 2

In Fig. 7a of Pottschmidt et al. (2003), one can see that teeage time lags (in the 3.2 - 10
Hz range) are correlated with the peak frequeneigs,, andvs.

Similar correlations (Fig. 7b) have been found between theep-law spectral indek and
the peak frequenciasg, v,, andvs.

It is not surprising then thdt is correlated (Fig. 7c) with the average time lags (in the-3.@
Hz range).

4. Summary

In our opinion, the jet in black-hole X-ray binaries is nahgly an ornament. It appears to be
responsible not only for a large part of the energy spectmaaiq, optical, hard X-rays), but also
for the observed time variability.

The three broad Lorentzians in the power spectrum with pesjuéncies/,, vo, andvs seem
to be produced by one mechanism (since their ratios areamhstnd they "communicate" with
the power-law spectral inddx In other words, each observed valud ah Cyg X-1 is associated
with specific values of the peak frequencigs v, andvs.

With such stringent constraints, life will be difficult foradelers, but no progress in our un-
derstanding will be made unless we address all the obsenztiacts simultaneously. Addressing
only the spectra or only the time lags or only some obsematitacts will not lead us anywhere.
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