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Figure 1. X-ray luminosity plotted against 2-folding variability timescale from
Done (2). The diagonal line corresponds to £ = 5 and is based only on the 2 —
10 keV luminosity. If, as is likely, the spectra extend to an MeV, then the line
moves down by about a factor of 5 in luminosity. Pairs are then expected in
most of the sources.

make the accelerator move rapidly or to appeal to rapid variations. In the last
two possibilities, the source may just switch off once it has filled with electrons.

THE REFLECTED COMPONENT

The soft excess emission in AGN, if quasi-thermal, suggests that there is an
optically-thick, cool (T ~ 10° K) accretion disc present in the central engine.
The hard X-rays incident onto such material will be photo-absorbed and elec-
trons scattered, creating a reflection spectrum. At low energies (less than about
5 keV) few X-rays will be scattered back into our line of sight because the pho-
toelectric absorption cross-sections of disc matter are so high. Only above about
10 keV is there a substantial albedo of about 30 per cent. It drops again above
about 100 keV since the Compton effect significantly reduces the energy of back-
scattered photons. For photons between 7.1 and about 9 keV there is a strong
chance of absorption by iron ions, which results in the emission of a fluorescent
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photon at 6.4 keV. The net reflected spectrum is then one of rising flux below
10 keV, with a strong iron line at 6.4 keV, bending over to follow the incident
spectrum between about 30 and 100 keV and falling off at higher energies.

The observer sees a combination of the direct spectrum and the reflected
spectrum. This predicted spectrum (Guilbert [6]; Lightman [7]) has now been
confirmed by observations with the GINGA satellite (Pounds [11]; Matsuoka
[10]), which show the iron line and the beginning of the relection hump above
10 keV. The interesting point here about the multi-component spectrum is that
although the observed energy index is about 0.7, the addition of the flat reflec-
tion spectrum to the direct spectrum means that the direct spectrum must be
steeper than the observed one. The required spectral index is now a = 0.9, not
0.7, and so the pair models are revived (Zdziarski [15]). Indeed, the pair mod-
els discussed above saturate at an energy index of 0.9 to 1 in the case of very
compact sources. The steepening effects of the pair cascade and of Thomson
down-scattering by the cooled pairs (before they annihilate) is masked by the
flat reflection hump.

SUMMARY

At the present time it looks as if electron-positron pairs are important in AGN.
The simple pair models in which an accelerator injects relativistic electrons into
the emission region, which also contains soft photons, perhaps from an accretion
disc, appear to give good spectral agreement with the observations, provided
that there is a also a reflected component. It means that the primary spectrum
produced by the accelerated electrons is almost totally hidden by the radiation
of pairs created in photon-photon collisions and by the reflected continuum.
This is both good news and bad news; good because we may at last be under-
standing the origin of the continuum, bad because it tells us very little about
the accelerator itself.

The accelerator must take electrons to Lorentz factors of 103 or higher very
quickly. Much faster than the cooling time which is presumably much less than
the observed variability time (at least £y times less), and so less than 50s in the
case of NGC 6814. The effects of dead electrons are perhaps minimized if they
are pairs and annihilate. Whether there is any feedback such as pair loading is
not yet clear.

Perhaps we shall learn more about the operation of the central engine,
rather than about radiation from a compact region, when the Gamma-Ray Ob-
servatory is operational and when we begin to understand the rapid variability
common to the sources.
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