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Light bending and the hard X-ray background spectrum
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We investigate the effect of incorporating general relativistic light bending in AGN tem-
plate spectra for X-ray background (XRB) synthesis. Reflection-dominated spectra are a
characteristic feature of light bending models in which flare heights above the accretion disk
are low. Such spectra are relatively sharp, with peak energies above 30 keV especially at
large inclination angles, thus allowing for better fits to the XRB near its peak. Using ap-
propriate broad-band spectral templates and extrapolating from a 2–10 keV intrinsic AGN
X-ray luminosity function, we provide constraints on the cosmological fraction of AGN in
which light bending can be important. We find that approximately half of all AGN could
easily include some contribution from light bending, while ∼ 10 per cent can be modeled
with reflection-dominated spectra due to rotating black holes. Future hard X-ray missions
that can image such sources as well as confirm the precise spectral shape of the XRB near its
peak will provide further important constraints on the universal prevalence of light bending.

§1. Introduction

Reflection and scattering of X-ray photons on optically-thick media4), 9) are
thought to produce features such as the Fe fluorescence emission lines and the broad
‘Compton hump’ in the spectra of accreting Galactic black holes (BHs) as well as
active galactic nuclei (AGN), allowing the geometry and rotational dynamics of mat-
ter accreting onto the central BH to be probed.2), 7) Miniutti & Fabian3), 8) have
recently shown that incorporation of general relativistic light bending into models
for photon propagation can have dramatic consequences for accreting sources with
peaked central emissivities. If flares occur within the central few gravitational radii
(RG = GMBH/c2) of a BH, then more photons will be bent towards the BH and
be reflected off the accretion disk (or be lost down the event horizon). Suebsuwong
et al.10) have carried out detailed Monte Carlo investigations incorporating light
bending in order to quantify changes in the X-ray spectra of accreting sources, with
the variables being inclination angle, source height, source size (either point-like
or ring-like) and source distance from the rotation axis, assuming the Kerr metric
appropriate for space-time around an extremely rotating BH. They find that reflec-
tion fractions values of ∼ 10 or larger can be attained for low source heights and
large viewing inclination angles. This leads to the question of the importance of
such reflection-dominated sources in a cosmological context. Herein, we present con-
straints on the prevalence of sources dominated by light-bending with various source
flare heights, by fitting the spectrum of the hard X-ray background (XRB).

typeset using PTPTEX.cls 〈Ver.0.9〉



2 Gandhi et al.

§2. X-ray spectra incorporating light-bending

Fig. 1 shows how template AGN spectral energy distributions (SEDs) are modi-
fied by inclusion of light bending. If a flare occurs at a low source height (h, relative
to RG), reflection is dramatically enhanced (left plot) due to more incident photons
bending towards the accretion disk. Furthermore, the spectra are more ‘peaky’, as
shown in the plot on the right, which compares the peak energies and full-widths-at-
half-maximum (FWHM) of spectra with different source heights. The peak energies
are plotted as the locus of filled circles while the lower half-maximum (dotted) and
higher half-maximum (dashed) energies are plotted as the empty circles at each h.

Fig. 1. (Left) Comparison of a pexrav spectrum (black) with angle-averaged light-bending mod-

els10) (with source height as labeled). All spectra assume an incident power-law with Γ = 1.9

and an exponential cut-off Ecut = 360 keV, and have been normalized at 1 keV. (Right) Com-

parison of the peak energies and the widths of spectra with different source heights. The peak

energies are plotted as filled circles while the lower and upper energies corresponding to the full-

width-at-half-maximum are plotted as the dotted and dashed lines with empty circles at each

h, respectively. The equivalent energies for the functional form fit to the XRB6) are marked by

the green (solid, dotted and dashed) lines. The peak energies of Sy 1s (averaged over i = 0−50◦

only) and Sy 2s (over 50− 90◦ only) are shown as the red and blue solid lines.

§3. Fitting the spectrum of the hard X-ray background

We next use these template SEDs in conjunction with a realistic luminosity func-
tion (LF) and evolutionary model of AGN to synthesize the XRB. Since observations
of AGN beyond 10 keV are still restricted to mainly local sources, we extrapolate
from detailed studies over 2–10 keV,11) where the hard spectrum of the XRB is due
to a combination of obscured, as well as unobscured AGN. The 2–10 keV normaliza-
tion required for the LF is determined from the unabsorbed template SEDs of Fig. 1,
and we use a Monte Carlo code5), 12)) in order to obscure these templates.

Fig. 2 shows the result of including light bending, in terms of the final residuals in
the fit to the XRB spectrum. First, the black dot-dashed line shows residuals without
light bending included, and shows clear positive and negative deviations at around 12
keV and 45 keV. Next, if light bending with h = 2 (say) is included in Compton-thick
AGN only (for illustration purposes), the resultant fractional deviations are shown
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by the red dashed line. While the residuals beyond ∼ 30 keV are reduced (due to the
increased peak energy and smaller width of light bending), the adverse effect is that
the residuals near 12 keV are also increased. Therefore, we finally also include super-
solar metallicities (3ZFe

¯ , c.f. Wilman & Fabian 199912)). This shifts the rest-frame
SED peaks towards still higher energies of ∼ 40 − 50 keV. The resultant residuals
are shown by the solid blue line, which clearly shows the minimum overall deviation
with respect to the XRB spectrum.

Fig. 2. Residuals in the fit of the XRB spectrum, with different assumptions for the SEDs of

Compton-thick sources (with logNH = 24− 25).

§4. A realistic mixture of pexrav and light bending SEDs

It is more realistic to expect that light-bending will be present in unobscured,
Compton-thin as well as Compton-thick AGN, irrespective of the amount of obscur-
ing matter located on parsec-scales. So, if it is assumed that a certain fraction f of
all AGN comprises sources with light bending from flares at height h, then what con-
straints can be placed on f? Fig. 3 shows the results of such a model fit to the XRB.
At each column density (logNH = 20− 25), template SEDs include contributions by
pexrav and light-bending sources in the ratio 1− f : f . The allowed combinations
of (f, h) in the figure are tick-marked where the best-fit to the XRB deviates by less
than 10 per cent over 3–100 keV. For this figure, we again assume 3ZFe

¯ .
Only 1 per cent of all AGN may include extreme light bending with h = 2, if the

XRB is not to be over-predicted. In contrast, a significant population (up to ∼ 10
per cent) of all AGN could have a contribution from light bending with flares lying
at h = 5. This is interesting because this flare height requires a non-zero black hole
spin (the Schwarzschild limit of the innermost stable circular orbit being h = 6). Up
to half of all AGN could include a significant contribution from light bending with
h = 10; these sources are consistent with reflection fractions values of 2 or larger,10)

implying that there are excellent prospects of detecting these sources with future
high energy imaging X-ray missions such as NeXT.
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Fig. 3. The allowed fractional contributions (f) of AGN with light bending, assuming different

source heights (h). The allowed combinations of (f, h) are tick-marked where the best-fit to the

XRB deviates by less than 10 per cent over the energy range of 3–100 keV.

§5. Summary

Light bending can produce strongly reflection-dominated spectra for low source/
flare heights in accreting, compact X-ray sources. We find that extrapolating from
the 2–10 keV AGN luminosity function, the spectrum of the XRB allows accom-
modation of a significant population (∼ 10 per cent) of such reflection-dominated
AGN around rotating BHs. If most BHs in the Universe are spinning,1) then these
light bending solutions must be considered seriously. Only the HEAO mission has
provided a tight measurement of the hard XRB over a large sky area so far.6) Future
confirmation of the spectral shape and normalization of the XRB near its peak will
help to further constrain the universal importance of light bending.
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