Reverberation mapping

Reverberation mapping techniques (see Figure 1) have been
successfully applied to optical AGN spectra to produce radial density
profiles and black hole mass estimates (Peterson 1997). Infrared
spectra, however, remain a largely untapped resource due to the
longer exposure times required for adequate resolution. By using the

photoionisation code, Cloudy (last described by Ferland et al. 2013)

and by comparison to
previous work (see Korista ime delay,'
R N

and Goad (2000), hereafter

KGO0O) we demonstrate

that these techniques can Fluctuation in
Broad Emission
Line Region (BELR)

Fluctuation in
continuum

be successfully applied to
IR spectra.

Figure 1: A basic model for reverberation mapping

Modelling with Cloudy

The BELR was modelled as a series of
clouds extending radially from the
accretion disk. The simulation ran a 15 x
15 grid of number density (7 < log ncm
< 14) versus incident ionising flux (14 <

log ¢, £ 24 cm™ st), both incremented
in 0.5 decade intervals.
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Figure 2: The LOC model and Cloudy

We tracked the emission of four spectral lines: Carbon IV (1549 A),

Hydrogen B (6562 A) and IR lines Paschen a (1.875 um) and Brackett
(2.624 pm). In current models, hydrogen

lines originate in Locally Optimally-
emitting Clouds (LOCs) undergoing
Keplerian rotation, whilst CIV lines are
produced from within an outflow
(Korista et al. 1995, Done & Krolik, 1996).
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Figure 3: Cloudy input grid and output

Results and analysis
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Figure 4: Absolute emissivity for four spectral lines: Hydrogen B (Hb), Carbon IV
(CIV), Paschen a (Pa) and Brackett  (Brb)
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Adapted from Urry & Padovani (1995)

Equivalent width is a measure of total energy emitted by the spectral line and
therefore also of the continuum processing efficiency (KG0O). We take the same
approach as KGO0O, assuming a spherically symmetric cloud covering fraction
distribution such that the equivalent widths are proportional to the line luminosity
distribution - i.e., emissions were not concentrated at larger radii or lower gas

densities. A spherically symmetric distribution where @ o< L/r?.

The plots of radial emissivity are very similar to those presented in KGOO, particularly
for CIV which is expected to represent an AGN outflowing wind. The three hydrogen
lines demonstrate similar behaviour to the Lya line presented in KGOO. This is likely due
to the similar geometrical space from which they originate - i.e. within small-radius
Keplerian rotating clouds rather than from the outflow.
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Figure 5: Radial emissivity for Brackett B (Brb) and Paschen a (Pa) with respect to Hydrogen 3 (Hb).

The three hydrogen lines have similar radial surface flux behaviour
(see figure 6). The radial surface fluxes from CIV clouds is higher
than for the hydrogen lines and these lines are produced over a
smaller range of incident ionising flux (and therefore radial) values
than for CIV. Figure 7 demonstrates that the responsivity of both

the hydrogen and CIV lines are anti-correlated with incident ionising
flux in the outer regions of the BLR.
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Figure 7: Radial surface responsivity as a
function of radius

Conclusions and future work

Our results are generally alighed with those of KGOO, although we
use the AGN SED within Cloudy rather than the specialised,
spectrally harder, SED used by KGOO to match their observational
source. We have demonstrated that IR spectral lines are good
candidates for investigating the BELR (in terms of density and flux

distribution) via reverberation mapping despite the long
observation hours required for IR spectra.

Figure 6: Surface flux

Future work includes:
 |ncreasing the number of emission lines tracked and

constructing reverberation mapping light curves for these lines
e Making IR reverberation observations and fitting these to

models to obtain physical parameters of BELR — towards a
geometrical model of the BELR
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