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Fig. 7 Time-lapse eclipse mapping of the dwarf nova EX Dra along its outburst cycle. Left-hand
panels: Data (dots) and model (solid line) light curves in (a) quiescent, (b) early rise, (c) late rise,
(d) outburst maximum, (e) early decline, and (f) late decline stages. Vertical dotted lines mark
ingress/egress phases of disc centre. Middle panels: eclipse maps in a false colour blackbody loga-
rithmic grayscale. The notation is similar to that of Fig. 2. The numbers in parenthesis indicate the
time (in days) elapsed since outburst onset. Right-hand panels: azimuthal-averaged radial bright-
ness temperature distributions for the eclipse maps in the middle panels. Dashed lines show the 1-σ
limit on the average temperature for a given radius. A dotted vertical line depicts the radial position
of the bright spot in quiescence; vertical ticks mark the position of the outer edge of the disc (red)
and the radial position at which the disc temperature falls below 11000K (blue). Steady-state disc
models for mass accretion rates of log Ṁ=−8.0 and −9.0M" yr−1 are plotted as dotted lines for
comparison. Numbers in parenthesis list the integrated disc luminosity. From [7].
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Swift J1753.5-0127 as a Z Cam analogue 13
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Figure 8. Broadband SED, during one epoch of the standstill period of SwiftJ1753.5-0127 (April 4-5, 2014; 56751-56752), fit with the
irradiated disc model with a temperature distribution T / R

�n characterized by n = 1/2 (left), n = 3/7 (middle), and a non-irradiated disc
model with a temperature distribution characterized by n = 3/4 (right). All data are simultaneous or quasi-simultaneous (within 1 day)
with the exception of K-band which was taken two days prior. All data have been dereddened. The solid cyan line and shaded regions
represent the best-fit and 1� confidence intervals from the MCMC fitting algorithm, respectively. Only the UVOIR data (red) are fit.
X-ray (Swift/XRT; purple) and radio (VLA and AMI; yellow) are also plotted to show the multi-wavelength behaviour of the source.

attempt to fit the data (see Fig. 4) with both a pure linear-
shaped decay profile and an exponential+linear shaped de-
cay profile.

In the context of the DIM+irradiation, if the decay is
truly only linear, this would imply that the heating front
never reached the outer disc. In the standard DIM, an
“inside-out” heating front can stall somewhat easily (Dubus
et al. 2001), leading to short, low-amplitude outbursts that
take place in the innermost regions of the disc. This is be-
cause the critical density needed to raise a ring of accreting
matter to the hot, ionized state increases with radius. So,
if the outward moving heating front is unable to raise the
density above this critical value, the outburst stalls and a
cooling front will develop. In the DIM+irradiation, irradi-
ation heating will reduce the critical density, allowing the
heating front to reach larger radii. However, this assumes
that the irradiating flux is seen by the entire disc, i.e. there
is no self-screening of the central X-ray source by the inner
disc (Dubus et al. 2001).

This assumption is unlikely to be true in J1753. The
estimates of Cirr < 4.2 ⇥ 10

�2 (pure linear decay) and Cirr =

(2.2+3.3
�1.5

) ⇥ 10
�2 (exponential+linear decay), from the X-ray

light curves fitting, are a factor ⇠ 5 higher than the stan-
dard value of Cirr,expected ⇠ 5⇥10

�3, yet still compatible with
the stability limits between transient and persistent LMXBs
(Coriat et al. 2012). If the irradiation source in J1753 is
large, causing X-rays to encroach on the disc vertically (e.g.
via a hot, inner corona flow), this could result in an inter-
cepted fraction that is high. This, combined with the low
peak flux and short duration of the mini-outburst, leads us
to favour the exponential+linear shaped decay in the X-
ray light curve, which supports the scenario, implied by the
UVOIR SED behaviour (see Section 5.3.3 below), of a fully-
irradiated, truncated disc, heated by a source of irradiating
X-rays produced in a corona above the disc.

5.3.3 UVOIR SED Fitting

We have also fit the UVOIR SEDs, made up of
simultaneous/quasi-simultaneous data obtained during six
individual epochs of the first mini-outburst. See Fig. A1 and
Table 1. Figs 2 and 3 show the evolution of Tout in the outer

disc throughout the course of the mini-outburst for the ir-
radiated and non-irradiated cases, respectively.

In the irradiated cases, our UVOIR SED fits imply that,
overall, the outer disc cools as the source heads toward qui-
escence (prior to the second mini-outburst). According to
the predictions of the DIM+irradiation, when Tout < 10

4 K,
the temperature at which hydrogen ionizes, a cooling front
propagates through the disc, resulting in the source flux de-
clining towards quiescence. This behaviour is echoed in Fig.
2. In conjunction with this cooling, we also note an upward
trend in Ndisc (and by extension Rin; Table 1), indicating that
the inner disc recedes from the BH as the mini-outburst pro-
gresses. The simultaneous decrease of Tin is consistent with
this recession, indicating that the inner edge of the disc cools
as it moves further away from the BH.

Interestingly, we observe a strong increase in Ndisc in the
last two epochs, indicating that there must also be a strong
increase in Rin (see Table 1). Working under the assump-
tion that Rout doesn’t change much over the mini-outburst,
this observation is compatible with the decrease observed in
log10(Rout/Rin), and suggests that Rin increased by a factor
4-8 (depending upon the choice of n, see Table 1) in ⇠ 2 days.
This large change seems to coincide with the drop in optical
magnitude prior to the second mini outburst (see Fig. 1).

Although the overall trend is one of a cooling disc as
J1753 heads toward quiescence, in epoch 5 there is an ap-
parent increase in Tout with respect to epoch 4. In epoch 6,
Tout returns to a level consistent with epoch 4, as the cooling
continues. Interestingly, the SED of J1753 at epoch 5 (Fig.
A1) shows evidence of a significant excess (with respect to
the best-fit model) in the UV bands. In various dwarf novae,
a similar UV excess is observed (see e.g., Smak 1999, 2000;
Hameury et al. 2000). This excess is attributed to brighten-
ing of the hot spot, where the mass transfer stream interacts
with the outer disc, as a result of mass transfer variations
from the companion. This is unlikely to be the case in J1753,
as the irradiated disc would likely dominate over hot spot
emission in the UV bands.

From the SED fits, we derive an integrated irradiated
disc flux of Fdisc & FX,bol in all epochs, implying an un-
physical Cirr > 1. While this suggests that the data are not
consistent with an irradiated disc, it is more likely that we
are just overestimating Fdisc, as we discuss below.
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