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Figure 11. Zoom-in on (left) the residual X-ray image presented in Fig. 2 and (right) the temperature map to highlight the temperature features associated
with the western large cavity, which we highlight with a dashed line in both figures. The FOV of both panels is identical. The green and black arcs trace the
‘hot arc’ feature previously described in the temperature map. In the temperature map we draw arrows that illustrate our working interpretation for the ‘hot
arc’ feature. In this interpretation, the keV gas displaced by the buoyant rise of the M01 ghost cavity rushes inwards to refill the resulting wake, thermalizing
cavity enthalpy by heating the ambient gas >1 keV above its ambient surroundings.

thermalization occurs directly behind and on the same general scales
as the bubble.

As seen in Fig. 11, the hot arc borders the inner edge of the west-
ern cavity, so its shape and location are consistent with the above
scenario in which the gas in the arc has been heated during the
buoyant passage of the bubble. We can make two simple estimates
to determine whether this makes sense in the context of available
energy budgets. We first roughly estimate the total enthalpy H asso-
ciated with the western cavity, which is the sum of the p ×dV work
associated with inflation and the thermal energy E of the cavity’s
contents:

H = E + pV = �
� − 1

pV , (3)

where V is the cavity volume and p is the pressure of the radio
lobe which displaced the thermal gas. Depending on its contents,
cavity enthalpy is in the range of 2pV –4pV . Using this, we estimate
the enthalpy associated with the western large cavity to be ∼7 ×
1058 erg, which is a rough limit on the energy reservoir that is (in
principle) available to eventually heat the ICM over some unknown
time-scale (that is probably limited by the cavity lifetime).

As we did for the cold filament, we can use equation (2) to
estimate the change in gravitational potential energy associated
with displacement of the hot arc gas. Using the same (very rough)
estimation strategy as before, we assume that the mass of gas making
up the hot arc is in the range of 107–109 M� and that the density
gradient and sound speed is the same as it was for the cold filament
(the two features are roughly at similar radial distances). In this case,
the gravitational potential energy change is in the range of 1056 �

E � 1058 erg, of the order of what it was for the cold filament. If we
assume that this energy heats the gas, the corresponding temperature
change can be simply approximated with 
E = (3/2)Nk
T , where
N is the number of particles. In estimating N, we use the electron
density profile obtained in Section 3 and assume that the volume of
the hot arc can be approximated by a spherical cap shape between
1 and 30 per cent the volume of the western large cavity. We find

that, in principle, there is roughly enough energy to raise the local
temperature of the hot arc by ∼1 keV, which is what is observed in
the temperature map.

Obviously, there are extremely uncertain assumptions behind this
estimate, so this is only useful as an order-of-magnitude consider-
ation. In principle, the hot arc would tap a fraction of the instan-
taneous cavity power Pcav of the western large cavity or about
∼1042–1043 erg s−1 (Tremblay et al. 2012). The cooling luminosity
associated with the inferred classical cooling flow is of the order of
3 × 1043 � Lcool � 1044 erg s−1, so the hot arc could theoretically
be associated with a significantly large fraction of ICM radiative
losses. If real, this feature could be one of the first known observa-
tional signatures of the AGN cavity heating model invoked at late
epochs to quench cooling flows (McNamara & Nulsen 2007).

If we assume that the arc is real and the interpretation is correct,
then why is A2597 the only known cluster with a hot arc? There are
numerous deep Chandra observations of X-ray cavities in CC clus-
ters with published temperature maps (including maps with many
more counts per square pc than ours), and no such feature has ever
been reported before. Shocks and cold fronts can have similar mor-
phologies as the hot arc, but our results are inconsistent in both
orientation and spectral characteristics with these more commonly
observed phenomena. If the hot arc were a shock associated with
the radio source, for example, we might expect the feature to be at the
outer edge of the radio bubble with a concave-inward shape. There
could be serendipity associated with detection of this feature. If we
assume that all buoyantly rising X-ray cavities produce hot arcs in
their wakes, their detectability would likely require (1) sufficiently
deep X-ray observations; (2) X-ray spectral maps made with spatial
bins that are individually smaller than the cavity; and (3) a large,
� 10 kpc cavity that is buoyantly rising in roughly the plane of the
sky. The last requirement seems necessary to recover the arc shape
and concave-outward orientation. All of these detectability require-
ments are further dependent upon the unknown lifetime of such
a temperature feature, especially if it is short-lived. One possible
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explanation for why we do not see hot arcs associated with other
cavities is that the locally heated gas mixes with the ambient colder
gas or cools very quickly. The lifetime of an arc would strongly
depend on the unknown role played by gas motions and/or thermal
conduction.

7 SU M M A RY

The primary results of this paper can be summarized as follows.

(i) New Chandra X-ray observations of A2597 reveal a highly
anisotropic surface brightness distribution, permeated by a network
of X-ray cavities that is more extensive than previously known. The
largest cavity is cospatial with extended 330-MHz radio emission.

(ii) A ∼15-kpc soft excess X-ray filament is found along the
same position angle as the cavity/radio axis, and is partly cospatial
with a hook of extended 1.3-GHz radio emission. Among several
possible scenarios, we discuss multiwavelength evidence suggest-
ing that the filament could be associated with the dredge-up of
multiphase (103–107 K) gas by the propagating radio source. Al-
though other interpretations are possible, we note that this model
would be one of the most dramatic known examples of such an
interaction.

(iii) X-ray spectral maps reveal an arc of hot, high entropy gas
bordering the inner edge of the largest X-ray cavity. We suggest that
if the feature is not an artefact, it could be (1) due to an uplifted rim
of cold gas from the core, pushed outwards by the radio bubble; or
(2) associated with cavity heating models invoked to quench cooling
flows within the radio-mode AGN feedback interaction region.

Deeper radio data will be needed to study multiphase gas en-
trainment along the filament, and deeper X-ray data are needed to
further understand the significance and implications of the hot arc.
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Böhringer H., Voges W., Fabian A. C., Edge A. C., Neumann D. M., 1993,
MNRAS, 264, L25

Cavagnolo K. W., Donahue M., Voit G. M., Sun M., 2009, ApJS, 182, 12
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