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We presert data from a Chandra obsenation of the nearby cluster of galaxiesAbell
576. The core of the cluster shows a signi cant departure from dynamical equilib-
rium. We show that this core gasis most likely the remnant of a merging subcluster,
which has been stripped of much of its gas, depositing a stream of gas behind it
in the main cluster. The unstripped remnant of the subcluster is characterized by
a dierent temperature, density and metalicity than that of the surrounding main
cluster, suggestingits distinct origin. Continual dissipation of the kinetic energy of
this minor merger may be su cien t to cournteract most cooling in the main cluster

over the lifetime of the merger even.

1. Intro duction

With its low redshift, Abell 576 makes excellert use
of the capabilities of Chandra, allowing us to examine
in detail the very core of the cluster. We focus here
on the dynamical activity in the core of cluster. The
cluster shows strong evidence, rst suggestedby Mohr
et al. (1996) from an analysis of the galaxy population,
of the remnant core of a small merged subcluster. We
demonstratethat the X-ray data are consistert with this
picture, and even suggestit asthe most likely origin for
the non-equilibrium gas at the certer of Abell 576. In
fact, the subcluster may still be in the processof settling
into the certer of the main cluster's potential.

We present 27.9 kilosecondsof Chandra ACIS-S data
(OBSID 3289). The data have been corrected for CTI
and the particle badkground reducedusing the standard
procedure for data taken in Very Faint mode. Back-
ground corrections were performed using blank sky les
provided in the CALDB. For the spectroscopicanalysis
we consideredonly data in the range 0.5{8 keV. The arfs
were correctedfor the reduction in quantum e ciency at
low energiesusing the acisabsmodel.

We assumeHq = 71, ., = 0:27, and = 0:73, so
190= 0:738 kpc at the redshift of A576 (z = 0:0377).
All errors are quoted at 90% con dence unlessotherwise
stated.

2. Brigh tness Edges

Figure 1 shows a Gaussian smoothed, exposure-
correctedimage of the cluster. At leasttwo, and perhaps
more, surfacebrightnessedgesare visible within the cen-
tral 50 kpc. As shown below, they encompassa region
of cool, high-metalicity gas. This cool gas also extends
in a nger to the north of the cluster core, slightly west
of center. As we will discussin the remainder of this
section, we believe this nger of gasto have originated
in a small subcluster which is currently accreting into
the certer of the main cluster. The orientation of the
edgesare not consistert with gas simply sloshing badk
and forth in a more or less xed potential, which would
create parallel edges,but are more consistert with being
the outer edgesof a wake of stripp ed gasleft behind by a
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Fig. 1.] Gaussian smoothed, exposure-corrected, 0.3{6.0 keV
image of Abell 576. Both the S2 and S3 chips are shown. The
north and southeast surface brightness edges are clearly visible;
the west edge is less distinct.

merging subcluster. This hypothesisalsoneatly explains
the nger of gasto the north, which cannot be easily
explained by simple sloshing.

We extracted surface brightness and spectral pro les
acrossall three edges. The brightness edge40®north of
the peak of the X-ray emissionshaws by far the largest
jump in surface brightness: a factor of 1:8 0:15(1 )
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Fig. 2.| Surface brightness prole acrossthe north edge. The
solid line outside 30 kpc is a beta model t to the data using the
parameters derived by Mohr et al. (1995) using the full eld of view
of the Einstein IPC. Inside 30 kpc, three models for the surface
brightness jump are shown: the solid line indicates the same beta
model after adjusting for the enhancemert due to both the density
and abundance increasesinside the edge. The abundance only and
density only components are shown as the dashed and dotted lines,
respectively . For the -model, = 0:64 and rc = 169 kpc. The
core radius of the model is indicated as \r " for reference. The
errors bars are 1 .

increaseacrossthe discortinuity (seeFigure 2). A large
jump in the abundanceis also visible acrossthe discon-
tinuity, while the temperature does not change signi -
cantly (seethe red points in Figure 3). At the low tem-
perature of Abell 576,the increasedabundanceacrossthe
edgehas a non-negligible e ect on the emissivity of the
gas. This isillustrated in Figure 2, which shows the sur-
facebrightnesspro le acrossthe north edge. Outside the
brightnessedge,the solid lineisa -model t to the data
using the coreradius and slope determined from obsena-
tions with Einstein (Mohr et al. 1996). Inside the edge,
we use the same -model, but we increasethe emissiv-
ity by an amount expected from ead of three di erent
models: the dotted line indicates the increasedsurface
brightnessdue to the increasein density; the dashedline
indicates the increasedue to the higher abundance,and
the solid line is the increasedbrightnessdue to both ef-
fects. For all three modelswe assumesphericalsymmetry
for consistencywith the deprojection analysis. As the g-
ure demonstrates, neither the added emissivity from the
higher abundance nor that from the increased density
can accourt ertirely for the obsened increasein surface
brightness, but the two e ects combined reproduce the
overall normalization of the certral brightnessquite well.
We deprojected the surface brightness, which, when
combined with the temperature and abundancepro les,
allowedusto determine deprojected density and pressure
pro les acrossthe edge,under the assumption of spheri-
cal symmetry. We nd a small jump in both the density
and the pressureacrossthe north edge. The density in-
creasedy a factor of 2:8'% 8 while the pressureincreases
by afactor of 224 0:5 (both 1 ). In order for the higher
density gasto remain con ned, the pressuredi erence
acrossthe edgemust be balancedby ram pressurefrom
motion of the high density gasthrough the lower density
gas. The obsened pressuredi erence implies that the
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Fig. 3. Spectral proles in three sectors to the north, south-

east, and west from the cluster center. The top set of points are
temp eratures; the bottom set are abundances. All error bars are
90% con dence.

higher density gasis moving through the lower density
gaswith avelocity of 750 270km s !, or Mach 0:9 0:3
at the sound speed of the lower density gas(both errors
are 1 ). The velocity we measureis consistert with ve-
locities of both merging/accreting subclusters measured
in other clusters (e.g. Markevitch et al. 2000) and with
velocities measuredfor some\sloshing” edgesn the cores
of relaxed clusters (Mark evtich 2003). On its own, then,
the measuredvelocity of the north edgeis incapable of
distinguishing between these two scenariosfor the cre-
ation of the non-hydrostatic featuresin the cluster core.

To the southeastof the cluster certer, a fainter edgeis
visible in the image (seeFigure 1). Another yet fainter
edge appearsto the west. Both of these edgesdisplay
the sameabundancegradient asthe north edge,though
in both casesthe abundancejump appearsto be more
of a gradient than a sharp edge, and is measuredwith
much lesssigni cance (seeFigure 3).

3. Suppression of Cooling

As Figure 3 shaws, the temperature drops in the very
core of the cluster, that is, inside the brightness edge.
It is natural to ask, then, if this gasshaws any evidence
of being multi-phase. To test this, we t a spectrum of
the gasin the core with a single-temperature absorbed
MEKAL model (Kaastra 1992), with a MEKAL model
plus a multi-phase MEKAL model (MK CFLOW model),
and with the sum of two MEKAL models. Application
of the F-statistic shows the cooling ow model to be a
marginally better t than the single-phasemodel, and
the two-temperature model to be an even better t, al-
though noneis so much better asto be consideredpre-
ferred over the others.

The spectroscopiccooling rate we measureis quite low:
an order of magnitude smaller than the \classical cooling
ow" accretion rate of M. = M=teq = 11 M yr ! de-
rived from the gasmassand cooling time in the inner 30
kpc (seeFigure 4). We should note that the cool com-
ponert in the two-temperature model only cortributes

0.1% to the overall normalization of the model. This
is consistert with the extremely small cooling rate mea-
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Fig. 4. (a) Heating rate and luminosit y of radiativ e cooling as a function of radius. The exact de nition of the heating rate is given

in the text. The dotted curvesindicate the minim um and maximum allowed rates given the errors on our measurement of the subcluster's

velocity. (b) Integrated cooling rate as a function of radius.

The solid line is the rate in the absence of heating. The dotted lines are

the resulting integrated cooling rate if the kinetic energy of the cool core is dissipated over the given timescales. The dissipated energy is
assumed to heat the gasat a constant rate per volume over the entire region.

sured for the cooling ow model. In short, we nd very
marginal evidenceof multi-phase gasin the certral cool
core.

Given that we obsene essetially no cooling in either
the core or outside the corein what is otherwise a quite
relaxed cluster, we now explore whether the dissipation
of the kinetic energy of the remnant core is capable of
suppressingcooling at the obsened level. We assumefor
this discussionthat the merging subcluster explanation
of the brightnessedgesis correct.

We determined the kinetic energy of the gasinside the
north edge using the velocity of the edgewe measured
above plus a gasmassdetermined from the deprojected
density pro le insidethe edge( 2 10'°©M ). Wethen
calculated the rate of energyinput from the dissipation
of this kinetic energy over a variety of timescales. Fig-
ure 4a shows this energy dissipation rate compared to
the luminosity due to radiativ e cooling as a function of
radius. The timescale used for calculating the heating
rate is three crossingtimes of the cluster to the given
radius at the current velocity of the north edge. In three
crossingtimes, the moving cool core will have swept up
its massin gas, reducing its kinetic energy by 3=4. We
therefore assumeperfectly e cien t thermalization of 3=4

of the kinetic energyover atimescaleequalto three cross-
ing times by the coreat its current velocity in calculating
the heating rate.

If we take the point at which the west and southeast
edgesconvergeasindicativ e of the current orbital radius
of the subcluster ( 100kpc from the cluster certer), the
dissipation timescale derived using the above method is
4 10 years. As can be seenfrom Figure 4b, the heating
simply from the dissipation of the kinetic energy of the
subcluster is capable of suppressingcooling by a factor
of more than 4 in the inner 100 kpc over this timescale.
If the dissipation of the core's kinetic energy is spread
out over 10° years, cooling can still be suppressedat the
level obsened in the inner 30 kpc.
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