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ABSTRACT

A prediction of the galaxy-cluster cooling flow model is that as gas cools from the ambient cluster temperature,
emission lines are produced in gas at subsequently decreasing temperatures. Gas passing through 105.5 K emits in the
lines of O vi kk1032, 1035, and here we report a FUSE study of these lines in three cooling flow clusters, Abell 426,
Abell 1795, and AWM 7. No emission was detected from AWM 7, but O vi is detected from the centers of Abell 426
and Abell 1795, and possibly to the south of the center in Abell 1795, where X-ray and optical emission line filaments
lie. In Abell 426 these line luminosities imply a cooling rate of 32 � 6M� yr�1 within the central r ¼ 6:2 kpc region,
while for Abell 1795 the central cooling rate is 26 � 7M� yr�1 (within r ¼ 22 kpc), and about 42 � 9M� yr�1 in-
cluding the southern pointing. Including other studies, three of six clusters have O vi emission, and they also have star
formation as well as emission lines from 104 K gas. These observations are generally consistent with the cooling flow
model, but at a rate closer to 30 M� yr�1 than to the originally suggested values of 102–10 3 M� yr�1.

Subject headinggs: cooling flows — galaxies: clusters: individual (Abell 426, Abell 1795, AWM 7) —
ultraviolet: galaxies

Online material: color figures

1. INTRODUCTION

Before the launch of XMM-Newton and Chandra, the X-ray
data provided strong support for the model of cooling flows
(Fabian 1994). The X-ray imaging data of galaxy clusters showed
a temperature decrease toward the centers of these systems, typ-
ically by a factor of 2 from the ambient temperature of about 4–
10 keV [(5 12) ; 107 K].Within the inner 100 kpc, the radiative
cooling times for the hot gas is shorter than a Hubble time, lead-
ing to the apparent inevitability that the gas would radiatively
cool to much lower temperatures, and this is the basis of the
cooling flowmodel with cooling rates of 30–1000M� yr�1. How-
ever, the existence of cooling flows has often been questioned
by observers in other wave bands, who find some evidence for
cooled gas and star formation, but at a level far below the rate
inferred from theX-ray data (McNamara&O’Connell 1989, 1993;
Cardiel et al. 1998).

Consequently, it was anticipated that XMM grating spectra
would show strong emission from gas that was well below the
ambient temperature of the medium, representing the substantial
amounts of cooling gas. While the XMM data showed the ex-
pected luminosities of the high ionization lines, such as Fe xxi
to Fe xxiv, the emission from the lines that trace cooler gas were
missing (e.g., Fe xvii, O vii; Peterson et al. 2003). According to
these line ratios, the gas was not obviously cooling below about
2 keV (2:3 ; 107 K). Either some heating mechanism turns on at
2 keV, preventing the gas from cooling further, or the gas con-
tinues to cool but these lines are not produced, due to metal in-
homogeneities, turbulent mixing with cooler gas, or heating by
active galactic nuclei (AGNs; Fabian et al. 2001a).

There is still good evidence for significantly cooler gas (e.g.,
104 K gas in Perseus), whichmay be the end product of the cool-
ing flow (Cowie et al. 1983; Hu et al. 1983, 1985; Ferruit et al.
1997; Conselice et al. 2001). However, unless one can find gas

at temperatures between 104 and 107 K, we have to consider an
alternative picture for the cooler gas, in which it is mass lost
from galaxies (Sparks et al. 1997). A particularly good tracer of
cooling gas is the O vi kk1032, 1038 doublet, because it dom-
inates the radiative cooling functionwhere it is present (�105.5K),
it cannot be produced by photoionization by stars, and it lies
above 912 8, so it is accessible with the Far Ultraviolet Spec-
troscopic Explorer (FUSE ). This line has been detected in Abell
2597 by Oegerle et al. (2001); they report a cooling rate of about
40M� yr�1 within the inner 36 kpc of the cluster. They also report
a nondetection, for Abell 1795, and Lecavelier des Etangs et al.
(2004) report nondetections for Abell 2029 and Abell 3112.
Here we report on FUSE observations of Abell 426 (the Perseus
Cluster), Abell 1795 (off-center observations), and AWM 7, all
clusters that are bright in X-rays and were originally expected to
contain cooling flows. We find evidence for O vi emission from
Perseus and Abell 1795 and discuss the importance of these
observations in light of X-ray and other related observations.
We use a Hubble constant of 70 km s�1 Mpc�1.

2. OBSERVATIONS

All of the FUSE observations were obtained with the large
aperture (3000 square; LWRS) in time-tag mode. The observations
were screened for particle outbursts, with the resulting good data
separated into day and night components. Each individual de-
tector segment for each observation was combined using the
procedure TTAG_COMBINE before applying the CALFUSE
pipeline (originally, version 2.4 was used, but we also tried
version 3.0, which led to no noticeable changes for the spectral
region of interest). For observations obtained during the day, the
background is significantly higher than for observations taken
at night. The background is composed of a combination of dis-
crete airglow lines (e.g., fromLy�, O i, N2) plus a diffuse scattered
component. For the data taken during the day, this background is
often stronger than the weak signals that we seek, so we usually
used the data obtained during nighttime (discussed separately for
each of our targets). For the Perseus Cluster and AWM 7, the
redshifted O vi doublet falls near 1050 8, and in this region the
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channel with the highest signal-to-noise ratio (S/N) is the LiF1a.
As the addition of other channels reduces the S/N, we discuss
only the LiF1a data for these clusters. For Abell 1795, the O vi

line is shifted into the 1095–10988 region, where the only use-
ful detector is the LiF2a channel. For purposes of displaying the
data, the spectra are binned and smoothed, although for the ex-
traction of line fluxes, the unsmoothed data were used.

2.1. Abell 426 (Perseus Cluster)

This is one of the most frequently observed clusters, and it
was one of the most compelling cases for cooling flows, as it
showed an X-ray surface brightness distribution with a sharply
peaked diffuse emission, extensive filaments from 104 K gas, and
ongoing star formation (Norgaard-Nielsen et al. 1990;McNamara
et al. 1996; Sanders et al. 2004). It also hosts an AGNwith strong
extended radio emission (3C 84), and the central object has been
listed as a Seyfert 1.5 galaxy as well as a BL Lac type object. In
addition to the central dominant galaxy, NGC 1275, at a redshift
of 5264 km s�1, there is a higher velocity gaseous component at
about 8200 km s�1 (first noted by Minkowski 1955), which
contains warm ionized gas, neutral gas, andmolecular gas (Jaffe
1990; Donahue et al. 2000; Krabbe et al. 2000). The emission-
line gas is seen over a 60 diameter region, which is similar in size
to the cooling radius of theX-ray emission (Conselice et al. 2001).
Consequently, only a fraction of the cooling gas may be contained
in the LWRS (3000 square centered on NGC 1275; Fig. 1), so we
may be missing a considerable amount of cooling gas, although
this pointing contains the brightest H� -emitting gas and X-ray-
emitting gas. The data were taken 2002 October 16, with a total
exposure time of 29.1 ks, of which 13.0 ks is night data, used in
our analysis. The processing of the background by CALFUSE
seems to have led to an oversubtraction of the background, as
molecular hydrogen absorption against the continuum of NGC
1275 often falls below zero.

Several emission lines are detected, including Ly� and both
O vi lines near the redshift of NGC 1275 (Fig. 2). The analysis
of these lines is complicated by a variety of absorption lines,
mostly from the Galaxy but also frommaterial within the Perseus
Cluster. From theMilkyWay, we see strong absorption lines from
H2, in addition to the usual atomic lines, but this is to be expected
given the lowGalactic latitude and high extinction in this direction
(AB ¼ 0:70 mag; Schlegel et al. 1998). This absorption affects
the strong O vi k1032 line, which is absorbed on its blue and red
sides by Galactic H2. In addition, there is absorption due to H2

from the higher redshift system in Perseus (8200 km s�1), but
this is to be expected as molecular gas was previously known to
exist at this velocity (Jaffe 1990). Fortunately, no strong absorp-
tion features occur near the weaker O vi line, so we are able to ob-
tain a line flux. For the O vi k1038 line, the flux is (2:9 � 0:4) ;
10�15 ergs cm�2 s�1, the line center is at 1055:9 � 0:1 8, and
the width is 0:7 � 0:2 8 (FWHM). For the continuum, we used
two choices that led to similar results: a constant defined by the
flux to the red side of the line where absorption is not signifi-
cant (1056.5–1062 8), and an unabsorbed stellar continuum (a
smoothed version of NGC 1399) that was fit through the 1040–
1062 8 region. There is an uncertainty associated with fitting the
continuum, which is the main source of the error in the line
strength. For the 10328 line, the continuum fit was made using
the local values on either side of the line, and this led to a flux of
2:9 ;10�15 ergs cm�2 s�1. It is difficult to assign an uncertainty
to this line due to the very significant Galactic H2 absorption
that is present. Not only does the H2 absorb the line flux; it makes
it difficult to define the continuum. Different choices of contin-
uum can lead to changes of 50% in the line flux,much greater than
the uncertainties due to photon statistics, which would lead to a
10% uncertainty. Consequently, we regard the stated line flux as
a lower limit. Because of the difficulties in correcting the strong
line for absorption in a reliable manner, we use the line ratio (of
2:1) and the strength of the k1038 line to infer the strength of the
stronger line to be about (5:8 � 0:9) ; 10�15 ergs cm�2 s�1.

Fig. 1.—FUSE LWRS aperture superposed on the H� image of Conselice
et al. (2001), showing the low-velocity emission (5200 km s�1) along with the
continuum of NGC 1275 in Abell 426. The FUSE aperture only includes part of
the extensive optical emission line gas.

Fig. 2.—FUSE spectrum of the center of Abell 426 showing both O vi

emission lines plus the faint optical continuum of NGC1275 and a Ly� line. The
rest wavelength is given at the top and the observed wavelength at the bottom.
Galactic H2 absorption (darker upper dotted line) has probably absorbed some
of the strong O vi line but the weaker line is unaffected. H2 absorption within
Abell 426 (lighter upper dotted line; 8200 km s�1) is present but does not absorb
either O vi line. The lower dotted line is the stellar continuum from NGC 1399,
fit to the regions without strong absorption or emission. [See the electronic
edition of the Journal for a color version of this figure.]
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After making a correction for Galactic extinction (Cardelli et al.
1989), F(k1032) ¼ (4:2 � 0:6) ; 10�14 ergs cm�2 s�1, and for a
distance of 75.2 Mpc, the luminosity in the k1032 line is (2:9 �
0:4) ; 1040 ergs s�1. No correction was made for the extinction
due to the material at the redshift of 8200 km s�1, as this ex-
tinction is not reliably known. It is possible that such a cor-
rection could lead to a factor of 2 increase in the line luminosity.
In addition, the Ly� line is detected in emission, which was ex-
pected since Ly� was detected previously.

2.2. Abell 1795

The cluster has a mean redshift z ¼ 0:062476 � 0:00030
(Oegerle & Hill 2001), and the velocity dispersion of the cluster
is 810 km s�1 (�z ¼ 0:0027). The velocity of the central dom-
inant galaxy is slightly higher, at z ¼ 0:06326. This cluster has
a filament that extends about 4000 to the south of the central dom-
inant galaxy and is detected in both optical emission line gas as
well as diffuse X-rays (Hu et al. 1985; Fabian et al. 2001b). The
filament is at least a factor of 2 cooler than the ambient cluster
gas, and the radiative cooling time is 3 ; 108 yr, about the age
inferred from its length and velocity. We obtained an observa-
tion at this off-center location with the LWRS (3000 south of the
CD galaxy), and in addition, we reanalyzed the central pointing
(originally discussed by Oegerle et al. 2001), which contains
the central dominant galaxy, the peak of the X-ray emission, and
a significant fraction of the 104 K gas. The total exposure time
of the central pointing is 37.1 ks, of which 17.0 ks were useful
nighttime data, and those are the observations used below.

The central galaxy has an apparent magnitude of 15.2, so if
the ratio of V to FUV flux was typical for an early-type galaxy
(e.g., NGC 5846), the flux near 11158 (10508 in the rest frame)
would have been about 5 ; 10�16 ergs cm�2 s�1 (after Bregman
et al. 2005), but the observed flux is 2:7 ; 10�15 ergs cm�2 s�1,
about 5 times larger (Fig. 3). There is a range in the FUV-to-V flux
ratios of early-type galaxies (Burstein et al. 1988), and some
luminous galaxies are a magnitude brighter in their FUV flux
(e.g., NGC 1399), so it is possible that starlight from an old pop-
ulation can account for half of the FUV continua. The remainder,

if not most of the FUV continua, is probably due to young stars, as
discussed by Mittaz et al. (2001) in their imaging study of the
center of Abell 1795 with the optical monitor on XMM, which has
UV channels.
When we scale the UV continuum of NGC 1399 to the region

beyond 1110 8 (1044 8 in the rest frame), the two most sig-
nificant features in the entire LiF2a spectrum occur at 1096.8
and 1106.4 8. This first feature corresponds to the location of
the strong O vi line at the redshift of the central galaxy and the
optical emission line gas in Abell 1795. We believe that the
second feature is associated with young hot stars that have been
formed recently and create much of the UV continuum. First we
compare the stellar continuum to that produced by old hot stars,
usually from the extreme horizontal branch (Fig. 3). The observed
spectrum rises from the minimum caused by Ly� absorp-
tion (10918), although the feature is typically 108 FWHMand
damped, leading to the slow rise in the continuum, which can
occur for both old or young hot stars. However, the continuum
defined by old stars does not reproduce the spectral feature at
1106.4 8.

Next we compare the observed spectrum to spectra from
young, early-type stars. In this spectral range, the spectra of
individual O stars is sensitive to their intrinsic properties and age
(Pellerin et al. 2002; Walborn et al. 2002), making it difficult to
uniquely choose a template for the continuum (which must be
composed of many O stars, probably with a range of ages and
properties). Young hot stars can have a wind, and depending on
the mass flux, P Cygni profiles can occur (Walborn et al. 2002),
which causes the peak near 1104.5–1109.5 8 (1038.5–1043.5 8
in the rest frame), corresponding to the peak observed in the LiF2a
spectrum (Fig. 4). TheweakO vi line is not apparent, but its wave-
length corresponds to an absorption feature in an O/B star. If we
subtract the model hot star stellar atmosphere from the spec-
trum, an emission line would appear at the location of the O vi

k1038 line, so it is possible that both lines exist.
In trying to determine the strength of the strong O vi line, we

note that a strong Galactic Fe ii absorption line would lie near

Fig. 3.—FUSE LWRS spectrum of the center of Abell 1795, along with the
continuum of the central galaxy of the Fornax Cluster, NGC 1399 (dotted line),
which has no emission lines (same wavelength scales as above). The strong O vi

emission line lies above the continuum and is probably partly absorbed by a
strong Galactic Fe ii line at 1096.88 8. The only other significant feature is
emission at 1107 8.

Fig. 4.—Same spectrum as in Fig. 3, except with the continuum of NGC1399
replaced with the continuum of two hot stars, Sk �70 69 (darker dotted line; an
O5 V star showing a strong wind; Walborn et al. 2002) and a 2 ; 104 K model
atmosphere ( log g ¼ 4; solar metallicity; lighter dotted line; we use the same
wavelength scales as above). The star Sk �70 69 rises up to 1107 8 (1041 8 in
the rest frame), which coincides with the peak in the observed spectrum from
Abell 1795. [See the electronic edition of the Journal for a color version of this
figure.]
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the line center. Using the model stellar continua as a baseline,
we find that the line flux is (2:3 � 0:6) ; 10�15 ergs cm�2 s�1,
with a line center at 1069.9 8 (z ¼ 0:0630) and a line width of
2.3 8 FWHM. The true value will be larger because we do not
make a correction for the Galactic Fe ii absorption line (we es-
timate that such a correction would add 20%–30% to the flux,
but the correction is highly uncertain). When corrected for Ga-
lactic extinction, the flux for the strong O vi line is (2:7 � 0:7) ;
10�15 ergs cm�2 s�1, and for a distance of 268 Mpc, the lumi-
nosity is (2:3 � 0:6) ; 1040 ergs s�1.

The O vi line emission from the central pointing was listed as
an upper limit by Oegerle et al. (2001). Since that time, improve-
ments in the pipeline processing have reduced the noise in the
spectral extraction and our understanding of the underlying stellar
continuum has improved. There was also concern about signifi-
cant airglow contamination with the strong line from N2 when
pointing near the illuminated disk of the Earth, the strongest near
the O vi line being at 1098.18 (there is a much stronger N2 line at
10348). In comparing the night-only data with the day-plus-night
data, there is a tremendous reduction in the 1034 8 line, and a
small fraction of the emission at 1098.18 decreases. Therefore,
it is unlikely that the 1098.1 8 airglow line contributes signif-
icantly to the line, especially as it is to the red of the line defined
by its FWHM.

Although it is not central to the primary science, the C iii k977
line is detected in the LiF1a channel (Fig. 5). It is the strongest fea-
ture in that channel not due to airglow and has a central wavelength
of 1038.5 8, with a flux of (4:2 � 0:5) ; 10�15 ergs cm�2 s�1.

The observation for the off-center pointing of Abell 1795 was
taken at two times in 2004, with total exposure times of 6.49 and
18.86 ks, although we are using only the night data since the
background is significantly lower, leading to a higher S/N for the
final spectra. The final useful nighttime data had exposure times
of 4.48 and 12.7 ks, or a total time of 17.2 ks. We use the com-
bined night spectrum for the analysis, in which the airglow lines
from oxygen and nitrogen are so weak as to be undetectable.

The detector with the highest S/N in the wavelength region
where the redshifted emission would occur is the LiF2a chan-
nel, and the strongest feature in this channel occurs at 1095.18,

which is approximately the redshifted wavelength of the O vi

k1032 line, z ¼ 0:06122 (Fig. 6). This line is 370 km s�1 to the
blue of the mean redshift of the cluster, which has a velocity
dispersion of 810 km s�1 (Oegerle & Hill 2001). However,
the optical emission line gas is also blueshifted at this location
by 100–200 km s�1, and the line width is broad and extends
to the velocity of the O vi emission (Hu et al. 1985). This line
is detected at the 3 � level and with a flux of (1:4 � 0:5) ;
10�15 ergs cm�2 s�1, and the FWHM is 1:0 � 0:28. The weaker
O vi line, which is not detected, would have been a 1.5 � feature.
To be conservative, we view this as a possible detection and dis-
cuss it accordingly. A very faint stellar continuum is present
as well, with a peak emission in the 1105–1120 8 range (1040–
1053 8 in the rest frame), as expected for a hot stellar continuum
from young stars; the zero point is too uncertain to place a secure
flux level on the continuum. Another feature that one might ex-
pect, either from cooling gas or photoionized gas, is the C iii k977
line, and there is a marginal detection of this line at the 2 � level,
(1:4 � 0:7) ; 10�15 ergs cm�2 s�1.

2.3. AWM 7

The cluster AWM 7 is a nearby X-ray-bright cluster with an
elliptical galaxy at the center, at a velocity of 5194 km s�1. It lies
at (l; b) ¼ (146

�; �15N6), and the extinction is E(B� V ) ¼
0:116 mag (Schlegel et al. 1998). It was observed on 2003
September 26 with a total exposure time of 21.1 ks, but the S/N
is highest when using the night-only data, which comprises
14.1 ks.

The spectra show no features at all, aside from the usual Ly�
airglow line. From the noise characteristics of the spectrum,
we derive a 3 � upper limit of 3 ; 10�15 ergs cm�2 s�1 to an O vi

line of width 300 km s�1. After correction for Galactic extinc-
tion, the strong O vi line has an upper limit to its luminosity of
8 ; 1039 ergs s�1.

3. INTERPRETATION AND DISCUSSION

The O vi luminosities can be converted into mass cooling rates
using radiative cooling models. Since these O vi lines carry the
cooling through this temperature region, the line strength is the
product of the thermal energy of the gas at 105.5 K and the rate at

Fig. 5.—Spectral region containing the redshifted C iii line in the central
pointing of Abell 1795, along with markers of the location for airglow lines
(vertical dashed lines), where the height of the dashed lines signifies the relative
line strength. The red side of the C iii line may have a small amount of con-
tamination due to an airglow line.

Fig. 6.—FUSE LWRS spectrum taken 3000 from the center of Abell 1795,
along with the continuum of NGC 1399 (dotted line). The strongest feature in
this LiF2a spectrum is that of the strong O vi line, about a 3 � feature; the weaker
O vi line is not detected.
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which matter is cooling through that region (Edgar & Chevalier
1986; Voit et al. 1994). Factors such as the metallicity of the gas,
departures from thermal equilibrium, and whether the gas is iso-
choric or isobaric only modify the line strength modestly. For the
conversion from L(k1032) to amass cooling rate, we use the value
discussed by Bregman et al. (2001; see Edgar & Chevalier 1986;
Voit et al. 1994) of Ṁ ¼ ½L(k1032)/9 ; 1038 ergs s�1�M� yr�1.
Using this conversion, the upper limit to the cooling rate for
AWM 7 is 9M� yr�1 within r ¼ 6:1 kpc, and the detected cool-
ing rate for Abell 426 is 32 � 5M� yr�1 within the central r ¼
6:2 kpc. For Abell 426, the cooling radius is about an order of
magnitude larger than the FUSE aperture and the optical emis-
sion line gas region is also considerably larger, so we may be
missing much of the O vi emission. Therefore, we regard this
cooling rate as a minimum value.

The cooling rate for the central pointing of Abell 1795 is about
26 � 7M� yr�1 in the central r ¼ 22 kpc region. If we treat the
off-center pointing as a detection, it represents an additional16 �
6 M� yr�1, or a total measured in the cluster of 42 � 9 M� yr�1.
Once again, much of the cooling gas may not be contained within
our apertures, so the total cooling rate for the cluster is likely to be
larger.

We can compare our measurements with the three other rich
clusters that have been observed with FUSE, Abell 2597, Abell
2029, and Abell 3112 (Oegerle et al. 2001; Lecavelier des Etangs
et al. 2004). When we convert these published values to the same
Hubble constant and cooling rate scale, the upper limits for Abell
2029 andAbell 3112 are 27M� yr�1 (r ¼ 27 kpc) and 25M� yr�1

(r ¼ 26 kpc), respectively, while for Abell 2597 the detected val-
ue is 35M� yr�1 (r ¼ 30 kpc). In summary, of the six clusters ob-
served, three are detected in the O vi lines.

There are other characteristics that distinguish the clusters
detected in O vi from those that were not. The three clusters
Abell 426, Abell 1795, and Abell 2597 have extensive optical
emission lines and also have evidence of recent or ongoing star
formation. Although the other galaxy clusters were considered
cooling flow clusters from their broadband X-ray data, they are
not known to have optical emission line filaments or star for-
mation; an example of these is Abell 2029 (Hu et al. 1985;
McNamara & O’Connell 1989, 1993; Cardiel et al. 1998). It
had been suggested by others that the combination of peaked
X-ray emission with short cooling times, optical emission line
gas, and young stars constituted a strong case for the cooling
flow paradigm (e.g., Cardiel et al. 1998). The counterargument
was that the cooled gas was mass loss from a recently stripped
galaxy and that the disturbance had led to star formation in the
gas (Sparks et al. 1997). In this view, the gas does not cool from

the hot ambient cluster medium. However, the presence of O vi

emission shows that at least in some clusters, gas is cooling
through the 105.5 K regime at a rate of at least 30 M� yr�1. The
original cooling flow estimates for these clusters are typically
an order of magnitude larger. Either the O vi emission that we
detected is only a fraction of the cooling gas, which is possible
since the apertures cover only a fraction of the cooling flow region,
or the cooling rate is an order of magnitude lower than originally
estimated. A significantly lower cooling rate would, in general,
be consistent with the weak X-ray cooling lines, and models have
been developed along these lines (Soker & David 2003).
We can compare the cooling rates inferred from the O vi emis-

sion with the constraints from the X-ray data, and in particular,
the XMM RGS data. There is not yet a published RGS spectrum
for Abell 426, but there are analyses for both Abell 1795 and
Abell 2597. The EPIC plus RGS spectrum for Abell 2597 im-
plies an X-ray cooling rate of 50 � 10M� yr�1 (adjusted for the
H0 used here) and a cooling radius of about 90 kpc (Morris &
Fabian 2005). This cooling rate is somewhat greater than the
value that we measure, suggesting that cooling gas may extend
beyond the FUSE LWRS aperture. If the cooling rate increases
linearly with radius out to the cooling radius, as suggested by
theory (Fabian 1994), the value inferred from theFUSE data would
become 50–60M� yr�1, the same as found from the X-ray data.
The study that includes Abell 1795 (Peterson et al. 2003) places
an upper limit to the cooling of 30 M� yr�1, which may be in
conflict with the O vi data that implies 30–40M� yr�1. If such a
conflict exists, it would imply that nonsteady cooling of ma-
terial is involved, such as turbulent mixing layers (Slavin et al.
1993), although there are other possibilities (Fabian et al. 2001a).

This promising line of study of O vi emission is limited by the
sensitivity of current instrumentation. Natural follow-up obser-
vations, such as the mapping of O vi throughout the potential
cooling region, will have to wait for future missions.
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