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Abstract An excess over the extrapolation to the extreme ultravihet soft X-ray ranges
of the thermal emission from the hot intracluster medium lbesn detected in a number
of clusters of galaxies. We briefly present each of the s@el{EUVE, ROSAT PSPC and
BeppoSAX, and presently XMM-Newton, Chandra and Suzakud) their corresponding
instrumental issues, which are responsible for the fadttthia soft excess remains contro-
versial in a number of cases. We then review the evidencehfersbft X-ray excess and
discuss the possible mechanisms (thermal and non-thewhalh could be responsible for
this emission.

Keywords Galaxies: clustersX-ray: spectra

1 Introduction

The existence of soft excess emission originating fromtehsf galaxies, defined as emis-
sion detected below 1 keV as an excess over the usual themmsgien from hot intracluster
gas (hereafter the ICM) has been claimed since 1996. Safsers are particularly impor-
tant to detect because they may (at least partly) be due tm#themission from the Warm-
Hot Intergalactic Medium, where as much as half of the basyafithe Universe could be.
They are therefore of fundamental cosmological importance

Soft excess emission has been observed (and has also gieeto rcontroversy) in a
number of clusters, mainly raising the following questiat)sDo clusters really show a soft
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excess? 2) If so, from what spatial region(s) of the clustersdthe soft excess originate?
3) Is this excess emission thermal, originating from wawhihtergalactic gas (at temper-
atures of~ 1CP K), or non-thermal, in which case several emission mechasisave been
proposed. Interestingly, some of the non-thermal mecha®iggested to account for soft
excess emission can also explain the hard X-ray emissi@t@etin some clusters, for ex-
ample by RXTE and BeppoSAX (also see Petrosian et al.| 200&p€h 10, this volume;
Rephaeli et al. 2008 - Chapter 5, this volume).

Several instruments have been used to search for soft eswegssion: EUVE, ROSAT
and BeppoSAX in the 1990’s, and presently XMM-Newton, Chrarehd Suzaku. We will
briefly present a history of these detections, emphasiziegdifficulties to extract such
weak signal and the underlying hypotheses, and summarigiagis known on each of the
observed clusters. For clarity, results will be presenggghgately for the various satellites.
Finally we summarise and discuss the various models praptzs@ccount for Extreme
Ultraviolet (hereafter EUV) emission with their pros andso

2 Instrumental issues
2.1 TheExtreme Ultraviolet Explore{EUVE) satellite

The EUVE satellite was launched in 1992 and operated till2@0vering the 58- 250 eV
energy range_(Bowyer & Malina 1991). The rectangular shdpheoLex/B (65— 248 eV)
filter resulted in images where the length of one side of thegiengreatly exceeds the other
side:~40 in width and more than<in length (see e.g. Fig. 1 in Durret et lal. 2002).

The spatial scale was 13 pixels/arcmin. Due to the limitedisieity of EUVE, exposure
times on clusters were typically between several tens ofhkslavis.

2.2 ROSAT PSPC

The Position Sensitive Proportional Counter PSPC instniroe board the ROSAT satellite
first detected the soft excess component of clusters of igalat X-ray wavelengths. The
PSPC had an effective area of about 20 @n0.28 keV, enabling soft X-ray studies. It
had a large field of view (hereafter FOV) of '56@dius, covering the virial radius in most
clusters and enabling in most cases the estimation of the lmckground. The low and
stable internal background of the PSPC enabled reliablayXweasurements at large radii
where the background is important. A major problem for spftess studies with the PSPC
is that it did not cover energies above 2 keV. Thus, it couldbgoused to determine reliably
the hot gas properties, which had to be measured elsewhé&ughar limitation was the low
energy resolution which did not allow detection of possinssion line blends emanating
from the soft component. The angular resolution of the ROSAPC was- 15'. Details
on the ROSAT PSPC instrument can be found_ in Briel 21 al. (1996

2.3 XMM-Newton EPIC

An important change in the study of the soft excess came WalKiMM-Newton satellite.
The XMM-Newton European Photon Imaging Camera (EPIC) umsants PN and MOS



extend the energy band coverage to 10 keV, thus enablindtameous determination of the
hot gas and soft excess component properties.

The large collecting area of the EPIC telescope&000 cn? at 0.5 keV for the PN)
provides the high statistical quality data necessary tonixa the few 10% soft excess ef-
fect on top of the hot gas emission. The spectral resolutidhePN at 0.5 keV is 60 eV
(FWHM), rendering it possible to resolve the emission lieegnating from the soft excess
component. However, the relatively small FOV {(t&dius) of EPIC prevents the study of the
cluster outskirts for the nearest clusters with single fiogs. The usage of offset pointings
introduce the complex stray light problem which complicattee analysis of weak signals
such as the soft excess. The more distant clusters, whicliweucovered out to the virial
radius with a single pointing, are fainter, which reducesdhality of the signal. Thus, the
XMM-Newton soft excess analysis is mostly limited to the tcahregions of nearby clus-
ters. Details on the characteristics of XMM-Newton can henfbin Turner et all (2001) and
Struder et al. (2001), or In_ Ehle et al. (2006).

A further complication is the strong and flaring particlehiiced detector background.
A local background estimate is vital when analysing weakaig such as the cluster soft
excess. This is usually not available for nearby clustemsesthey fill the FOV, and one
has to resort to blank-sky based background estimatesifthisluces uncertainties in the
analysis, and further limits the cluster analysis to cénégions where the background is not
important. Together with the FOV limitations, the backgrdyproblem limits the usefulness
of XMM-Newton for measuring the soft excess in a large clusgnple.

The on-going calibration work on the PN and MOS instrumeessiited in changes in
the derived soft excess properties for a few clusters (Mdavah et al. 2007). Thus, the EPIC
results have some degree of systematic uncertainty basedlibnation inaccuracies, and
definitive results on the soft excess properties are notwzladle (also see Sect. 4.1.2).

2.4 Chandra

Chandra, launched in the same year as XMM-Newton (1999)alsasilar eccentric orbit
as the latter satellite and therefore suffers from compearfhanced background problems.
Its angular resolution is much higher (0.8alf Energy Width) than that of XMM-Newton
(14"). The advantage is that for extended sources like clusfegalaxies subtraction of
contaminating background point sources can be done morgaety, and more impor-
tantly, blurring effects by the point spread function of thkescope can usually be ignored.
These blurring effects were a serious problem for the BeppolSECS data (Sect. 3.2.2).
However, the effective area at low energies< 0.5 keV) of Chandra is an order of magni-
tude smaller than that of XMM-Newton, and time-dependemtamination that affects in
particular the lower energies is a complicating factor i &malysis of Chandra data.

2.5 Suzaku XIS

Suzaku is the fifth Japanese X-ray astronomy satelliteclaechin July 2005 (Mitsuda et al.
2007). Unfortunately, the main observing instrument XRfgisting of X-ray microcalorime-
ters used in space for the first time, did not last until the §pace observations, due to the
loss of liquid He |(Kelley et al. 2007). On the other hand, th& ¥strument, which em-
ploys X-ray CCDs with improved performance for X-ray spestopy, is functioning well
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Fig. 1 Left panel: Radial profiles of the @ — 1.0 keV surface brightness of the hot ICM and of the warm
gas in Virgo found by Lieu et al. (1996&Right panel: Radial profile of the A — 1.0 keV surface brightness
of the hot ICM and of the two warm gas components in Coma fouridiéu et al. (1996b).

(Koyama et al. 2007). Regarding soft X-ray spectral studfediffuse sources, XIS offers
the best capability so far achieved with X-ray satellites.

The XIS system consists of 4 units of mirror and detector doatlons. The X-ray
mirrors are identical and have a focal length of 4.5 m and fatfe area of about 500 ém
at 2 keV (Serlemitsos et al. 2007). The angular resolutiabisut 2, limited by the light-
weight design of the thin foil mirror.

The 4 CCDs in the focal plane operate jointly during the olet@wns. The chips are
square with an area of 10 mm10 mm and the number of pixels is®0rhe field of view
is 17 x 17. One chip is back-illuminated, which gives a superior softa)¥ sensitivity
with somewhat poorer energy resolution and higher backgt@mbove 7 keV. The other
3 chips are of standard front illumination type. The typiealergy resolution is 150 eV
FWHM at 5.9 keV at the time of launch. The resolution degrasigdificantly with time
(200 eV after 1 year), and the XIS team performed a chargetinjeoperation after October
2006 to maintain the resolution around 170 eV. In Novemb@&62@ne of the 3 FI (front
illumination) chips developed excess noise, and it has Isaétthed off since then. This
leaves a total of 3 chips, one BI (back illumination) and 2 ksperation. Its background
is lower than that of XMM-Newton.

3 Soft X-ray excess emission based on EUVE and ROSAT PSPC data

3.1 The first objects with a soft X-ray excess discoveredy&/{redshiftz= 0.0038) and
Coma ¢=0.0231)

The first mention of soft excess emission in th@8%— 0.245 keV band was made by
Lieu et al. (1996a) for the Virgo cluster, based on data oethiwith the EUVE satellite.
These authors detected emission around M 87 up to a radtahdis of~20, and found
excess emission over the best fit single temperature plasmdalrobtained by fitting si-
multaneously the EUVE and ROSAT PSPQ®- 2.0 keV data. This excess was found



to decrease with radial distance (see Elg. 1). Similar tesutre then found for the Coma
cluster, also based on EUVE and ROSAT data, by Lieu et al.g109

The first interpretation proposed was that the soft excesss&n was thermal, with
a single component of ICM gas at a temperature betweed® K and 16 K for Virgo
(Lieu et al/ 1996a) and two components at 80° K and 2x 10° K for Coma (Lieu et al.
1996b) . The immediate implication of this hypothesis was guch warm gas would cool
very rapidly, implying a very high mass accretion rate ofesaVhundred Solar masses per
year, and therefore the production of a large amount of gdeeicool phase (of the order of
10" M, ILieu et al| 199€a\b).

A second model was then proposed|by Sarazin &/Lieu (1998),hithvsoft excess
emission was due to the Inverse Compton emission (herdé&fjeof cosmic microwave
background photons on a relic population of cosmic ray sdest Such electrons could
have been produced by supernovae, by radio galaxies or tiglpaacceleration in intra-
cluster shocks. Their energy would amount te 10 % of the thermal energy content of
the ICM. The inverse Compton model was also favoured by BowBerghofer (1998),
and Lieu et al.[(1999a) suggested that cosmic rays could &eeagetically important as the
thermal ICM.

From ROSAT images at low energy, Bonamente et al. (2001&)edkthe existence of
large amounts of cold gas in the ICM of Virgo and Coma, configrihe existence of a
multiphase ICM.

More clusters were then observed, Virgo and Coma were regibeand controversy
began to arise concerning the very existence of a soft exsesshe thermal emission from
hot gas responsible for cluster X-ray emission.

An agreement on the existence of soft excess emission bas&tVYE and ROSAT
PSPC data was reached by different observers only on the ¥ird Coma clusters. By tak-
ing into account the variations of telescope sensitivigrdkie field of view, Bowyer & Berghofer
(1999) confirmed the presence of EUV excess emission in Cohrese authors also later
confirmed the soft excess in Virgo and interpreted it as dueverse Compton radiation
(Berghofer & Bowyer 2000a). With EUV i situbackground measurements, Bonamentelet al.
(2001b) agreed with the existence of an EUV excess in Virgbfannd that this excess in-
creased with radius.

Using PSPC data, Bonamente €tlal. (2003) found a very lagde €&:6 Mpc) soft excess
halo in the Coma cluster, exceeding the thermal emissiordByR at the largest radii. Note
that at a distance of 4he soft excess flux exceeds that of the hot gas by 100 %, tentsis
with the later XMM-Newton analysis of Finoguenov et al. (2p@t the same distance. The
non-thermal model gave a poor fit to the spectrum of the safegx while the thermal
model was acceptable, with a best-fit temperature @ keV.

3.2 Other clusters observed with EUVE and ROSAT
3.2.1 Abell 1795 (z 0.0625

A strong soft excess was found in Abell 1795 from EUVE data lilgdd et al.|(1998). Later,
Bonamente et al. (2001b) confirmed the existence of thisssxiog observing with EUVE
anin situ background, and found that, as for Virgo, the EUV excessimed with radius.
However, these results were debated: by taking into acdbentariations of telescope
sensitivity over the field of view, Bowyer & Berghofer (1996laimed that there was no
evidence for EUV excess in Abell 1795 and later confirmedrdssilt from BeppoSAX data



(Berghofer & Bowyel 2002). However, the existence of saftess emission in this cluster
was confirmed by Durret etlal. (2002) from EUVE and ROSAT PSRBfa.dSoft excess in
Abell 1795 was also found with the ROSAT PSPC (Bonamentel|@Dal3) at the 16- 20 %
level in the 02— 0.4 keV band, and by Nevalainen ef al. (2003) and Kaastra e2@0.3),
both based on XMM-Newton data (see Sect. 4.2.1 and 4.2 & ctsely).

3.2.2 Abell 2199 (z 0.030))

The presence of a soft excess was disputed in Abell 2199. [HOME data, Lieu et al.
(1999b) detected a soft excess, and confirmed its existqm¢e a radius of 20using a
background measured from offset pointing Lieu etlal. (199@onfirmation of the exis-
tence of a soft and a hard excess in this cluster was given bhgtkeaet al. (1999) based on
BeppoSAX, EUVE and ROSAT data. A three phase ICM was proptsedcount for the
observations by Lieu et al. (2000).

On the other hand, from other EUVE observations taking ictmant the variations of
telescope sensitivity over the field of view, Bowyer & Beofdr'(1999) found no evidence
for EUV excess. They confirmed this result with BeppoSAX d@@arghofer & Bowyer
2002), but Kaastra et al. (2002) claimed that their analygis wrong. According to the
latter authors, the problem was that Berghofer & Bowyeebabeir conclusion on a plot of
the ratio of the observed radial intensity profiles in tte-02.2 keV band as compared to the
0.1—-0.3 keV band. Because the point spread function of the BeppoBAG&S instrument
is a strong function of energy (1FWHM at E = 0.28 keV, scaling aE~%%), and the
low-energy counts in the.D— 0.3 keV band contain a significant contribution from higher
energy photons, even for a fully isothermal cluster theorafithe radial intensities in both
bands shows strong-60 %) excursions. Moreover, the predicted ratio dependsgly on
issues like abundance gradients, modelling of the cooling, fetc. that were ignored by
Berghofer & Bowyer|(2002).

The existence of a soft excess was independently confirm&dibret et al.[(2002) from
EUVE and ROSAT PSPC data. The ROSAT PSPC analysis of Bonareeéat. [(2003) also
revealed marginal evidence for soft excess in Abell 2196,thay derived that the temper-
ature of the soft excess component must be below 0.2 keV.tigaetsal. [(2003) confirmed
the presence of a soft excess in this cluster from XMM-Nevdata.

3.2.3 Abell 4059 (z 0.0460)

No soft excess was detected in Abell 4059 by Berghofer & Bawg20000); strangely, these
authors even found a deficit of EUV emission in the centtaH®wever, a soft excess was
detected in this cluster by Durret et al. (2002) as descrilbvélte next subsection.

3.2.4 Complementary results on the five above clusters

A different approach was proposed| by Durret et al. (2002¢thas the wavelet analysis and
reconstruction of EUVE and ROSAT PSPC observations for treedieviously discussed
clusters: Virgo, Coma, Abell 1795, Abell 2199 and Abell 40B9soft excess was found in
all five clusters, even when taking into account temperanceabundance gradients of the
ICM. The radial profiles of the EUV to X-ray ratios are showrfig.[2. The EUV and X-
ray profiles were shown to differ statistically, suggestingt the EUV and X-ray emissions
were probably not due to the same physical mechanism.
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Fig.2 EUV to X-ray ratio as a function of cluster radius (expressearcmin in the left plot and in kpc in the
right plot) for the five clusters observed by Durret etlal.a2pwith the EUVE and ROSAT PSPC satellites.
The symbols are the following: Abell 1795: filled triangléshell 2199: empty squares, Abell 4059: empty
circles, Coma: empty triangles, Virgo: filled squares. Thetad line in the left figure shows the ratio of the
EUVE to ROSAT PSPC PSFs. Error bars are omitted for clartgytare typically smaller that0.01 in
logarithmic scale, i.e. too small to be clearly visible oa flgure.

3.2.5 Fornax (z= 0.0046

No soft excess was detected in Fornax by Bowyer et al. (2G@i)yescale, but Bonamente et al.
(2002) did detect a soft X-ray excess in this cluster, whigbart of the sample described in
Sect. 3.2.9.

3.2.6 Shapley supercluster£z0.046)

The ROSAT PSPC data of four clusters Abell 3571, Abell 3588IA3560 and Abell 3562
in the Shapley supercluster were analysed by Bonamente(208fb). They modelled the
hot gas spectra using published ASCA results (Abell 3571 Adoell 3558) or fitting the
PSPC data (Abell 3560 and Abell 3562). These models fit theCP&Ra poorly due to
excess residuals in the R2 bandl®- 0.3 keV) in all clusters. Based on the residuals, the
authors determined the fractional soft excess emissiomeath® hot gas emission model,
amounting to 50% at most. For Abell 3571 and Abell 3558, theynfl that the fractional
soft excess increased with the cluster radius, an effeeadyr found in the EUVE data of
Virgo, Abell 1795, and Abell 2199 (Bonamente elial. 2001k et all 1999b).

BeppoSAX LECS data on Abell 3571 and Abell 3562 supportedBEC results. The
analysis showed that a simple one-temperature thin-plasoggel is not adequate to de-
scribe the emission.

The data indicated a thermal model with k 0.1 keV for Abell 3558, but the quality of
the data was not appropriate for distinguishing the natitesosoft component or modelling
its properties in detail.



3.2.7 ®rsic 159-03 (z= 0.0580

Seérsic 159-03 (also known as AS 1101) was found to show gtsoft excess and even to
be the brightest soft excess cluster by Bonamente et al1d00hese authors combined
three PSPC pointings of Sérsic 159-03 obtaining 19 ks obsue time. The low tempera-
ture (~2 keV) of the hot gas allowed its spectroscopic analysisgudie PSPC data alone.
Extrapolating the best-fit spectral model from th6-0 2.0 keV band to lower energies re-
vealed a very strong soft excess at 0.2 keV, 100 % over thed®emission. This excess
was then confirmed with XMM-Newton (see Sect. 4.1.3).

Bonamente et al. (2001d) tested the hypothesis that thesoéss could be an artefact
caused by a sub-Galactic absorbing column deridityowards the cluster. However, this
yielded an unrealistically loy (5 x 10'° cm~2), even lower than that of the global mini-
mum of the Lockman Hole, implying th&dy variation is not the cause of the soft excess in
this cluster.

Despite the high quality of the signal, the nature of the epfess component could not
be determined, since non-thermal and thermal models yiatéscally equally acceptable
fits.

3.2.8 The Hercules supercluster~0.035)

A soft excess was also detected from low energy ROSAT datheirclusters Abell 2052
(z=0.0348) and Abell 20632= 0.0348) of the Hercules supercluster (Bonamente et al.
2005b); however these authors underlined the difficultyaadground subtraction.

3.2.9 The Bonamente et al. (2002) sample

Bonamente et al. (2002) published a ROSAT PSPC analysig tdithest soft excess sample
of galaxy clusters so far, 38 in number. They modelled the RIOSSPC data of the hot gas
using published results from ASCA and BeppoSAX which areamsritable due to their
energy coverage up to 10 keV. These models were extrapdiatixe PSPC channels and
compared with the data in the2- 0.4 keV band. The analysis yielded significant{3
soft excess inv30 % of the clusters in the sample. The actual fraction oftehsswith soft
excess may be higher, since the clusters with the deepeséR@Iservations all had soft
excess. Using a thermal model with a temperature of 0.08 keMhaetal abundance of 0.3
Solar, or a power-law= lgpE~%h (wherel is the intensity ané the photon energy) of index
aph = 1.75, the soft excess fluxes correspond -00.4 keV luminosities of 1¢0 — 10*
ergs L. The excess was more prominent in the regions outside theat@B0— 200 kpc.

The indicated increase of the relative strength of the safegs with radius is qualita-
tively consistent with the non-thermal Inverse Comptonatioin of CMB photons from the
relativistic cluster electrons. The hot gas emission ipprtional ton2, . - while the IC is
proportional tone rejativistic and the usual assumption is that the relativistic electfolhaw
the gas distribution. This model however faces energetiblpms.

The authors also examined the possibility that the soft #xceiginates from a large
number of unresolved X-ray-emitting cluster galaxies. st relevant sources of X-rays
are Low Mass X-ray Binaries (LMXB) and especially their k- 0.25 keV blackbody com-
ponent coming from the accretion disk. The typical soft X-haminosity of a galaxy due
to LMXB is of order 158 erg s and thus 18— 10* galaxies are needed to produce the
typical observed soft X-ray luminosity, while typical nuers of galaxies in rich clusters are
of order several hundreds. Thus, unresolved sources iteclgalaxies cannot explain the



soft excess. A similar conclusion can be reached by lookinlgeagalaxy X-ray luminosity
function, such as that obtained for the Coma cluster by kiaogv et al.|(2004); in view
of the relatively faint X-ray luminosities of the individugalaxies, the number of X-ray
emitting galaxies required to account for the soft excesgldvbe unrealistically high.

4 Soft X-ray emission based on XMM-Newton EPIC data
4.1 Continuum detections
4.1.1 The Nevalainen et al. (2003) sample

Nevalainen et al! (2003) found evidence for soft X-ray exdasclusters of galaxies using
XMM-Newton EPIC data. They derived a 2040 % soft excess in the central 500 kpc
regions of the clusters Coma, Abell 1795 and Abell 3142 (0.0703) in channels below 2
keV, consistently in both PN and MOS instruments, and in RDBAPC data.

A thermal model fits the data better than a non-thermal ortetlihe level of calibration
accuracy at the time, the non-thermal nature of the softssxceuld not be ruled out.

Thermal modelling yielded temperatures in the range.6f0L.3 keVV and metal abun-
dances consistent with zero. Assuming that this warm gaspies the same volume as the
hot gas, the electron densities are of the order 0f1010-3 cm 3. These values lead to a
cooling time scale larger than the Hubble time, i.e. thecétmes are self-consistent.

4.1.2 The Kaastra et al. (2003) sample

Kaastra et &l.| (2003) examined a sample of 14 clusters okigalabserved with XMM-
Newton, and found significant evidence for soft X-ray exagmstinuum emission in 5 of
them: Coma (centre studied only, since it is closer than therat), Abell 1795, Sérsic 159-
03, Abell 2052 and MKW 3s. Different modelling of the hot gasnperature and metal
abundance yielded lower temperatures for the soft compgapet2 keV), compared to
Nevalainen et all (2003). The surface brightness of the wgasns rather constant with ra-
dius, while that of the hot gas decreases with radius, tallielow the warm gas surface
brightness between 0.5 and 1 Mpc from the cluster centree Natt in Coma, the central
pointing does not cover this radius, so the hot gas brigbtnesains above the cool gas
brightness, consistent with the above number. Such a bmlragi consistent with the Warm
Hot Intergalactic Medium (hereafter WHIM) filament sceoanrvhereby the projected ex-
ternal filamentary structure is more extended than the enluktter/ Kaastra et al. (2004)
extended this sample to 21 clusters, and found 7 objectsswithexcesses, the new cases
being Abell 3112 (also in Nevalainen’s paper) and Abell 2199

Based on the quality of the spectral fits, in most cases thehmermal model was also
acceptable. Fitting the soft excess with a power-law modstgd rather constant photon
indices ¢ 2) with radius in a given cluster. At the cluster centres thmihosity of the non-
thermal component iss 10% of that of the hot gas, while the percentage increasesrttsw
100% at the largest radii.

Bregman & Lloyd-Davies| (2006) challenged the results of $€amet al.[(2003), argu-
ing that their soft excess detection was due to incorredtdvacnd subtraction. However,
in a rebuttal paper, Nevalainen et al. (2007) showed thagaslly in the central regions,
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the cluster emission is so bright compared to the backgrotinad the details of the back-
ground modelling are insignificant. Thus, Bregman & Lloyddi®s’s claim appears to be
unjustified.

Nevalainen et all (2007) also found that the changes in th€ E&libration between the
years 2002 and 2005 resulted in a decrease of the soft exgeak 8Jsing the Kaastra etlal.
(2003) modelling, the PN soft excess even disappeared ie shrsters. However, the MOS
instrument still detects a soft excess in all the cluster&adstra’s sample. A less con-
servative hot gas modelling (Nevalainen et al., in prepamatwith the current calibration
information obtains consistent soft excesses in both PNVD& data.

4.1.3 @rsic 159-03

One of the first clusters to be observed by XMM-Newton wasiB&59-03. This observa-
tion with a net exposure time of 30 ks was taken in 2000 (Kaaedtall 2001). The same ob-
servation was used for a search for soft excess emissiorsiitéast al. 2003, see Sect. 4.1.2
above). A 60 ks observation taken two years later was arclyg8onamente et al. (2005a)
and de Plaa et al. (2006).

Bonamente et al. (2005a) confirmed the existence of the sodtyXexcess emission in
Seérsic 159-03 out to a distance of 1 Mpc from the clusterreerithe soft excess in the
0.3— 1.0 keV band increases from 10 % at the centre to 80 % at the targds. The
properties of the soft excess differ from those derived fersig 159-03 using PSPC data
(Bonamente et al. 2001d), likely due to different modellofghe data: XMM-Newton al-
lows to determine the hot gas component unambiguously i2.the 7.0 keV band where
the soft component has a negligible contribution.

The same dataset of Sérsic 159-03 was also analysed byaletRlal(2006). However,
they focused their attention on the chemical evolution efdluster and they determined the
background for the spectral analysis in the-22 region around the cluster, subtracting the
spatially extended soft excess emission together withdfidareground emission. For the
remaining soft excess in the cluster core they propose ahwmal emission mechanism
arising from IC scattering between CMB photons and relstiivielectrons accelerated in
bow shocks associated with ram pressure stripping of inéafjalaxies.

Werner et al.|(2007) studied Suzaku data together with theXM-Newton data sets
of Sérsic 159-03 obtained two years apart mentioned befidrey found consistent soft
excess fluxes with all instruments in all observations. Fthen XMM-Newton data they
derived radial profiles and 2D maps that show that the sofé®xemission has a strong
peak at the position of the central cD galaxy and does not silymsignificant azimuthal
variations. They concluded that the spatial distributibthe soft excess is neither consis-
tent with the models of intercluster warm-hot filaments, with models of clumpy warm
intracluster gas associated with infalling groups as psepddy Bonamente etlal. (2005a).
Using the data obtained with the XMM-Newton RGS, Werner etaiild not confirm the
presence of warm gas in the cluster centre with the expectgubgies assuming the soft
excess was of thermal origin. They therefore concludedttizasoft excess in Sérsic 159-03
is most probably of non-thermal origin.

4.2 Line emission detection

A crucial piece of evidence for the thermal nature of the Xefay excess would be the de-
tection of emission lines. At the indicated temperature@ bf- 0.5 keV the most prominent
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emission lines are from @11 and Oviil. The resonance, intercombination and forbidden
lines of OvII have energies of 574, 569 and 561 eV (seelalso Kaastre e08l.-Zohapter

9, this volume). For a low density plasma at 0.2 keV tempeeatine centroid of the triplet
has an energy of 568.7 eV (see Kaastra et al.|2003).

Geocoronal and heliospheric solar wind charge exchangs@ia et all 2004; Fujimoto et al.
2007) also produces soft X-ray emission lines. These linass/ary by a factor of 3 on time
scales of hours, which makes them difficult to model and sehtiThe maximum observed
brightness of these lines in theb3- 0.9 keV range can reach the level of the cosmic X-ray
background. Therefore, when the background level is inqpoifor the analysis, care should
be taken when estimating the contaminating effects of thission.

Finoguenov et al! (2003) observed a spatial variation oktifeexcess emission in the
Coma cluster. In the Coma 11 field they found an excess emisgiich is particularly
strong. Recent observations with the Suzaku satellitegfTetkal., private communication)
do not confirm the level of ®11 and Oviil line emission reported by Finoguenov et al.
(2003) for the Coma 11 field, but they are consistent with theekt reported values for the
other fields in Coma observed with XMM-Newton. They suggkat & large fraction of the
reported excess soft X-ray emission and the line emissisersbd in the Coma 11 field
with XMM-Newton was due to Solar wind charge exchange eroissi

4.2.1 The Kaastra et al. (2003) sample

Kaastra et al.l (2003) found evidence fov@ line emission in the clusters Sérsic 159-03,
MKW 3s (z= 0.0450) and Abell 2052 in form of line-like residuals on top béthot gas
model at wavelengths consistent with the cluster redshiftge that the line emission is
significant only in the outer regions’(4 12) of the clusters.

The uncertainties also allow a Galactic origin=0) for the emission. Also, Nevalainen et al.
(2007) pointed out that a simple cluster-to-background léwel comparison does not ex-
clude that the reported @I line emission in the & — 0.65 keV band contains contributions
from the geocoronal and heliospheric Solar wind charge axgé (see above). This possi-
bility remains to be studied in detail.

Therefore this study does not give conclusive evidence fan dine emission in these
three clusters.

4.2.2 Coma

Finoguenov et al! (2003) analysed XMM-Newton data in theskiuts of the Coma cluster.
The spectrum at-1 Mpc distance from the centre exhibits a very stron$)00 % fractional
soft excess continuum in channels below 0.8 keV, and theoesitdetect two emission lines
in the 05— 0.6 keV band. Both the excess continuum and the line featueaselt fit with a
thermal model of K = 0.22 keV (see Fid.13). The temperature, as well as the derivgedba
overdensity for the warm gas-@00) are consistent with the WHIM filament properties in
numerical simulations (e.g. Davé etlal. 2001; Yoshikawaa%&ki 2006). Let us note how-
ever that the soft excess in Finoguenov’s model consistslynafdine emission, but due to
the low spectral resolution of EPIC at low energy, it looksrenlike a continuum.

The redshift of the @11 line (0.0 — 0.026) is consistent with that of Coma (0.023) and
also with being Galactic (0.0), implying that the emittefdsated between us and Coma.
Optical data show that there is a significant galaxy coneéintr in the direction of the
warm gas in front of Coma. This suggests that the warm gashandalaxy structure are
connected, consistent with the WHIM filament scenario.
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Fig. 3 Different emission components of the Coma spectrum oldaiith the XMM-Newton PN instrument
(from|Einoguenov et al. 2003).

However, since the soft excess flux in Coma is comparablestbdlckground level, the
charge transfer flux in an active state (i.e. at the maximusenied level) can reach the soft
excess level detected in Coma_(Finoguenov et al.|2003). Bo&wikhlininl (2004) use
this coincidence as a proof that the soft excess detecti@oina is due to charge transfer.
However, they did not model the soft excess spectrum wittaegehtransfer emission model
to show that the model is consistent with the observed sgidetatures in Coma. Thus, their
claim of Coma soft excess being due to charge transfer mesrhas not proven.

An indication for the presence of WHIM in Coma was also relyaeiported by Takei et al.
(2007b) at 2.8 level in absorption and in emission, based on RGS spectracoAttive
Galactic Nucleus X—Comae, which is located behind the Cdostear.

5 Soft X-ray emission based on Suzaku observations

5.1 Search for the soft excess in and around clusters

Suzaku has observed about 30 clusters of galaxies by Af@i.2Beveral of these observa-
tions were done in order to search for soft excess emissierddscribe here the results for
Abell 2218 and Abell 2052 in some detail since these two ehsshave been studied rather
extensively, and then briefly review results from other sear

5.2 Abell 2218 ¢= 0.1756)

Abell 2218 is a bright cluster &= 0.1756 with an ICM temperature of about 7 keV. The

Suzaku observations were carried out on two occasions witkahexposure of 80 ks and
the results were published oy Takei et al. (2007a). Severaditions are favourable to the
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detection of a soft excess in this cluster with Suzaku. Fihst cluster is known to be un-
dergoing a merger, likely along the line of sight, as indécaby two galaxy concentrations
at different redshifts. This picture is supported by X-régervations from Chandra and by
the presence of remarkable arcs due to gravitational lgn§Sinch a merger suggests that
a large-scale filament may be located along the line of sigttthat the column density
of oxygen contained in the warm filament gas could be high. Sdw®nd reason is that the
XIS energy resolution allows to separate-d00 eV cosmologically redshifted oxygen line
from a zero redshift oxygen line. Background data in twoaagiat about 5offset from
the cluster were also taken to obtain information on the erylime intensity of the Galactic
component.

The time variation of the soft X-ray flux during the obsergas was very small, so the
effect from the solar wind charge exchange emission wasidersl to be small. A soft
excess was searched for in the outside region of the clustefpr the region with radius
greater than '5(880 kpc at the source) from the Abell 2218 centre. The oleskspectra
(see Fig. 4) show structures around 0.5 and 0.6 keV, whiclharenergies corresponding
to redshifted OQ/11 and Oviil lines. However, close examination showed that the hump at
0.5 keV can be caused by the oxygen edge in the XIS filters,fmgeak around 0.6 keV
can be due to Galactic @1 line emission. This unfortunate situation hampered thegirmai
XIS capability of detecting the soft excess associated thi¢hcluster._Takei et al. (2007a)
set upper limits for the @11 and Oviii line intensities as shown in their Fig. 1, including
all the uncertainties in the instrumental response (e.ghégnhanced contamination in the
XIS filters) and in the Galactic line intensities.

Even though the observing conditions were not optimal, {hyeeu limits obtained are
nearly an order of magnitude lower than the soft excess keymirted in other clusters by
Kaastra et &l. (2003). With this upper limit, the densityta tvarm gas can be constrained.
The limit for the gas density is:

~ 7 N2 Lo\-L2
d=ny/ny <270 (0.12@,) (m) ) ()

whereny = XQpperit(1+2)%/mp = 1.77x 1077 (1+2)® cm~3 is the mean hydrogen density

in the universe, wher¥ = 0.71 is the hydrogen to total baryon mass rafdy,= 0.0457 is

the baryon density of the universayi = 9.21x 10730 g cn3 is the critical density of the
universe, andny, is the proton mass. Even though this level of gas density ishnfigher
than the expected densit§ & 10) in the filaments, the result demonstrates that Suzaku can
give a reasonable constraint on the soft excess emission.

5.3 Abell 2052

Suzaku carried out observations of Abell 2052 with 4 offsgihings to cover the cluster
outskirts to about 2q830 kpc at the source). Since the observations were ailedasut only
40 days after the launch, the contamination in the XIS filtaswot so much a problem. At
the carbon K-edge energy, the reduction of the transmissfiiciency was less than 8 %
(see Koyama et &l. 2007).

The data were analysed by Tamura etlal. (2007). By assumiimgke $emperature for
the ICM and two temperatures (0.2 and 0.6 keV) for the Galaimponent, they found a
significant soft excess, with a spectrum well described atuireless continuum modelled
(for convenience reasons only) by pure thermal Bremsstnghlvith a temperature around
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0.7 keV. The intensity of this soft component is consisteithwa constant value over the
entire observed field and stronger than the Galactic emmigmtow 0.5 keV. If this emission
is associated with Abell 2052, then its luminosity can be parable to the ICM emission
which showd_x ~ 1.4 x 10* erg s! in the 2— 10 keV band. The cluster is located fairly
close to the extension of the North Polar Spur (NPS), a |apge-like region with strong
soft X-ray emission (see e.g. Willingale etlal. 2003). Hoarethe Suzaku spectrum of the
NPS region showed the temperature to be about 0.3 keV witha$&rong Mg-K emission
line. This is inconsistent with the Abell 2052 soft excesscspum.

A strong soft component without emission lines may be cabgexktended non-thermal
emission. Since the cluster shows neither strong radiostoni:or merger features, such a
non-thermal emission could be due to a rather old populatforon-thermal electrons (see
e.g. Rephaeli et al. 2008 - Chapter 5, this volume).

5.4 Other clusters

The Sculptor supercluster was observed with Suzaku in 4ipgswith the fields partially
overlapping and connecting 3 main clusters (Abell 281%-at0.1086, Abell 2804 az =
0.11245) and Abell 2801 at= 0.11259). The data were analysediby Kelley etlal. (2007).
The combined spectrum after removing bright clusters aridt gources shows an excess
in the energy range.6— 1 keV, with a temperature of about 0.8 keV. Since the observed
volume is extremely large~( 500 Mpc), the uniform electron density implied is as low as
8x 106 cm3.

The Suzaku XIS data on Abell 106@ £ 0.01140, Sato et al. 2007a), AWMZ &
0.01724| Sato et &l. 2007b), and Fornax (Matsushitalet al.)2@%# been analysed in some
detail. Even though the spectrum and intensity of the fanegd Galactic emission have
fairly large ambiguities, the observed energy spectratese clusters are generally well
fit by thermal models at energies down to about 0.3 keV. Foc#mral region of Fornax
(r < 2), a two temperature model withTk= 1.5 and 0.8 keV was preferred. However, ex-
cess emission which causes significant deviation from thes®lard spectral fits has not
been detected from these clusters.

Fuijita et al. [(2007) observed the region between Abell 33DAell 401 with Suzaku.
They found no evidence for oxygen emission from the WHIM iis tiegion and obtained a
strict upper limit of 41 x 10~° cm~2 on its density.

6 Soft X-ray emission based on Chandra observations

Reports on soft excess emission in clusters as observeddrnyd@hare scarde. Henriksen €t al.
(2004) detected soft excess emission in the merging clégtell 754 = 0.0535). Al-
though a non-thermal origin could not be fully excluded,nirtheir combined Chandra,
BeppoSAX, ASCA and ROSAT PSPC analysis they conclude thaakwoft thermal com-
ponent & 1 keV) is present in this hot{ 10 keV) cluster. The emission extends out to 8
from the core and is peaked in the cluster centre. Henriksah attribute the emission to
embedded groups of galaxies.

In another cluster, Abell 2163 & 0.2030),/ Henriksen & Hudson (2004) also report
a soft and hard X-ray excess in their combined Chandra anddR®SPC analysis. The
excess can be modelled by a non-thermal component with phintex 27 — 5.9. Little
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Fig. 4 Left: Observed XIS spectrum for the outer region of Abell 2218hwipper limits for the redshifted
Ovii and Oviii lines, for the BI (black) and FI (red) sensors. The backgdospectra are shown with dashed
lines. This figure is taken from Takei et al. (2007Right: Observed XIS spectrum for= 12 — 15 Spectral
fitincluding Galactic emission (0.1 and 0.3 keV in light aradldblue), cosmic X-ray background (green), and
thermal ICM emission with K = 2.8 keV (red) requires an additional thermal Bremsstrahlumgmonent
with kT = 0.7 keV (magenta) whose intensity is constant aver0— 20'. The summed up model (orange)
is fitted to the data. Observations with Suzaku confirm thegmee of soft excess emission in Sérsic 159-03
and its derived flux is consistent with the values determinwétd XMM-Newton (Sect. 4.1.3, Werner etlal.
2007). However, Suzaku does not confirm the presence ofdséifeed Ovii lines in the cluster. The excess
emission can be fit statistically equally well with a thermaddel with low oxygen abundance Q.15 Solar)
and with a non-thermal model. The figure is taken ftom Tamued €2007).

detail about the observations is given in this paper, buattibors attribute the non-thermal
emission to a weak merger shock that is present in this cluste

Bonamente et all (2007) analysed Chandra data of Abell 311Rei central D — 2.5
arcmin region and found significant soft excess, reachingh2d the hot gas emission level
at 0.3 keV. Its spectrum is acceptably fit with a low tempee(t+0.5 keV) thermal model
or by a non-thermal modebig, ~ 1.8). The best-fit values differ from those obtained with
XMM-Newton data, indicating that remaining calibrationcentainties affect fine details.
Nevertheless, the magnitude of the soft excess is abovevhEedf calibration inaccuracies,
and similar to that in XMM-Newton, thus proving the celektidgin of the soft excess in
Abell 3112.

7 Discussion

Soft excess emission, defined here as excess emission eugsithl thermal emission from
hot intracluster gas at energies below 1 keV, has been @éetesignificantly in~30 %
of clusters of galaxies. This value is based on the two largester soft excess samples
(Bonamente et al. 2003; Kaastra et al. 2003). However, asitied above, such detections
are difficult because of instrumental issues and for mangabja controversy remains.

Thermal and non-thermal models have been proposed to acfmuthis soft excess
emission. We will briefly summarise them below using Coma @atksic 159-03 as exam-
ples.
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7.1 Thermal models
7.1.1 WHIM in Coma

The massive soft excess halo around Coma (Bonamente e0a).i2thot well accounted for
by a non-thermal model. Furthermore, Finoguenov et al. Jp0@tected Qr1i and Oviii
line emission in the outskirts of Coma. Thus Coma is a goo& ¢as a cluster where
the soft excess is dominantly of thermal nature. Bonamerdak ¢2003) proposed that
the soft component may reside in external filamentary sirastof warm-hot intergalac-
tic medium (WHIM). These filaments are predicted by hydrayit simulations of for-
mation and evolution of large-scale structures, extentbngeveral megaparsecs, contain-
ing a large fraction of the current epoch’s baryons (e.g. &€striker[1999) Davé et al.
2001; Yoshikawa & Sasaki 2006). In WHIM simulations, the pamatures are in the range
10° — 10’ K, consistent with the soft excess properties found in Cofissuming a fila-
mentary geometry, Bonamente et al. (2003) derived dessifie ~ 10°° — 1074 cm3 for
the warm gas in Coma. These values are consistent with thaee iIWHIM simulations
(107 —10~* cm3). Assumingn = 10~* cm~3, the implied mass of the filament exceeds
that of the hot gas by a factor of 3.

7.1.2 Soft emission from merging sub-halos

In Sérsic 159-03, detailed WHIM filament calculations skdwhat unrealistically long
structures £ 100— 1000 Mpc), projected on the line of sight of the cluster, aguired

to explain the soft excess detected in XMM-Newton data (Boerate et dl. 2005a). The
assumption that the warm gas occupies the same volume astiyga$ has the problem
that there is a pressure difference between the two compmremd that the cooling time
is short. As proposed by these authors, this problem can dideal if one assumes that
the warm gas is not distributed evenly but rather in high ited®—2 — 10~2 cm3 clumps
with a volume filling factorf < 1. Such a distribution is predicted by the simulations of
Cheng et al.[(2005), in which the soft excess emission come@s high-density and low
entropy gas associated with merging sub-groups, whictepresheir identity before being
destroyed and thermalised in the hot ICM. The simulated10®keV band soft excess in
the radial range of 6 0.5r; is consistent with that publishedlin Bonamente ét al. (2D05a
for Sérsic 159-03. This scenario yields a warm gas mass 8b 25 the hot gas mass for
Sérsic 159-03.

However| Werner et al. (2007) show that the soft excess @nigeaks at the position
of the central cD galaxy and does not show any significant aiziad variations. Moreover
the soft excess in Sérsic 159-03 is observed out to radii lebat 1 Mpc. If this soft excess
is associated with the gas of an infalling group, then thigigris moving exactly along the
line of sight. However, such an infalling group cannot exptae presence of the soft excess
emission at large radii. Therefore the soft excess obsem@drsic 159-03 is most probably
not of thermal origin.

7.2 Non-thermal models
Inverse Compton models of energetic electrons on CMB plsosmial/or on galaxy starlight

have been developed by various authors to account for thexx#ss observed in several of
the objects presented here.
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Non-thermal inverse Compton emission has a power-law gpaatith a relative flux
which in the 03— 10.0 keV band may account for more than 30 % of the cluster enmissio
The best-fit power-law photon indices of soft excess clssaee typically betweenry, ~
2.0—2.5. In the IC model, this corresponds to a differential relatic electron number dis-
tribution dN/dE = NoE(~*) with u = 3— 4. These are steeper than the distribution of the
Galactic cosmic-ray electrongl (~ 2.7). The steeper power-law distribution might indicate
that the relativistic electrons suffered radiative log&erazin 1999). Relativistic electrons
in this energy range have relatively long lifetimestgf= 2.3 x 10°(y/10°)~*(1+2)~* yr
andtsyn = 2.4 x 101%(y/10%)~1(B/(1uG)) 2 yr for inverse-Compton and synchrotron pro-
cesses respectively.

As mentioned earlier, Werner et al. (2007) conclude thatrathermal model best ex-
plains the observed properties of the soft excess in S&&8e03. The total energy in rel-
ativistic electrons needed to explain the excess emissithinathe radius of 600 kpc does
not exceed k10! erg, while the total thermal energy within the same radidsi$0° erg.
This means that even if the energy in relativistic ions is asmas~30 times larger than
that in relativistic electrons, the total energy in cosnag particles will only account for
10 % of the thermal energy of the ICM.

Models that may account for the observed soft excess cabalmnd in the following
list:[EnRlin et al.|(1999); Atoyan & V6lK (2000); Sarazin &pnerl(2000); Takizawa & Naito
(2000);| Fuijita & Sarazin| (2001); Petrosian (2001); De Paelial. (2003)| Bowyer et al.
(2004a)| Petrosian etlal. (2008) - Chapter 10, this volume.

7.3 Some problems and open questions

In the Virgo cluster a strong soft excess was detected inxtierae ultraviolet with EUVE
(Lieu et al. 1996&; Berghofer & Bowyer 2000a; Bonamentd.«2@01b; Durret et al. 2002)
and in the ®— 0.4 keV band with ROSAT| (Bonamente etlal. 2002). However, theeola-
tions with XMM-Newton did not confirm the existence of thidtsexcess: a thermal model
for the hot cluster emission with Galactic absorption déssrthe soft band X-ray spectra
(above 0.3 keV) of Virgo obtained with XMM-Newton sufficigntvell (Kaastra et al. 2003;
Matshushita et al. 2002).

Arabadiis & Bregman| (1999) claimed that some of the X-rayogliton cross sections
were wrong, and that soft excesses would disappear wheg th&proper values. However,
it is surprising that this claim has neither been confirmedefuted ever since. During some
time, there have been wrong He cross sections by Baluci@isksch & McCamman (1992)
in the XSPEC software (see http://heasarc.gsfc.nasagosikanadu/xspec/). Arabadijis &
Bregman refer to those wrong cross sections. They have bg@oved by Yan et all (1998)
and are now included properly for example in Wilms’ crosstises that are in XSPEC.
They are also properly included in the SPEX software. Noaé Wilms’ more recent cross
sections agree quite well with the older Morrison & McCamn(d983) work (see the dis-
cussion in_ Wilms et al. 2000). Lesson to be learned: it is irfgrtd to check for each paper
which cross sections / absorption model have been used!

Several searches for far-ultraviolet emission lines etquefrom a 16 K gas were per-
formed with the FUSE satellite on the cores of several ctasteegerle et all (2001) have
reported the detection of @ A1032A in Abell 2597 ¢ = 0.0824), implying a mass in-
flow rate of about 40 M/yr. However, FUSE has not detected warm gas in five other clus
ters: Abell 1795/(Oegerle etial. 2001), Coma and Vitgo (Diroal. 2001), and Abell 2029


http://heasarc.gsfc.nasa.gov/docs/xanadu/xspec/
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Fig.5 XMM-Newton MOS data of Abell 3112 in a.&— 2.9 arcmin annulus and fit with a single temperature
MEKAL model in the 2— 7 keV band with the LAB H absorption column, showing a 20 % soft excess.

(z=0.0775) and Abell 3112 (Lecavelier des Etangs 2004); the ulymés on the inflow
rates for these five clusters were of the order 25/l

A recent review by Bregman (2007) summarises current kriiyedeon the search for
missing baryons at low redshift. Note however that in his Bi@lready in Bregman & Lloyd-Davies
2006) he claims that the soft excess found in some clustetsabgtra et al. (2003) is an
artefact due to wrong background subtraction. The argurisethiat there is a correlation
between the Rosat R12 (low energy) count rate and the preserbsence of a soft excess.
However, a closer inspection shows that this correlatiodrigen by a few clusters with
strong Galactic absorption. As Kaastra etlal. (2003) pdimtet, in addition to the atomic
gas visible at 21 cm these clusters also have significanty)6pacity contributions due to
dust or molecules, which naturally explains the observed dieficit. When these clusters
are excluded, the correlation fades away.

8 Note added in proof

Until very recently, the Galactic neutral hydrogen absorptaken into account when fitting
X-ray spectra was extracted from the Dickey & Lockiman (198Geafter DL90) survey. A
better all-sky survey, the Leiden / Argentine / Bonn (LAB)I&zic Hi Survey, has now
become available (Kalberla et al. 2005). Though its use fsyabworldwide, it has been
pointed out that, at least in some cases, the LAB survey givesbly smaller values than
DL9O0 for the Hi absorption. For example, in the case of Abell 3112, the LABe/és 13 x
107° cm~2 while the DL90 value is B x 10°° cm~2, and for Sérsic 159-03 (= AS 1101), the
LAB value is 114 x 10%7° cm~2, while the DL90 value is 79x 10?° cm~2. Such changes
are expected to modify the soft excess emission derived $pactral fits. Fortunately, for
many other clusters the differences between theabsorption measured by LAB and by
DL90 are negligible.

For Abell 3112, a fit of the XMM-Newton MOS data in a5l- 2.9 arcmin annulus
made by J. Nevalainen with a single temperature MEKAL mod¢hée 2— 7 keV band and
extrapolated down to 0.3 keV using the LABIlbsorption value shows that a 20 % soft
excess remains (see Hig. 5). In order to eliminate the sofiss the H absorption should
take the unrealistically low value of310" cm2.
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For Sérsic 159-03, new fits of the joint Suzaku and XMM-Nawdata in a 3- 8 arcmin
annulus were made by N. Werner using the nenAB absorption value. If the absorption
is a free parameter in the fit,Ngoes to zero, and no good fit can be obtained with=N
1.14 x 107° cm~2. Adding a thermal component with a temperature of 0.2 keVravgs
the fit significantly (from a reduceg? of 2.8 to 1.5), and the soft component is found to be
present at a significance level of 18.5If the fit is made with a multi-temperature model
that accounts for the cluster emission with the absorpééirak a free parameter, a 2ipper
limit for Ny of 1.4 x 101 cm~2 is obtained; this value is inconsistent with the new LAB
survey and clearly unphysically low. In the same way, if a polaw is fit to the data, even
if its total flux is reduced by about 20 % it remains significabta~ 100 level. A soft
component is therefore required even for zero absorptioplying that the soft excess is
really strong in this cluster.

Therefore, even if they are somewhat reduced, the soft sgsasbserved in Abell 3112
and Sérsic 159-03 remain when taking into account the néwesaf the H absorption.

9 Conclusions

While in most cases the origin of the soft excess emissioriffisudt to prove unambigu-

ously, due to problems with instrument calibration and wvkm background/foreground
emission level, the independent detection of the phenomariilh many instruments gives
confidence in the genuine nature of the phenomenon in a nuoflohusters. Both thermal
and non-thermal emission mechanisms are probably at wopkaducing the soft excess
emission in clusters.
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