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ABSTRACT

The dust destruction timescales in the cores of clusteralakies are relatively short given their high central gassitees. However,
substantial mid-infrared and sub-mm emission has beeistéeten many brightest cluster galaxies. In this letter wespntHerschel
PACS and SPIRE photometry of the brightest cluster galaxiiree strong cooling flow clusters, A1068, A2597 and Zw31#8s
photometry indicates that a substantial mass of cold dysesent £ 3x 10° M,,) at temperatures significantly lower (20-28 K) than
previously thought based on limited MIR god sub-mm results. The mass and temperature of the dustrappaatch those of the
cold gas traced by CO with a gas-to-dust ratio of 80-120.

Key words. Galaxies: clusters: intracluster medium, Galaxies: ehsstelliptical and lenticular, cD

1. Introduction that the dust continuum traces a substantial, cold compdaen

Th f cluster of aalaxi i iGiths the ISM in these massive elliptical galaxies. However, thigio
€ Cores ot cluster of galaxies are very energetic regiatlis Wos e gyst and how it is shielded are still poorly understood

a high X-ray emissivity, particle density, cosmic ray flutelgr N . . .
. e : . : The limitations with the current observations of dust emis-
density and AGN radiation. In this very hostile environmamy . . . :
Y Y sion make it dificult to establish an unambiguous dust mass as

dust grains are unlikely to survive for more than a few miillio S e
9 y they do not sample over the peak of the dust emission in the

years due to the action of collisional sputtering (Dwek & Adé L .
1992) unless they are shielded (Fabian et al. 1994). It iethel IR- The unprecedented sensitivity lderschel (Pilbratt et al.

fore somewhat surprising to find that dust continuum emissigol.o) to FIR continuumiers the opportuni_ty to a(_:curately con-
from the brightest cluster galaxies in the most rapidly Tupl strain the full FIR spectrum of the dust emission in clustaes. _
clusters being detected at sub-mm and MIR wavelengths (E authors were award_ed 140 hours of time in an Open Time
et al. 1999, Egami et al. 2006, O'Dea et al. 2008). The prase €y Project (P1 Edge) to investigate the FIR line an.d corumu

of cold molecular gas (Edge 2001, Salomé & Combes 2003) appertes of a sample of 11 brightest cluster galaxies (806

P . : - well-studied cooling flow clusters selected on the basigtital
dust absorption in HST imaging (McNamara et al 1996) Imp“é(,agmission line and X-ray properties. The full goals of thejged

* Herschel is an ESA space observatory with science instrumen@f€ to observe at least five atomic cooling lines for eachabbje
provided by European-led Principal Investigator consaatid with im-  that cover a range in density and temperature behaviourland o
portant participation from NASA. tain a fully sampled FIR spectral energy distribution. Iis tha-
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per we present the Photodetector Array Camera & Spectrometethe electronic version of the paper. The spatial flux diatr
(PACS, Poglitsch et al. 2010) and Spectral and Photomettion and flux densities of our target sources were investat
Imaging REceiver (SPIRE, Gfin et al. 2010) photometry for using cumulative flux curves. The spatial flux distributiar f
the three targets observed in the Science DemonstratiosePheach of our three sources is consistent with that expeobea dr
(SDP), Abell 1068 % = 0.1386), Abell 2597 £ = 0.0821) and point source. Flux densities in the BS, BL and R band were ex-
Zw3146 ¢ = 0.2906). In a parallel paper (Edge et al. 2010), wiracted using a 33by 33’ aperture centered on the BCG. Small
present the FIR spectroscopy for the first two of these alsiste aperture corrections were applied as outlined in the PAGS Sc
The three clusters observed have quite contrasting mulap release note (PICC-ME-TN-035). Care was taken to cali-
wavelength properties. Abell 1068 and Zw3146 both havengtrobrate these derived flux densities to account for the known flu
MIR emission (O’Dea et al. 2008, Egami et al. 2006) with a+rel@verestimation in the used HIPE version by factors 1.059 1.0
tively bright CO detection (Edge 2001) and a weak centrdbradand 1.29 in BS, BL and R bands respectively. The absolute flux
source (McNamara et al. 2004). A1068 lies just below the funtficcuracy is within 10 % for BS and BL, and better than 20 %
nosity threshold of a ULIRG (28 L) and exhibits some contri- for R. These uncertainties are not believed to be correlded
bution from an AGN (Crawford et al. 1999, O'Dea et al. 2008)0 the BS and BL bands being taken dfeiient times and the R
On the other hand, Abell 2597 is a relatively weak MIR sourdgand using a dierent detector.
(Donahue et al. 2007) with a weak CO detection (Salome, priv.
comm.) and a powerful central radio source (Sarazin et 8519
The implied FIR luminosity of A2597 is a factor of around 302'2' SPIRE Data
below that of A1068 and, in addition, the fractional contitibn The SPIRE photometry was performed in the LargeScanMap
from an AGN in the MIR is also lower in A2597. mode with cross-linked scans in two orthogonal scan divesti
The photometer has a field of view of # 8, which is ob-
served simultaneously in three spectral bands, PSW (250
2. Observations PMW (350um) and PLW (50Qum) with a resolution of about

We performed photometric imaging of A1068, A2597 ané:’, 25’ and 36, respectively. The resulting maps measure

Zw3146 with PACS and SPIRE. The data were reduced wi
the Herschel Interactive Processing Environment (HIPE) soft-
ware version 2.3.1436 (Ott 2010). We used for both PACS a

SPIRE the fficial scripts as presented by the PACS and SPIR
ICC teams during thélerschel SDP data processing Workshorgi
in December 2009.

2 x 12 in size and are presented in the electronic version of
is paper.

We used the standard HIPE pipeline for the LargeScanMap
serving mode and the naive map-maker. The pre-processed
w telemetry data were first subject to engineering conver-
on wherein the raw timeline data were converted to mean-
ingful units, the SPIRE pointing product was created, delgli
ing and temperature drift correction were performed, angsna
2.1. PACS Data were created, the units of which were Jy be&nOur targets

are unresolved at the spatial resolution of SPIRE. We dérive

The PACS photometric observations were taken #heir flux densities by fitting the sources with the SPIRE poin
LargeScanMapping mode in all three bands of the phgource response function. Care was taken to de-blend our tar
tometer, BS (7Qum), BL (100um) and R (16Qum) using the get from other nearby sources at the longer wavelengthsevhe
medium scan speed (26*). The scan maps comprised 18 scafhe sources are most likely to be background to the cluster. W
line legs of 4 length and cross-scan step of”18ach obser- account for the known flux calibrationffset in the used ver-
vation had a “scan” and an orthogonal “cross-scan” directigjon of HIPE by applying the following multiplicative calié-
and we calibrated the corresponding data separately befgég factors 1.02, 1.05 and 0.94 to the derived flux densities
combining them into a single map of99'. The resulting maps the PSW, PMW and PLW bands respectively (seef@ret al.
have a resolution of 5'27.7" and 12" at 70, 100 and 16m, 2010, Swinyard et al. 2010). We also performed aperture pho-
respectively and are presented in the electronic versighisf tometry using the HIPE point-source extraction (PSE) tadl b
paper. The PACS photometer performs dual-band imaging susls method gives accurate results only for isolated paintees.
that the BS and BL bands each have simultaneous observatingg50 ym and 500um, the BCGs in A2597 and Zw3146 are
in the R band so we have two sets of scans inthe R band.  close to the detection limit and at the confusion limit of BEI

We adopted the PACS Data Reduction Guideline to procasgiking the PSE method of determining the fluxes unsuccessful
the raw level-0 data to calibrated level 2 products and used tA1068 has a relatively strong compact BCG in far infrared and
official script for PACS ScanMapping mode but with particulaso we performed the PSE to find that the flux estimates using
attention to the high pass filtering to remove \Af noise. We AIPS and HIPE agree with each other to better than 5%.
choose to use thidighPassFilter method with a filter of 20 read-
outs which will remove structure on all scales abové.8he 3 pogyits
target BCG and other bright sources in the field were masked
prior to applying the filter. The size of the mask was chosen o the PACS photometry, A1068, A2597 and Zw3146 have been
be less than the filter size so as to minimize any left-over lowletected in all three bands. For A1068, 70 andiif®alues are
frequency artefacts under the masks. We used masks with adlaghtly less than théRAS 60 and 10Qum measurements. This
dius of 18’ for our sources. We tried varying the size for theould be due to nearby sources that cannot be separatedfeom t
filter from 10 to 30 readouts and the mask radius from 10—3®CG in the much lower resolutidfiRAS observations but no suf-
and found our results to not change significantly for theagea ficiently bright source is visible in our PACS imaging. Thesa
in values. Finally the task ‘photProject’, was used to prbjae large diterence between ti#pitzer MIPS 7Qum flux (Quillen et
calibrated data onto a map on the sky in units of Jy pixdfhe al. 2008) and our PACS 7@n flux, the PACS flux being a factor
“scan” and “cross-scan” maps were then averaged to protece1.7 lower than the MIPS flux. In the case of Zw3146 the MIPS
final coadded map. The PACS and SPIRE images are includadl PACS 7Qum fluxes also dter with the PACS value being
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Table 1. Log of Herschel Observations.

dust emissivity index for each fixed =2 and a mass absorp-
tion codficient,«q,, of 2.5 n? kg™t at 10Qum.

Cluster z Instrument 2 Obsid Flux For A1068 we fit the 24—850n emission. For A2597 and
(um) (mJy)  Zw3146 the SCUBA 85(m detections have been removed and
we fit only the 24-350m range. In the case of A2597, this is
Al068  0.1386 PACS 70 1342187051 582 (e to the unknown amount of radio contamination ag860n
PACS 100 1342187053 788 the case of Zw3146 the BCG is blended with strong background
gé(l:RSE égg 1342187321 72%2 source at 850m (Chapman et al. 2002_). The data are We_ighted
SPIRE 350 1356 N the fit mv_ersely to the square of their error. The resaglfiits
SPIRE 500 568  are shownin Figure 1. The derived dust temperatures and tota
SCUBA 450 3a13 FIR luminosities for each source are listed in Table 2.
SCUBA 850 5.31.1 The results in Table 2 indicate that at least two dust compo-
Spitzer 24 74.52.0 nents, one at20—25K and one at 50-60 K, are presentin & thre
Spitzer 70 94130 sources. The FIR emission is much stronger relative to thie op
IRAS 60 57%52  cal in A1068 and Zw3146 as compared to A2597. The SEDs of
IRAS 100 95&144  A1068 and Zw3146 resemble those of strongly star-formirsg sy
A2597  0.0821 PACS 70 1342187118  #  temsand, based on the total FIR luminosity derived here,vde fi
Eﬁgg 128 1342187120 sgl star forrr_lation rates (_SFR) of 60 and 44, M*l in these two sys-
SPIRE 550 1342187329 26 tems using the Kennicutt (1998) conversion factor. For A2&9
SPIRE 350 156 much more modest SFR of 2dWr! is inferred. These values
SPIRE 500 <16 are comparable to SFRs derived frony khe andor UV contin-
SCUBA 850 14.82.3 uum emission given the uncertainties of these tracers. Mene
Spitzer 24 2.1:0.2 the SFR values derived frofpitzer data are higher for A1068
Spitzer 70 49:6 and Zw3146. The dierence for A1068 is the most pronounced
Spitzer 160 523  and can be directly attributed to the stronger AGN contitsut
Zw3146  0.2906 PACS 70 1342187043  #®4  n this object (Quillen et al. 2008) which boosts theu2ux
PACS 100 1342187045 156 compared other comparable sources. Therefore, when the to-
gé(I:RSE égg 1342187326 13$9B5 taI_ FIR _Ium_inosity is deri_\/ed from the 18n flux infered from
SPIRE 350 306 Sp|tzer_ it will be ove_respmated. The value for_ Zyv3146 from
SPIRE 500 <16 Egami et al. (2006) is higher than ours as their fit includes th
SCUBA 450 <48 SCUBA 85Q:m point from Chapman et al. (2002) which appears
SCUBA 850 6.62.6 to be overestimated on the basis of our SPIRE data.
Spitzer 24 4.10.4 The gas to dust ratio is found to be between 80 and 140 (see
Spitzer 70 68:14  Table 2). Gas temperatures can be inferred from CO measure-
Spitzer 160 15235 ments (Edge 2001, Salome & Combes 2003). These estimates

infer gas temperatures of 25-40 K thus implying that the gas

Notes. The Spitzer data are from Quillen et al. (2008), Donahue et a4 dust share a common environment and are potentially co-

(2007, priv. comm.) and Egami et al. (2006). The SCUBA dag&imm

Edge (priv. comm.), Zemcov et al. (2007) and Chapman et @0Zp

located in the denser regions of cold, molecular gas clojés.
have attempted to determine how much extended emission is
present from our highest spatial resolution PAC&mdmage

a factor 1.4 larger than the MIPS value (Egami et al. 2006). Feut we find no evidence for more than 10% additional flux be-
A2597 the PACS fluxes fier from theSpitzer 70 and 16Qqum yond a point source. Clearly these limits will improve with a
fluxes reported by Donahue et al. (2007). Part of thitedénce better characterisation of the instrument but we belieaé we
was resolved when the MIPS 7@n data were re-analysed andcan conclude that the dust emission in our targets has antexte
found to be a factor of two too high (Donahue, priv. comm.gomparable to that the bulk of the CO emitting gas and optical

The diferences observed between the PACS Spitrer fluxes emission lines€ 5” or 5-20 kpc).

require further investigation. In the SPIRE photometry0A&
is detected in all three SPIRE bands. A2597 and Zw3146, whije ; ; :
clearly detected in PSW and PMW bands, have ad-d&tec- H Discussion and conclusions
tion in the PLW band. Table 1 gives the photometric results f@ur initial Herschel results confirm the presence of the striking
the three galaxies, withv2upper-limit for A2597 and Zw3146 in dust emission peak expected from the observations at sub-mm
PLW. Figure 1 presents the radio to optical spectral eneigty d(Edge et al. 1999, Chapman et al. 2002) and MIR (Egami et al.
tributions (SEDs) for the three targets. These plots shevsity 2006, O'Dea et al. 2008).
nificant variation in the relative radio-FIR-optical cabtrtions The star formation rates derived from the full-sampled FIR
for each of our galaxies. Here we focus on the sub/iiiR dust SED are comparable to those derived fr8pitzer 24um fluxes
emission as sampled by PACS and SPIRE photometry, compgart from A1068, which has the strongest contribution from
mented by publishe8pitzer andIRAS measurements. an AGN so hot dust dominates to theu24 flux. However, in

We fit the SEDs of the dust emission using black bodigse sub-mm the contribution from the radio continuum from an
modified with a dust emissivity inde®, The FIR-MIR slopes active nucleus must be correctly accounted for before asy du
of our sources require the presence of at least two dust comass can be estimated from the 8B0flux. In the case of A2597
ponents. Previous studies of star-forming galaxies hasteed here and A2390in Edge et al. (1999), the presence of a powerfu
established that a single modified black body (MBB) is inadeadio source appears to contribute to the SCUBABB®UX.
quate to account for the observed dust emission (WiklindB200  While it is difficult to draw any general conclusions from just
Hence, our model for the SEDs consists of two MBBs with thiaree BCGs, we note with interest that the ratio of dust mass t
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Table 2. Summary of results and other cluster properties.

Sarazin, C. L., Burns, J. O., Roettiger, K., et al. 1995, A@Y,, 559
Swinyard, B., Gifin, M., Ade, P., et al. 2010, A&A, this volume

Cluster A1068
Dust Temperatures 21K
57+12K
Cold Dust Mass 5410° M,
Warm Dust Mass 3:010° M,
Total FIR Luminosity ~ 3.%10 L,
Star Formation Rate ~ &20 M, yr!
SFRSpitzer 188 M, yr!
SFRoptical/ UV 20-70 M, yrt
CO gas mass 410'° M,
He Slit Luminosity 810" erg st

A2597

21+6K
481K
2.3x10 M,
2.9x10° Mo,
8.8<10° L,
2+1 Mg yr?t
4 M, yr?t
10-15 M, yr
2.0x10° M,
3x10* erg st

Tayior, G. B., O'Dea, C. P, Peck, A.B., etal. 1999, ApJ 5127L
Zw3188 i, T. 2003, Ap), 588, 736

Zemcov, M., Borys, C., Halpern, M., et al. 2007, MNRAS, 37673
23+5K

53-22K
5.4x10° M,
1.9x10° M,
2.5x10M L,
44+14 M, yrt
70+14 M, yrt
4745 M, yrt
7.7x10 M,
3x10% erg st

Notes. The Spitzer SFR values are from O’Dea et al. (2008), Donahue
et al. (2007) and Egami et al. (2006). The Optiod SFR values are
from McNamara et al. (2004), Donahue et al. (2007) and Egarmi. e
(2006). The CO gas masses are from Edge (2001) and Salomé (pr
comm.) and the H slit luminosities are from Crawford et al. (1999).

CO-derived gas mass is constistent for all three within ¢ofac

of five. If the dust were mostly generated through dust ejecti
from evolved stars then the dust mass should closely cterela
with the total stellar mass. However, our three galaxieg vavy
similar opticalNIR absolute magnitudes. So, unless the ejected
dust were “captured” by the cold gas clouds protecting itrfro
X-ray sputtering, this suggests that the apparent coivel&te-
tween the molecular gas and dust masses arises from a direct
connection between the gas reservoir and star formation.

These results are a limited example of those to come in the
very near future fronterschel as there are two other Open Time
Key Projects (Pl Egami and Smith) that are targetting a wital
70 clusters that cover a broad range of BCG properties so the
wider context of these initial observations can be deteeghiin
particular, the amount of dust present in more quiescent8CG
and other massive cluster ellipticals will be important §sess-
ing how much of the dust seen in cool core BCGs orginates from

the underlying stellar population.
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Fig.1.  Spectral energy distributions for A1068 (top),
A2597 (middle) and Zw3146 (bottom) includinblerschel
PACSSPIRE (blugred symbols)Spitzer, Radio, NIR photom-
etry from 2MASS and optical photometry from SDSS. To ac-
count for absolute flux uncertainties we have set the folaowi
errors on the fluxes derived from the various instrumentke@m
the quoted error is larger than this); PACS/BBE 10%, PACS

R 20%, SPIRE 15%Spitzer 10%, SCUBA 450um 30% and
SCUBA 850um 20%. The model fit to the sub-mFR/MIR
data is shown by the black solid line. Only filled symbols have
been used in the fit. The two modified blackbodies making up the
model are shown by the black long dash and dash-dot lines. For
A2597 we also show two VLBI measurements (black crosses)
of the BCG core at 1.3 and 5 GHz (Taylor et al. 1999). These
points show that the BCG has a strong, inverted radio core.
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A1068 A2597 Zw3146

Fig.2. Colour images from the three PACS bands (BS, BL and R in the, ljreen and red channels) for the three clusters within
radius of 2.50f the BCG The top row are images combined in their originebhetion and the bottom row are the images combined
with a common smoothing of 2o match resolution.
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Al1068 A2597 Zw3146

Fig.3. Colourimages from the three SPIRE bands (PSW, PMW and PLWe&iblue, green and red channels) for full field covered
for the three clusters covering approximately:22. The top row are images combined in their original resofuéind the bottom
row are the images combined with a common smoothing 6ft8énatch resolution and clipped to remove areas of low exgosu
The BCG is at the centre of the image and in A2597 and Zw314&ibluest object present (see text).
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