University of Massachusetts Amherst

ScholarWorks@UMass Amherst

Astronomy Department Faculty Publication

Series Astronomy

2010

The far-infrared/submillimeter properties of galaxies located
behind the Bullet cluster

M Rex

Min Yun
University of Massachusetts - Amherst

et. al.

Follow this and additional works at: https://scholarworks.umass.edu/astro_faculty_pubs

6‘ Part of the Astrophysics and Astronomy Commons

Recommended Citation

Rex, M; Yun, Min; and et. al., "The far-infrared/submillimeter properties of galaxies located behind the
Bullet cluster" (2010). Astronomy and Astrophysics. 1118.
https://doi.org/10.1051/0004-6361/201014693

This Article is brought to you for free and open access by the Astronomy at ScholarWorks@UMass Amherst. It has
been accepted for inclusion in Astronomy Department Faculty Publication Series by an authorized administrator of
ScholarWorks@UMass Amherst. For more information, please contact scholarworks@library.umass.edu.


https://scholarworks.umass.edu/
https://scholarworks.umass.edu/astro_faculty_pubs
https://scholarworks.umass.edu/astro_faculty_pubs
https://scholarworks.umass.edu/astro
https://scholarworks.umass.edu/astro_faculty_pubs?utm_source=scholarworks.umass.edu%2Fastro_faculty_pubs%2F1118&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/123?utm_source=scholarworks.umass.edu%2Fastro_faculty_pubs%2F1118&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1051/0004-6361/201014693
mailto:scholarworks@library.umass.edu

Astronomy & Astrophysicsnanuscript no. bullet' 14693 © ESO 2010
May 24, 2010

LETTER TO THE EDITOR
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ABSTRACT

O] 20 May 2010

U TheHerschel Lensing Survey (HLS) takes advantage of gravitationalitenby massive galaxy clusters to sample a population of-héglshift
galaxies which are too faint to be detected above the canfushit of current far-infraretsubmillimeter telescopes. Measurements from 100—

_C- . 500um bracket the peaks of the far-infrared spectral energyibligions of these galaxies, characterizing their infdah@minosities and star
formation rates. We introduce initial results from our scie demonstration phase observations, directed towaruet cluster (1E0657-56).

1+ By combining our observations with LABOCA 87n and AzTEC 1.1 mm data we fully constrain the spectral endrsfyibutions of 19 MIPS

24um-selected galaxies which are located behind the clusterfitdd that their colors are best fit using templates based cal galaxies with

systematically lower infrared luminosities.This suggekgt our sources are not like local ultra-luminous infilegealaxies in which vigorous star

formation is contained in a compact highly dust-obscureibre Instead, they appear to be scaled up versions of laweinbsity local galaxies

with star formation occurring on larger physical scales.

Key words. Infrared: galaxies — Submillimeter: galaxies — Galaxiegldation — Galaxies: high-redshift — Galaxies: clusterengral —
Gravitational lensing:strong

1. Introduction 100-50Q:m, sampling the rest-frame peak of the FIR emission

Luminous (and ultra-luminous) infrared galaxies ((U)LIBG outto aredshift of = 4.

are a population of massive star-forming galaxies which- con
tain significant amounts of dust, absorbing the ultravieleis-

sion from newly formed stars within them and re-radiating th ¢ genth of submm maps is ultimately limited by confusion
energy at far-mfrared (FIR) wavelengths. The FIR emls:;)bn noise resulting from a high density of sources relative &éah-
these sources is therefore strongly correlated with treiell g5 resolution of the telescope. Gravitational lensiggrtas-

of star formation activity (e.d. Kennicltt 1998pitzer MIPS g o galaxy clusters provides the only means to sample am-abu
measurements from 24-16fh bracket the peak of the dusty,niyopylation of intrinsically faint or high-redshiftfiared
emission from nearby (U)LIRGS. Therefore, MIPS observelio gy gajaxies which lie below this limit. Thelerschel Lensing
have been very successful in characterizing the specteabgn g, ey (HLS) [(Egami et 4l. 2010) will target40 galaxy clus-
d|str|but|on§ (SEDs) E.ind star formation rates (SFRs) oflthe q¢ yith PACS and SPIRE to compile the first significant submm
cal population (e.d. Rieke etial. 2009). Similar measurém@n c4ia10g of these galaxies. In this letter we present inital
FIR/submillimeter (submm) wavelengths are required to0 CoQyis from our science demonstration phase observatiohs: 8
strain the SEDs of their higher redshift counterparts. Togle o pacs maps and 1% 17’ SPIRE maps centered on the Bullet
the PACS|(Poglitsch et 4l. 2010) and SPIRE {fariet al. 2010) ¢)ster (1E0657-56). Details of these observations arsepited
instruments on-boarderschel (Pilbratt et al. 2010) provide sen-i, [Eqami et al. [(2010). This is a unique target because of its
sitive measurements of this population at five wavelengthrs f strong lensing potential and the richness of existing &gil

. . . . ata. We present the FIR properties of 19 MIPSG@4selected

* Herschel is an ESA space observatory with science instluments, oo v?/hich are Iocateg bghind the Bullet jluster. Wecom

provided by European-led Principal Investigator consogind with : .
important participation from NASA. Data presented in thisper P&'€ the shapes of their SEDs with those of local (U)LIRGS, an

were analyzed using “Theerschel Interactive Processing Environmentcompare their measured IR luminosities with predictiongivh
(HIPE),” a joint development by theerschel Science Ground Segment€Xtrapolate this quantity from the observed MIPSug4 flux.
Consortium, consisting of ESA, the NASHerschel Science Center, Subsequent uses of MIPS in the text refer to the MIPGEr24
and the HIFI, PACS, and SPIRE consortia. band.

arXiv:1005.3821v1 [astro
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Fig. 1. The most highly magnified galaxy in our sample, HLS18, is tmas LIRG first detected hy Wilson et al. (2008) with AzZTEC
at 1.1 mm.Left panel: 1.5x2’ thumbnails of the source at a variety of wavelengths hiditlige importance of multi-wavelength
data to guide the interpretation of the lower resolution s1dBAC data reveal three lensed images of the galaxy ireticaith
white circles, although only emission from the two brightiesages is detected in thderschel maps.Right panel: [Rieke et al.
(2009) SED template fit to the source. The fluxes include timritution from both of the brightest images of the galargicated
by the two left-most circles in the thumbnails. The data poirave not been de-magnified. Thei2d flux is plotted for reference,
although it was not used in the fit. The best-fit modified blaxkbis shown with a dotted line and is consistent with presiou
estimates (Wilson et &l. 2008; Gonzalez et al. 2009; Rex @0819).

2. Data and source catalog ysis. Finally, we constrain our work to sources witt3-o- detec-

The PACS and SPIRE observations of the Bullet cluster w figns in at least twdHerschel bands. We are thereby left with a

e . e . . .
reduced using thelerschel Interactive Processing Environmen_ﬁvéesg,;lzlifets(‘)_]c 15 significant background galaxies with spectisc

(HIPE). Small deviations from the standard pipeline are dis

cussed i Egami et Al (2010). We also present the analysis of 4 additional galaxies sslect

because of photometric redshift (photo-z) estimates sigge
they are atzyne > 1.5, and which are detected in LABOCA
2.1. Source selection 870um (Johansson etal. 2010) and AzTEC 1.1 mm maps of

: .. ... the field (Wilson et al. 2008). We have calculated photo-ais f
PACS and SPIRE data provide unprecedented sensﬂmﬂesmagse SOUrces using two rr?ethods: one based or? IRAC colors

FIR/submm wavelengths. Nonetheless, the precise idemif.":""t'(?f’’erez-Gonzz'iIez etlal. 2005) and the other on the FIR—nhm co
of IR galaxies based solely dterschel maps is complicated due < vHy | Jhes et 41 2002; Aretxaga el al. 2003). When the two es
to relatively large beam sizes leading to confusmn_ nqlsmm imétesaisagree we have chosen the value which yieldsihe lo
SPIRE bands. We have therefore constructed an initial agatal sty? fit to our SED templates. Including these galaxies in our
Yralysis allows us to take advantage of the substantiatiearr
tion between SPIRE maps and longer wavelength suionmm
‘maps of the field. These results demonstrate the strengtmof ¢

: . bining such data sets to identify a potentially higher rétish
the field. We select the positions for our photometry frons th alaxgy population.The position;yof (E)ur selec%/iong, alorith w

MIPS catalog in an fort to minimize the &ect of Eddington ; ;
bias which artificially boosts the flux of sources selectemirfr fe?brlr:[ip((i)gglzlc?e'(\jﬂIiE?hgrg?irr?ghselugglztr(:]?ﬁtg)r/ycrigtz?i;gund n
confused submillimeter maps because of the steep undgrlyin '

number counts. A proper statistical treatment of tHieat will
be presented in the more comprehensive analysis of thisifield>.2. Photometry
preparation.

In order to identify a subset of these initial sources whicHerschel photometry for these galaxies is measured by simulta-
lie behind the Bullet cluster, we have compiled all of thecspeneously fitting the PSF at the positions of all of thed®4IPS
troscopic redshift information for galaxies in the field ained sources identified in our original catalog using routinettided
thus far. A description of these redshift catalogs and ouhowe  in the IRAF package DAOPHOT. To ensure the maps are aligned
of association with the MIPS positions is given in Rawle ét alo the same astrometry smaffgets are applied to the PACS data
(2010). A histogram of the redshifts reveals a large group based on the results of stacking the @0 map on the MIPS
Bullet cluster members at~ 0.3, as well as a smaller cluster ofpositions and to the SPIRE data based on the results of Bgacki
galaxies located just beyondat 0.35 (Rawle et al. 2010). We the 25Qum map on the MIPS positions. The 50 map is also
have therefore chosen a lower limit pf> 0.40 to select back- corrected for contamination from the Sunyaev-Zel'doviffeet
ground field galaxies. With these criteria we assemble a sutfised onfits to the data presented in Zemcov/et al. (2010)befo
catalog of 50 MIPS-selected galaxies which are spectréscoperforming photometry.
cally confirmed to be located behind the Bullet cluster. Imgna  In cases where multiple MIPS galaxies fall within half the
cases one SPIRE beam contains more than one MIPS galaxyodam size at the corresponding waveband, we approximate the
these instances we are sometimes able to use the PACS regmbsition of the group by the average of the counterpartshted)
tion to identify the dominant source of the SPIRE emission. by their 24um signal-to-noise. We then take an iterative ap-
this is not possible we exclude the source from our preseait arproach; fitting at the positions of the brightest sourceg, firs

(> 10-v) detections in the higher resoluti®itzer MIPS 24um
map of the field. A 105 24um threshold corresponds to the 1
o error in the PACS 100m map, our deepesterschel map of
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Fig. 2. Left panel (a): SED template fits to HLS11, a redshift- 1 LIRG. The data points have been de-magnified by a factor of
1.4 based on our lensing models of the foreground clustéroAbh both the R09 and the CEO1 templates predict the |Rnlositly
based on observed 24n emission to within a factor of 2, the 24n-predicted SEDs do not provide reasonable fits to the FIR—
mm data.Right top panels (b & c): The IR luminosity of the best-fit template as it correspotadthe local population is plotted
as a function of the actual IR luminosity of each galaxy. TiEDS of our sample are better fit by templates corresponding to
systematically lower luminosity local galaxieRight bottom panels (d & €): The 24um-predicted IR luminosity is plotted as a
function of the actual IR luminosity of each galaxy. Both f#ate families predict reasonable values for the luminesiof the
galaxies in our sample, except in the cases of the ULIRIBRer-LIRGS aiz > 1.5. Note that HLS11 & HLS18 (Fid.]1) fall on the
trend line even though their SED shapes show significanatiewiin (b) & (c).

removing them from the map, fitting at the positions of thd. Results
next tier, and so on until we have reached the &eise level
of the observation. This method is similar to that outlinad iFigure[1 shows the most highly magnified galaxy in our sample,
Pérez-Gonzalez etlal. (2010), although we force the #dlgor first reported as a strongly lensed IRAC source (Bradac et al
to fit the PSF at the MIPS positions rather than allowing for aiR006; Gonzalez et al. 2009) and independently found to be the
re-centering. brightest submiimm source in the field (Wilson etlzl. 2008;
Rex et all 2009; Johansson etlal. 2010). Multiple images ef th
galaxy are indicated with white circles. The right panelwto
our SED fit to the sum of the fluxes from the brightest of the two
images. SPIRE data indicate a 288 flux density which is 30%
Our analysis includes LABOCA 87dn and AzTEC 1.1 mm lower than that measured in the BLAST data (Rex et al. 2009),
photometry for our sources when itis®f3-o- significance. Four although the measurements are consistent within the w@iicert
of our objects have LABOCA counterparts withifi listed in the ties. TheSpitzer InfraRed Spectrograph (IRS) spectrum of this
photometric catalog from Johansson etlal. (2010). In thasesc source confirms that it is at redshift= 2.79 (Gonzalez et al.
we use the deboosted flux given in the catalog for our analysisi2010), consistent with published photo-z estimates sirtoléhe
order to obtain photometry for the remaining sources, we-maanes used for the four sources in our sample which lack spec-
sure the flux in an aperture of 4@t the MIPS position in order troscopic redshift information. At that redshift, our mode
to get the total flux from the beam. This method is not the sard&ates a magnification of 50 due to gravitational lensing by
as that used in_Johansson etlal. (2010), although it givesisonthe foreground cluster. This value is lower than other estii®
tent results for the 17 sources presented therein. In tleeafdlse  presented in the literature (elg. Gonzalez etial. (2010yestg
four sources chosen, in part, due to bright long-waveleegtis- a magnification of~ 100). We note that this value should be
sion, we identify clear associations between the MIPS souriteated as a lower limit since there is likely to be additidoeal
and a significant, individual AZTEC source. In these cases Wemsing from nearby objects. We derive an observed IR lumi-
use the deboosted flux from the AzTEC catalog. For the othewsity of 28 x 10' Ly based on the template SED fitting (see
sources the AzTEC fluxes are measured at the MIPS positidredow for a detailed discussion of this SED fitting procedlure
from a PSF-convolved map. In the instances where there if\dopting our estimated lower limit for the magnification okt
counterpart (within 8) in the AzTEC catalog, the fierence be- source indicates an intrinsic IR luminosity gf 5 x 10 Lg
tween the flux at the MIPS position and the deboosted pointhich is consistent with calculations previously reporiethe
source flux is< 10%. literature (Wilson et al. 2008; Gonzalez etal. 2009; ReX.keta
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2009;| Gonzalez et al. 2010), apart from the assumed magnifiedict reasonable values for the luminosities of the defaix
cation factor. The detection of such an intrisically faiataxy is our sample, except in the cases of the ULIRBer-LIRGS at
not possible without gravitational lensing, clearly derstoating z > 1.5. The left panel of Fid.]2 shows a closer inspection of the
the power and promise of our strategy. SED fits, revealing that although the predicted IR lumiriesit
are consistant with the measured values, the SED templktes s
lected based solely on observed2d emission typically peak

at shorter wavelengths, and do not provide good fits to the-FIR

The galaxies in our sample span a redshift range4®d @ z < mm data.
3.24. Knowing their redshifts, we can derive their apparent IR
luminosities. We use the lensing models described in Parafif .
et al. (in prep.) to correct for the magnification of each seur4- Conclusion

due to gravitational lensing by the foreground cluster aald c\ve have presented the fitderschel analysis of galaxies located
culate the galaxies’ intrinsic properties. In our discaBsdf IR pehind the Bullet cluster. We find that their colors are besisi
properties, we adopt nomenclature similar to that in Rigladle jng templates based on local galaxies with systematicavlyet
(2009), defining the total IR luminosity (iz) as the luminosity |R juminosities. This suggests that our sources are notldike
in the rest-frame wavelength range= 5-100Qum. The red- c3| ULIRGS in which vigorous star formation is contained in a
shifts, magnifications, and de-magnified IR luminositiesath compact highly dust-obscured region. Instead, they appeze
source are listed in takllé 2. We assumllicosmology with  scaled up versions of lower luminosity local galaxies withr s
Qm=0.3,Q4 = 0.7, andHy = 70km s“Mpc™ for our calcula-  formation occurring on larger physical scales. A more canpr
tions. g . i hensive analysis of the field in preparation will combine faulir
We use g¢* minimization routine to fit the SED templatescatalog of sources with LABOCA and AzTEC data to compile
presented in Rieke etial. (2009) (R09), as well as thosepiete 5 |arger sample of these galaxies. By studying their relatigp

iniChary & Elbaz|(2001) (CEO1). These templates are based@Nocal star-forming galaxies we can better understangthe
data from local galaxies and each is designated by a luntinosiesses that govern their evolution.

class corresponding to the total infrared luminositiedeflbcal

(U)LIRGS for which it provides the best fit. The left panel of
Fig.[2 shows an example of the template fits to a galaxy in oliable 2. Source properties.
sample. The solid lines show the best-fit R0O9 template (ie)blu

3.1. SED properties

and CEO1 template (in red) to the FIR—mm data, excluding the D z Mag RO9 Lyr [Lo]
24um point. The dotted lines show the respective fits to only the HLS01 0.61 1.1 2.6e11
observed 24m point. The SED fits to the remaining galaxies in HLS02 227+1,4.1] 1.00 4.0el2
our sample are shown in Fids. 3 dad 4 (included in the online HLS03 0.72 1.0 3.1ell
supplementary material). HLS04 0.82 10 4.Iell

HLS05 21.6*1 1674 1.16 1.6e-13

In general we find that the templates provide good fits to : 5
HLS06 a2.8jj,1.8j:4 1.11 5.0e-12

the FIR—-mm data in our galaxy sample and that the IR lumi-

nosities derived using the best-fit templates from both RG® a :::28; 8‘22 1% %2@13
CEO1 agree within a &= spread of 15%. We also find that the HLSO8 0.82 11 83611l
galaxies in our sample are best fit by templates with system- HLS10 0.60 11 3.1e11
atically lower luminosity classes. The top right panels (It} HLS11 1.07 1.4 8.3el1
of Fig.[d illustrate this trend. The luminosity class of thesb HLS12 3.24 11.3  3.5¢l1
fit template to each galaxy is plotted as a function of the ac- HLS13 229%1,3.1%] 123 4.2el12
tual luminosity for the R09 templates in (b) and the CEO1 tem- HLS14 0.57 11 6.0el10
plates in (c). Although we find a large scatter in the lumitosi HLS15 1.17 11 4.7e11
classes of best-fit SEDs, both template families show theesam HLS16  0.45 14 2.5ell
general trend. This is because the SEDs of our galaxies pieak a HLS17  0.40 1'1b 2.7e11
longer wavelengths than local galaxies of comparable losiin :tgig (2)';2 >15‘11' 5.125;5

ties. Therefore their spectral shapes more closely resetinbse
Of IOWer Iuminosity (U)LIRGS in the |Oca| Universe. The NISU a2 |IRAC photo-zy FIR-mm photo.z_ Adopted value in bold.

supports evidence that high-redshift submm galaxies askeco b Lower limit due to unquantified local lensing by nearby obgec
than local galaxies with similar IR luminosities, suggegtthe

star formation within them is occurring on more extendedsphy

ical scales (e.g. Chapman etlal. 2004).

The discrepancy between the FIR SED shapes of our SOUrgB&owledgements. We thank Ben Weiner and David Elbaz for their valuable
and those of local counterparts with similar luminositi®plies comments and help with our computations. This work is basegait on ob-
that a blind application of the local template SED modelshhigservations made withlerschel, a European Space Agency Cornerstone Mission
not accurately predict ther,r and hence the SFRs of higher red\_/wth significant part|C|pat|_on by NASA. Support for this vikowas provided by
shift submm galaxies. However, other studies basdderchel NASA through an award issued by Jlaltech.
data show that thétr predicted by observed 24n emission
is in good agreement with that measured from the FIR data i8gferences
galaxies atz < 1.5 (Elbaz et all 2010). The bottom right pan- _
els of Fig[2 confirm this trend. The IR luminosity derivedrfro Aréxaga, ., Hughes, D. H., Chapin, E. L., etal. 2003, MNRA&2, 759
24umiis plotted as a function of the actual IR luminosity for th L?;rf]a'r\]" 's.chvgh%ﬁ,?.?r\;\??r:grzmbrAs't,HFi'.,eltAilkli\c/)v(,)?. ’Agf’f\}s? 3. 2004, Apd,
RO9 templates in (d) and the CEO1 templates in (e). Althobhght 611, 732
RO9 fits show a slightly higher deviation, both template fé&@ai Chary, R. & Elbaz, D. 2001, ApJ, 556, 562
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Table 1. Flux densities measured from the MIPS dthetschel maps. The 50Q@m map was corrected for SZ contamination before
extracting the photometry. These measurements have notbeected for the amplification due to gravitational legsi

1D RA Dec FIU)Q4 FlUX]_OO FlUX]_eO FlUX250 FlUX350 FlUX500
[deg] [deqg] [mJy] [mJy] [mJy] [mJy] [mJy] [mJy]
HLSO1 104.72828 -55.88917 040.01 21.1+25 10.¢: 3.5 <78
HLS02 104.46419 -56.02209 049.01 10.1+ 2.4 16.2 3.5 14.4- 4.0
HLS03 104.48783 -56.03070 089.02 9.0+ 2.4 9.5 3.4 <78
HLSO04 104.45727 -55.91533 089.01 . . 18.6+ 2.8 13.2 3.6 <78
HLSO05 104.60260 -55.92013 0¥D.02 75413 164451 168.926.2 120.64.1 58444
HLSO06 104.64300 -55.90990 04W0.01 9.91.2 28.4 2.4 44.6-2.8 39.&x 3.5 25240
HLSO07 104.60545 -55.89051 029.01 7.:13 7.82.1 8.228 < 84P <78
HLSO08 104.63628 -55.98351 0.189.003 2.41.1 4.6:2.1 <6.0° < 8.4° <78
HLS09 104.55591 -55.87279 069.02 e e 23.2+ 2.6 12935 <78
HLS10 104.54350 -55.98005 053.02 16414 22621 13.% 24 < 8.4° <78
HLS11 104.56008 -55.95848 04D.01 7.41.1 1521 33.k 2.7 36.% 3.5 18.& 4.1
HLS12 104.62997 -55.94386 0.046.003 < 2.4° 4.3+2.1 7.825 11434 <7.8°
HLS13 104.60567 -55.94490 028.01 2911 5.5 2.0 10.% 25 19.6:35 <78
HLS14 104.64689 -55.88658 0.186.004 3.@1.2 4421 <6.0° < 8.4° <78
HLS15 104.73730 -55.88516 04®.02 . . 111+ 2.7 15.3 3.8 112 3.7
HLS16 104.58575 -55.93920 083%.02 25313 51.325 47.% 2.6 24.(: 3.6 10.2 3.7
HLS17 104.64463 -56.00850 0+D.02 2412 56.%34 49.2- 3.4 35.5% 3.7 17.9 3.7
HLS18,% 104.65471 -55.95193 0.49.01 7.:1.2 245 2.1 65.3 2.8 98.6- 3.9 101.4 4.0
HLS18&? 104.65861 -55.95057 0.260.01 3.&1.1 14.6: 2.5 <6.0° < 8.4° <78
HLS19 104.59877 -55.87833 140.03 40.9+ 2.9 21.64.0 9.4 3.7

& Multiple images of the highly lensed galaxy (Gonzalez €2809).
b Upper limits correspond to statisticak3noise levels of each map.
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Fig. 3. SED template fits to HLS1-HLS9. The data points have beenagified according to our lensing models of the foreground
cluster. These magnification factors can be found in tablEh2. solid lines show the best-fit R09 template (in blue) an@TE
template (in red) to the FIR—mm data, excluding the:@dpoint. LABOCA 87Qum and AzTEC 1.1 mm data are used to constrain
these fits when the detection is sf 3-0- significance. However, only the MIPS amtérschel data are shown in the figure. The
dotted lines show the respective fits based solely on therodd@4um point. Although both the R09 and the CEO1 templates
generally predict reasonable values for the IR luminositydal on observed 24n emission, the 24m-predicted SEDs typically
do not provide reasonable fits to the FIR—mm data.
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Fig. 4. SED template fits to HLS10-HLS19. The data points have beanaimified according to our lensing models of the fore-
ground cluster. These magnification factors can be foundbtef2. The solid lines show the best-fit R09 template (in Yoturel
CEO1 template (in red) to the FIR-mm data, excluding theri4oint. LABOCA 87Qum and AzTEC 1.1 mm data are used to
constrain these fits when the detection is@-o significance. However, only the MIPS ahiggrschel data are shown in the figure.
The dotted lines show the respective fits based solely onttbereed 24m point. Although both the R09 and the CEO01 templates
generally predict reasonable values for the IR luminositydal on observed 24n emission, the 24m-predicted SEDs typically
do not provide reasonable fits to the FIR—-mm data.
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