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ABSTRACT

We have observed the rest-frame optical and UV spectra of the luminous,

high redshift IRAS source I?SC10214 +.4724. We find the optical emission lines
;

to be characterized by ratios similar to those found in Seyfert 11 galaxies. We
8

support the conclusion of previous work that the UV emission lines are similar to

those attributed to AGN rather than to star formation. The ratio Ila/H/3 >20

(20 lower limit) implies substantial reddening of the narrow line region ~vith

Av >5.5, suflcient to hide a broad line region in our Ho observations. Given
__-”

this large inferred reddening and the strength of the UV continuum and emission -

lines, we conclude (as have others) that simple screen models of rcddcl]ing

are not appropriate for this object. These properties are very similar to those

of the infrared luminous galaxies found at lower redshift, suggesting that

FSC10214+4724 is the luminous extreme of the same population.

We also present Ii-band [1 .6pm) $haging pokwirnetry obsertiations and find
%.. ‘

that the rest-frame optical emission is unpolarized (1’=3.2+2.0’%0) This decp

image of the field sho\vs IWCI 021 4+4724 to possess an u nresol \zcd cow, \vii.11

several companions located Jvitlli]l 10” of tllc point SOtil’CC. We find it ul)lil<elj

that this group of ol>jccts are p]lvsically associated ivitll I“SC 1021.l-fl 72,1 al

~= 2.3, \ve argue that their magnitudes and colors arc Illorc c.onsistc]lt \vi(ll

those expcctcd for galaxies in a foreground gro~l]). Wllilc galaxy ]]u]lll>er co(lllls

~vould suggest that SUCI]a projcctiol~ has a low probal)i]ity of being ol~serlcd

ralldoml}, a forcgrolln<l grou]> might gravitational’ lens tl]e z == 2.3 sollrcc
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The UV-optical emission line spectra, the bright dereddened continuum
,,

magnitude (KS 12) of”the ‘-unre&olved “’&e,” its’ extremely ‘large bolometric

luminosity, strong UV polarization and possible variability all suggest that

FSC10214+4724 harbors an obscured AGN. Given that we observe no spectral

features attributable to star formation, it ,appears that eit~er star formation

in FSC10214+4742 is more highly obscured at optical and UV wavelengths

than the narrow line region of the AGN, or ,that the, AG~ (rather than star t
‘1’,\”\’>:’,(. .’;;. ~.i} \

formation) dominates the large luminosity of this object. .

,.;,:, .,, , ,!

~.,j,, ,. ,, ,{ , .,.,,,;.: ;,

,. ,:

Rowan~Robinson et al. (1991) have identified the lRAS Faint Source, ,Catalog’ (FS’G)’
,,:, ..1 ,,

,.,’\. ,., “,,j ..,,!’[,,j! !.:li ,’. . . . ,,!. !.::,’!: i ‘ ‘:!”:,~!
source 10214+’4 724 with a non:stellar ‘o’bject at a redshift of 2.286, mafl’ng ‘i’ton~ of the

:,. , .;..! ‘,’,~.’’,,:: ,, ,! ,!.,,!:,
most bolometrically luminous objects known. l%e identification of the’ lRAS sow”ce ‘;;ith

< !,,., :,, ,?,.. ,, ,..!, $
the z = 2.286 optical object is supported by its coincidence with a weak radio source

,,. ..,!! ,,, ..!, ,,, ,,;, .,.
(Rowan-Robinson et”d. 1991), the detection of CO (~ = 3 – 2) emission at “z = ‘~.2S6

).

,4,. ...., .,:!,;. ,’
(Brown & Vanden Bout 1991), and’ ;he detection of a submillimcter continuum (Clements

et al. 1992). In addition to its large bolometric lulninosity, FSC10214+4724 has been

observed to be highly polarized (]> x 16%) in the rest-frame lJV (Lawrence et at. 1993).

Soifer et al. (1991) reported a very large value for the equivalent width of HO (1/i~= 700~

in the rest frame – but, see section 2.1 ) and a. K magnitude roughly 2 magnitudes brighter

than powerful radio galaxies at the same redshift (e.g. l.illy 1~89, McCarthy 1993).

Much of tllle current ill!ercst in FSCI0214+4 724 concerns the origi[l of its extremely

high luminosity. llo\\’all-Rol)illsoll et al. (1991) proposecl tliid it coIIlcl l)la.usib]y I)c cxplainmi

as either a {IL161,CIISl)IWUdd (lSO or as a galax)~ lll]dcrgoillj< a LI’f:lll Clldolls si. arl)llw( .
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Previously available data do not seem to conclusively rule out one model or the other. Here

we present medium resolution spectroscopy of FSC10214+4724 from UV to red wavelengths

in the rest frame, as well as rest frame optical imaging and polarimetry of FSC10214+4724.

These data are used to show that FSC10211+4724 possesses a powerful active galactic

nucleus (AGN) which could account for much of its bolometric lu,rninosity. :

Nev. infrared spectra were obtained with the Kitt Peak National Observatory (KPNO) “’ .
. .—--- .::4:,”,{..;., . , , .’~~,,. ., ,.,,::,:,.: ;. ,,, ;+.!:,>,$.\\:.,.‘:

Cryogenic” Infrared’ Spqctr~meter ,(CRSP.) ~~~oy,nted, at, $he f/30. f?Cus ~[.}h?, ?~?Yal~.$~,1 :,}M,WYWJ
,.. ?:,’. ,..<.,:;<:..1 ~,&@!jj$.’~<$y..’ ,.

,,

telescope. The observations were obtained on several nights with cirrus clouds and poor ~

seeing in February of 1992. A 3001 mm-l grating w% ‘used in, second order in the H and.:. .,,

K bands givjng a resolution of about 800 (N 375 km see-]). The detector in CRSP, WY,! .!, f ;At;j ;’I !( !!,,.. \ .’: j!,$ ’.. :,1 I. ’; ii ‘., +’,
a 58x6,2 InSb array produced by Santa Barbara Research Corporation (S BRC). It was,,.,-,+:: ,,,’ ,, f. ) ,’: ....’ ,,” ) ,.. ,.
operated using multiple nondestructive read-out (Fowler & Gatley 1990) reducing the read

,.. i!. !:, ,), ,,, ~’,, :,~ ,., :’. , .’ti, j,,!‘{ 1, !,, ,,, (,: :, ;.,,,:

noise to SO electrons. An east-west klit with a 2!5 width was used for all observations. In
;,. ,,.,, . .

the K band iso minutes o{ cl’at,a”c;ntered orl’ Jia and [NII]~5S4:654S \verc o~tainecl through
.,

,,!, $,<l;’..,} ,,, .\,:.:; ‘,. ,i,},ti ,.:
variable thin cirrus. In the I-I band, 60 ;ninutes of integration covering [0111]5007,4959 and

,,, r :

1-1/3were obtained under photometric condition; \vith poor seeing. To obtain a better limit’
,,, ,;’

,.
on the HP flux we obtained an additional 5 hours of integration on the H band spectrum

,, ,,

under good conditions using CRSP at the newly commissioned f/15 focus of the h4ayall 4n~
,,

in November of 1992.
,,, ,.

‘The location of the object was alternated between two slit positions every 300 seconds,. ,

‘1’he first order sky subtraction a]ld dark current rcnwva] was achieved by subtracting the

average of bracketing exposures. The images were tllctl (Iattcncd using a dolne ilat and
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dispersion axis along the portion of the slit not containing the object. To remove telluric

absorption and instrumental throughput variations, ,observations of the F5 star BS4191

were interleaved with the object observations every hour. BS4191 was assumed to be a

6600K black body in the near-IR except iru’the region near Br~, over which we interpolated.

Wavelength calibration was obtained from a linear fit to night s$y emission lines in the

spectra. ~From the residuals of the wavelengths of the night sky lines the absolute accuracy

of the wavelength calibration, is 3A10-4pm, or ,40 km see-l. , !. . ,’:. # .[,!.!.: ‘)({,:“’ ~! J ~ ,!

!.4

Since our observations were~not’ all obtained jn. pfiotdmetric ~onditi~~s~ &ib&Vf#”’ ~ ‘~”‘ “””‘

‘“ ““’’;”10our flUX zero-poihts from ‘th#;Hi ‘Arid k batid @h&,o’tietrj presen~~d in S&lfer’,{et~&).’~(l~$l’)~j~~,~-~~ .,
.,. :

,! .:,,
J

,’,.,f... .f! ‘ii .~ ‘...:~:. ~ :’”. f ‘$.;+.::;
who give H=17. ~5 and’1<=16’.37 in a 3~’8 di~rneter’~ e{’{&e. I?ro’rnou”r H band Image we

., .>, .:i, . f“,(. ,,’
estimate that our 2:’5 s)’it’akcepte~ ‘O~2magmt tides l&is flux than” the 3!’8 d]ameter aperture

.’!’,>;:;+ ,>:,)1:,. ,,~,,t{:~l:, ,,

/<.:,.. ,, I,.!.~. !,!*,i i~,r ;. !.i!.-., $,, . . :: :,}“..
used by Soifer” et UL‘“we mezi.suie’ total emission ‘Iine’’e;quivalent ‘wi&hs in the ‘o~served

, .,:!,

f’ ““ .’.!’/’/’, “.. “ ‘! ‘?$~ ‘ :’.. ..”/’ ~~ ‘
frame of 0.14~rn ‘and 0.06~m in ‘t~e” H and ‘K bands. Thus, the hne- corrected continuum

.. .’ .,.,
magnit~des should be>’l?.77 (79pJy) ‘and ‘16.66 (110~Jy) in the H and ~{ bands ‘respectively. ‘

,,,

Given the quoted photometri~ ei”kop’ in Soif’er’ e~ aL’ and the uncertainly in; apertur~ ~nd
,’. ,.. ,. ,:, ,,.,

emission line corrections we estimate an overall unciita.inty of 3070 in our near- IR. emission

line fluxes. tVe present the two-dimensional H cand K band nea.r-IR spectra, in Figure 1.

The one-dinlensional flux calibrated near-Iii spectra are presented in l?igu~e 2h and the..!

line strengths, observed wavelengths, widths, and equivalent widths are given in Table

1. Because Ha was not clearly resolved from N] I we deconvolved the blended lines. The

fit was constrained by fixing the relative wavelengths of the tlvo [NII] lines and fo]cing

all three lines to have the same FWHM. Figure 3 shows the result of the deconvolution.!., ,! ., ,. /

our measured rest-frame ecluiva]cnt width of 174+4CJ~ for ( lle HQ+[NII]6584,G54S blend

is significantly smaller than ti~c 700A200~ value reported by Soifcr Ct al. (1991) for the

Il]lrcsolvccl blend ill their lolrer resolution .spcctrunl. i\ reanalysis of the Soifcr c1 al. data
&

I“io\vyic]ds all cquivalclll. Ivicll1) col)sisf,(;l)t wit]] the Valllcs rcl)or(r(l IIcl’c ({;. IYcug(?l)allcr
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1993, personal communication).

Recently, Clements et al. (1993) have presented Fabry-Perot observations of

FSC10214+4724 at Ha. They report aflux, for what they argue is just the H~line, of ~~
.!

1.3x10-14 er~cm-2 see-l which is nearly’5 times larger than our observed Ha”flux. In

conflict with the Soifer et al. (1992) imaging of the Ha emission, Clements et al. argue that

the, Haemission isextended over aregionof 1:8. Our wide slit would have contained all of

2.2 Optical Spectroscopy!

An optical spectrum of I?SC10214+4724 ~ras obtained on March 4, 1992 (UT) using

the Kast spectrograph on the Sha.ne 3m telescope at Lick Observatory. TIJe spectrograph

has two channels fed by a dic.hroic beam splitter. 130th cameras use Reticon 1200 X“ 400

CCD arrays. The blue camera was used with a 6001 mm-l griim giving 1.S.A pixel-l
,.

covering 3200~ to 5200~. The rcd channel was used with a 300 1 mm-l grating giving

4.5A pixel-l from 5200~ to be)ond 9000~. The object was observe(i for 3600 seconds ~~itll

17w1-1h~=2°seeing and solne cirrus. F]ux calil)ratioll tvas nlaclc rclatii”c Lo obscrvat,ions

0{ the spcctrol>l)ot.ollletric S(alldard lIZI 5 (Stol)c 1977): wllosc pul~lisllc(l flus Valllcs l~erc
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extrapolated for wavelengths longward of 8370~. A standard atmospheric extinction

correction was applied,; and telluiic ‘absorption bands in the’ fed s’pectxkm weid’removed ‘
.. :,.’ ;. .,, .

,.
using a fit to the continuum of the neai-by ‘star A’ (in the notation of Rowan- Robinson

et aL 1991) which was also on the “slit during the observation. This recovers the CH]2326

emission line which is otherwise “obs~ured by thq atmospheric A-b,ad. Because the optical

spectrum was obtained in non-photometric conditions, we have resealed its flux to match

the magnitude measured in the Gunn r image presented in R.owan-Robinson et al. (1991~’ ‘“ A:”~ “

Wavelength calibration was, achiev,ed using ,spect,ra of Neon., ap~ H.eHgAr Cali.b,ratjon lamps, j {.;j

and verified by, cornpa~ion -w~th njght. fi~y ernissiou fe~t~rest.,;~,e, s~,pw OU?;yj@l$Fspe@Uw ~,~*T ~;.;:’,,’,
i,,?[j$$ #$,..7..,.,,~;,,,- - ,,.. ,>.:..., ! ..., ,”,, ,, ,., ..’lf(”r.:;’, +.,.:;:.<~,‘. ::

in Figure 2a. The fluxes, ohser~ed wavelengths, -widthsl and, ,Squivalsgt, ,widthwf@w; i,; )}>’.“~yj,!i
,,.:

,,(,,,

strongest lines are given in Table ,1~:,W? notp, th,at the reds,hif} deriyed from ?t~?.W@l-~ ;] i,n.i, il{ i:7

detected UV emission lines is z,= 2.283 + 0.0015, i,n good agreement withthe, res,t;frarne, ~lo >. ~~~~T

optical emission line redshift (from Hex, [NII] and [0111]) of ;z{,~ 2.284 ,*.O.OO1O,,but ,:;!!;, i ‘ ,,’,:.

somewhat lower than the CO redshift of z =, 2.2856 A 0.0003 (Solomon, Downes,& Radford ~~i. \ ,

1992). We return to this point in section 3.1 below. I ~ . . “ ~~~ ‘ . .
,<

2.3 Ilzjrared Imaging and Polai.im.etry ~. . . .

Imaging and polarimetry’ ‘in the H ballcl ( 1.6iJ]n) were obtained using the KPNO

.,

infrared imager (IRIM) at the f/t3 focus of the Ma.yall 4111on the night of M~I.ch 15, 1992
,.

(UT). Once again the sky was covered with thin cirrus. The IRIh4 detector was a. 5$x 62

InSb array manufactured by SBRC and the pixel size was 0~39. A rotating half ~;’ave plate

followed by a fixed linear polarizer was placed in front of tile dewar window to measure

the linear polarization. With the half wave plate at position angles of O, 22.5, 45 and 67.5

clegrccs, twelve images of 120 seconds each were taken at slightly cliffcrcnt, array positions,

givi]lg a total integration ti]ne of 96 min(ltcs. l’irst order sl;~~subtrac(ioll and dark current

removal were achieved h-y su blrac.ting OlIe average of t hc brackcti ng images. ‘1’hc il])ages
-

Iv(:rc 1,11(:1)jlat,l,c]ld usill: a Inedia I) sk~. (1:{1collslruc,lwl {roll] l,llc data. IJliittcllml IIlla:gt.’s
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were replicated into a 116x124 image with 0~2 pixels. The replicated images were registered

and averaged to produce the fip~, image after applying a 3U pixel rejection. The final image} - , ,,“

with a PSF of FWHM=l~O, is presented in Figure 4. The total polarization, measured ~. .-’,

in a 1!’6 diaqeter aperture is 3.2+2 .0% aftck correction for statistical bias. We take a , ~ , ~,

conservative 20 upper limit to be P“ < 770. The ,nearby bright sta~ A was also measured in ~,..

all images and found to be unpolarized (P < 1Yo), implying that instrumental polarization, ,,. .: ”,;

is unimportant. , .+ .,,:,’ }l\~C;~j-/{.~:t’>}~I’ ,, :.,’ ;1:, (, , ‘1, , ,~1. ‘(V,’* .)/r:!}’$.,,J,~:itl ‘>J;t

To test for’ variability,we ~gairi imaged FSC10214+4724 3,{ H on’ Mdrch 3/1993:~u#s2r!’~i5<i$’~1’

stop and 0~’6 pixels.’ A total of f?d s~pa~ate onk minute ‘ex~oiures’ $$ere taken” ‘with the’ 1‘~ ‘““’~~‘]{)’)‘

telescope offset ‘a ‘short ldistanc& between exposures. ‘The da{a ‘w:&ireduced as ‘above.’ “A~{: J‘t”i“’”’”’:
,,

there is diffuse emission ‘nea~ ‘FSC1021~+~724,’ great care rnus~ be taken -in testing ‘forfi; i”’ i“-”F’ “‘

variability since seeing differe’n’ces”’hill cause’ varyihg”irnoun’ts of the diffu’se light to” be ‘i ‘ !‘I } ‘‘

included within an aperture. We rebinned the H “band irna@’taken in March 1992 ‘to’ th’e””~’ ~‘“;’
,

same pixel scale as the March 1993 ~dat,a, then convolved it with a ,Gaussjan to match the

seeing of the 1993 image (F WHM = 1~4). We chose to make a. d ifferent.ia] measurement
!: .,~,i ;;, ,., 1!>:1:4. ,i. . ,, :!, ,:1, ?ji; -:, ,

against star A to remove uncertainty in zero point determinations. FSC10214+4 724
,-

,’,

was 1.56+0.01 and 1.40+0.02 magnitudes fainter than
,,

respect ively, as measured in a 2~’4diameter apert we.

.,, , 3. DISCUSSION

star A, in Alarch 1992 and 199.3
,

,’

, ,

3.1 l17nission Line Ckwi.ficdion ,,, , !,~i: :l;

Our spectrum of the Ho emission has higher spectral resolution (llaII that obtained

I)j’ Soifer ct 01. ]99] . we determine line wicll,hs of lr\l~[Ihl (lla)=800+2(10 kln see-l al)d

lp\T~lIN’1(O1ll[.5007])=1200+200 kln see-] after dccol)f”oll’il)g llIc illstrulllvlllal lil;c I)rofile.
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The forbidden linahave roughly thesame width =thehydrogen recombination lines. This

would appear to rule out the specific ‘dusty QSO model ‘with AV “&1.5 put forward by’ ~;$; ‘“

Soifer et aL (1991). Such a model remains possible if the broad line region is so heavily ‘

obscured that no broad lines are easily visitile at HCY.However, such a. model is not well

constrained, simply reqtilring Av >”5 for a bror@ Ha line similar,, to that’ in the luminous ~‘’

z = 2.2 quasar 1225+317 (Hill, Thompson& Elston 1993) to escape detection’ with the S/N “
,,, , .,

ratio and resolution of our H& ’spectra.’ “:”: ‘~ ‘ “ ‘ ‘~ “ ‘ ~i’ ‘“”/:’) “{1.’./

:, ... ,. ‘,’ .,’J,’;! <) > .V!,,! .)i~.;~;, ,: -,[. :& ..,? .,’; f (’1”/ ,; /,!l,,? !J{ { ,J:t,i;/:fE,
The ionization’ and ‘excita~on rn~ch~isms in emission-line objects can be discerned

‘,.,. ,. :,., ,,,-’, ;.’,. ,. I,. ,J ..” “J .1>,.; ~.,:~ld.)~.c>i~- + ,!;);Z
from either detahed ‘~rnparison with ionization; ,~rnpu~at~ons or .~ith,~,wo ,dimensio~al’linq, ,.:,i~.i~:,,-;,,

. ; . .~, ;);j:’.

;. .,,, ,’, !’},!$ f, ‘.:%’;$ ,.,.~’; ..:! f ,.,t,i ,“,~[ij:}.. :,’:0;:” 1~.! ‘.’!’”> :.t~. +“
,:,~’,f:)+< ...

ratio diagrams (e.g. Baldwin, Phillips & Terlevich 1981; Veilleux & Osterbrock 1,987). Both
f?):,:;, :. {..,. ,,>,.. ‘if,l(~t},l,’,::.];; O,’’!!if ,:; };.{’ ~.~l’f~j’.’:?J .{; , ii!:,tl!![;.i~([ ,), !:

approaches are useful, and’ the’ line ratio diagrams involving reddening insensitive pairs of
‘,...,,.:,,f,, ., !} ; ;),.:.:,, ~!~f; ‘.;~ji,j.t?’i..:;, ; 1’ ...< ;,!,1 j[l~,,;ff~ ! I)[f; f I([j, (QJlfL~t)j’j

lines are particularly valuable in this instance. The line ratios derived from our near IR ‘
,. ,, !: ..:,! ‘. .,.’ .,l-n:! ‘ ,j ,’ ,! ’.: ,.: ... ,

1.05+0.20 and [0111] 5007/14/3 z 20 (30 upper lir;~it on HP) placespectra, [NII]6584/HQ =
,.~ ! .:i, ;. “.:. ,, \.I..’:;

FSC102’14+4724 firmly within ‘the locus defined by the Seyfert 11 ga~a.xies in th~ diagram
,, ~, .[ !””:”. ?),~! ,,J l.’:;,}’ , . $’ .’,:.;fii’),i ‘!’; i <: “ ::’

shown in Figure 1 of Veilleux & Osterbrock ( 19S7). The rest-frame optical emission line,+ ~4t ... . /,<.<,.’,.. ,:., ’:,’. .,~,. .’4 ,, ! :.< ~ ‘{
spectrum of FSC10214+4724 appears to rule out classical HII regions as the origin of’ the

,,,’ ... , ,1.. ;,, ,,, .,, .“,
observed narrow lines. In particular, the ve~y St~OIlg emk.sion of [0111]5007 relative t: 1-1$

,, , ,,, ,,. .,,,;:,~“.
is not seen in even the most metal poor star formation regions. ,. ..,,

The rest-frame UV spectra. presented here and in Rowan-Robinson c1 al. (1991, ~,

1993) show features that are characteristic of gas plmtoionized by a fairly hard spectrum.

The strong emission lines from highly ionized species (e.g. NV1240, CI\~1548) are clear ~

indicators of a non-stellar ionizing source (but sge Terlcvich c1 fL1. (1.993) and references ,

therein). As first noted by Rowan- ltobinson et al. (1!)91) the (JV spect.ruin (with the

exception of the extremely weak Lycy line) is y~litx: similar to t]]ose of pmverful radio

galaxies (e.g. $pinrad c1 al. ‘19S5; McCarthy 1993) a.1)(1to NGC 1,.(MXI(Snijders ei al. 19S6)
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modest densities in the line emitting gas} since the critical density for this transition is

N 104 cm-3. The relative strengths of the, UV lin~, excluding Lya, are well, reproduced

by photoionization of a low density gas by a v-~!,s power-law with an ionization parameter

of ~ 0.02 (Fgrland & Netzer 1983). Star ifbrming galaxies at the present epoch have

distinctly different UV spectra. In general they do not have stro~g emission line spectra

in the UV (Rosa et al. 1984; Hartmann et aL 1988; Kinney et al. 1993), but ,inste+d show

CIV and SiIV absorption. Lines of CIV1548,1550, HeII1640. apd,,$X~]19~9, are,seen in , ‘ ,,

in radi~ galaxies and Seyfert II galaxies, and are much broader, than tl~os,e expec.te~ ,for a, .,<.!,,, ,, ... . i: ;;, , :; ,;:! ;,,, , ,, .,’ ,, ,,. , ,,“)’::’;:’ ‘,,” ,: . ~~ ,!,. ,:,.
star formation region wher;’ the line widths are set by the gravitational ~)ote.ntial of the

1. :;,,, ‘$,,, ,, .’. ,. ,i.r:,, ,:), ,, ,! ::.,’;’ !l’ .’..

galaxy. It is also interesting to note’ that all’ of th~ ‘w&i&.tdd visible and UV emission
., ,Iii! ,. ,: ‘1{’ :’:, ~ ‘! ‘

lines, obscrveti Ivith se~:er;~l different instruments and at different times, gi~e significantly
,. >.. ,,, .!, ,!.!:, t, .

lower red shifts (z = 2.2S3) tli[n the C() obserl;ations imply (.z = 2.~8~;~’‘~rown & val] cleII

.-

Bout 1991; Solomon c1 al, 1992; Radford 1993). WC have no model for this efTect, but wc do

make two suggestions. First, systematic shifts of emission lines arc noted in olhcr types of

AGN and are usually associated with either bulk outflow or infall coupled with extinction

(e.g. Espey et al. 19S9). ~In this case, the CO line may give the (rue systemic \“elocity

of FSC10214+4724 while the optical and UV emission lines “are systematically shifted by

bulli motion and obscuration. Alternatively, 1WC10214+4724 COUICIconsist of t~vo or more

ol>jccts lvitll non-zero relati~’e velocities, one 01 whicl] harbors tllc AG:X wliilc t Ile other is

associated ~vit.h the observed IIIolwular gas. I
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3.2 Reddening

Theenormous far-infrared luminosity of FSC 10214 +4724 implies alarge amount of

thermally emitting dust. Here we discuss our measurements of Ha, HP and Lya to place

limits on thefreddening of the narrow lineir:gion in FSC10214+4724. For this discussion

we will use an upper limit for the flux from Ly& at z = 2.283, although as we note below

(and as seen in the spectrum of Rowan-Robinson et al. 1993) there is weak emission, at a
,,) :,,:(,,, ; ,! :,:

discrepant redshift, which may be the red wing of Lycr.
;; .,. ,,, I

!,... !; ,., ,<;.!{,.,.-;(1 .{; ;.,.:: .: ;,,,.<, ..!; ,:*, i y.,t~}$1?fi[! .*,l.,{,~‘{t) ,, ,’.

Ha/I+@ ~ 20 and Lya/Ha <0.1 based on 2a limits to H@ and Lya. For a simple screen
., /i,! :;: !>:..,.il~ “J” ,,.{, jj,):,,.i; :, ., H’

!i,’’:-’~”~” ,,)., ,. ?.. .“. ,.
model th’is Ha/H@ ratio implies Av > 5.41 using the visible-ligh! galactic red$ening c~rv,e.::,..... ,.,., ,., , ,, (:.:.,,!,,, . f) .,. ,!,,, ;’,,”,’ .1 ?’ !.,’.
of Whitford (1958) as pararneterized by Miller and Mathews (1972). We emphasize that ,.,

!)!; : ,,, ,.. ,, ...;.,.,t:, , ‘ ,., ,, ,,!” i! ...,+

AV > 5.4 is hdy a lower hit to the extinction for several reasons. First, H@ has not
# . . ,,, .i ;},..,,:,, 7, :.!.: ,’.

been convincingly detected and may be weaker than the cluoted upper limit. Secondly, this
.: !(, ,: ’,, ‘ ,. .{

,.
amount of extinction implies that the source is optically thick at Ha and we may therefore

.,, ,
only be seeing part of the narrow line region if the dust and gas are mixed in the narrow

.,
;“,

line region. Jngene;al, models where t;le extinction is no~ a simple screen (e.g. Witt et

al. 1992), as we shall discuss is the case fo~ IV3C10214+4724, the differential extinction (tile

relative change in flux at different wavelengths) underestimates the actual extinction. :.

The upper limit on Lya is consistent with this amount of redclening. With a galactic

extinction curve (Seaton 1979)j Ly~ would be extincted IIy ~ 17 magnitudes, and with

an SMC extinction curve (Prdvot. et aL 19S4) it WOUICIbe extinctcxf bj” 224 magnitudes.

However from the extreme wca.kness of I,ycy relative to NfT1240 it scenls clear tl)at a simple

screeIl model is inappropriate to describe tllc extinclio]l froll] tllc U\r (o tl]e opf ital. ‘1’llc ....

.
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FSC10214+4724 is typically -20 (e.g. Ferland and Osterbrock 1986; McCarthy 1993). The

weakness of LyQ in FSC10214+4724 could be due either to resonant scattering-enhanced ,
$,,2

destruction (e.g. Binette, Magris & Bruzual 1991) or a Lya absorption line at the redshift

of FSC10214+4 724 (e.g. similar to PKS05,2&250, Foltzl Chaffee & Black 1988). Although

our spectrum is noisy in this region; there app~rs to be an ernis;ion line at 4005~ which,

if it were Lycz, would be at a redshift of 2.294. This is about 1000 km see-l to the red of
,,

.’

the other UV and optical emission lines. This could be the red win of a Lycr emission line,, ‘
i’i; ,>( ( j:! .}”.: ,;:., ,. .;] ’i’,”’i’). $<*:.1’i ~ ‘:i :’,.

that has either had its core destroyed by resonant scattering or absorbed by an intervening’ ~

r); } l);ir i,, }l t-+l;::~({.,i C.
!,,.,,!1 j (! “ “ Qtf’f:\{,lf:~!1‘iK*’{,Jh{!I fff~ ,::- .,.,, ,

The strength’ and relatively flat shape of the UV con~~~uum arid the UV line ratios,also
, .i!+ij{.~;~;i,,;;,’~>;. t.i, ‘dh Z!’” I.<; III ‘Ji;~”\ ‘ii”!‘:.’f;~i.:~-i;-:.;’’l”(” ‘..?! ,,, ,!, ,1!, :,:

argue agalns~ a simple screen model with a large Av. Application of a screen reddenin
.!, [, : ~ ;,};,!,’/ I:,,,,’, ,!~, .{! : .,,.,. !,),’~,i , ;;., ‘,”

xi’ ,.,,, !(
correction to the continuum’ colors assuming’ Av = 5.4 and a galactic ,extinction ,law

,., ,. .,, ’11.,’, :.:*!:” ,,L, ‘,”,,
(Seatori 1979) changes the’ ~“:- ‘‘ ““ ‘; “’

.:
K color from the observed 4.5 to ,an inferred intrinsic value

,/ ;,,! .>. ,,<,, .;: ,,f;l !: ;,,’ ‘1’, :,.’’: ~’.’ ‘?’”,
- –4, leading to an overall spictral energy distribution that i! ;s~~ongly rising toward

,,,, :, ,,, ,,, ,,,:,[,(.(.[,,<,, /,!!’,’.:’ .,. ,;, ,:, ..,,~,, .’

bIue wavelengths in FV units. Nearly all AGN (i.e. QSOS, Seyfert I, Seyfert 11 and radio
i., , :,. !: ,:1 ,,.,, ,1 >..’

galaxies) and stellar populations’ hav~ ~o~lti~lua t~l:t are :i’ther falling from’ the optical’ to, ,, , ,
., ., !....;. ,,.

,i .’,’!’ ‘f
,’

the UV or are roughly fiat in F’ units, although objects domi~mted b~~dust scattering
,,

can have spectra that axe strongly rising in the near- U\~ (Tad hunt,er ei al. 1987). Thus,

no AGN or stellar population reddened by a simple screen Inodel fits the spectral energy

distribution of I?SC10214+4724. Geometries that are more realistic and include intermixed

dust and emission regions with scattering pio)kn-ly trcited usually- l~roduce less reddenihg of

the spectral energy distribution (\Vitt et al. 1992, Rowan- ]tobinson ef al. 1993). There are

several scenarios which can reconcile the large reddening indicated hy the Ilyclrogen lines

ivitl~ tllc blue color of ttie far-U\’ (I~UV) colltinuunl. ‘1’he obscuring material n~a~~have
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extinction in the FUV, but sample a wide range of optical depths at longer wavelengths.

Alternatively, the continuum may come from several sources intermixed with dust. The

strong polarization of the FUV tintinuum (Lawrerke et al. 1993) and lack of detectable

polarization in the rest-frame visible sugge.sf.s a’ different transfer path for the UV and
.. .

visible continua. We may be sdeing the AGN directly in the rest-frame optical, but the UV

is dominated by nuclear light scattered, and possibly reprocessed,. by an anisotropic screbn

(Lawrence et aL 1993). The similarity between the FUV continuum shape, line rat(os, ‘a~d:” 4 ‘;

fractional polarization in FSC10214+4724 an~ powe~ful radio galaxies at similar redshifts

If we apply the lower limit .to the reddening derived ‘from lthe, Balmer decrement to the. ; q.,IL~

observed K-band and HCYfluxes we can derive lower ,limits to the ,unreddened K magnitude ‘. ~.i

and the Ha flux. The fluxes increase by at least (a factor of 75 so that the ‘unreddened’ K ,:,{:~‘~

magnitude of the point source is brighter than 12; com’p,arable to the! brightest quasars , : ?

at z > ‘2 and 5 magnitudes brighter than the most luminous’ radio galaxies at the same

redshift (McCarthy 1993). The corr~cted energy density at H (vFI, ~ 3 x 10-11 ergs cm-2) ~~ ‘

is larger than the 60pm energy ,density (vl?v = 10-11 ,,ergs m-n-2). Thus, reprocessing of the

rest-frame opt ical emission can provide the large observed far- IR holomet ric luminosity of

IWC10214+4724, implying there is no need for a large hidden power source. The Ha flux

increases to greater than 2 X10– 13erg cnl-2 see-l, recluiring 2x105T h-2 (q~=0.5) ionizing

photons per second. The required ionizing photon flux could be provided either by 3 x 107

05 stars or by a luminous quasar. If we take the bolometric luminosity of 1’SC10214+4 724

to be 8 x 1013LPh-2 (qO = 0.5) we find a ratio of the bolometric luminosity to the rate of

photoionization of 100eV/iollizing photon (4 X 10-~l’lL~ sex). ‘l’his value is consistent with

those produced by model star bursts with ages of a few tin~cs 10s years if no stars less

massive tllall 1 .110 are formed a]]cl tllc upper nlass cutoff of ~he initial nlass function is

1OO1\lo (Nlaloney & E]sto]] 199;3, Scovillc &, Soifer 199 I ). l~vc[l Ivitll this loirer I]lass c(llolf
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such models have star formation rates of about 104A40 yr-l, implying a gas depletion time

of 107 years, assuming there is about 1011Jllo of H2j and a 100% efficiency of ~nverting

gas to stars. Even with such an unphysically high efficiency of star formation, this gas

depletion time scale is implausibly short ,aQ it is much less than the dynamical time scale of

a large galaxy. In any case it is cl~r from the rest-frame opticalland UV line ratios that

star formation is not the primary source of ionizing photons in the observed narrow line

region of FSC10214+4724. ,.‘,, , #,., :1 .,., ,, .,,..,,

,, .’ !,, . 313 Morphology ~~~ ‘“” ‘ ~~ ‘.’~:-~] ~ “~ ~~ ; i; ‘ ‘I’ ‘ ~

,,
;.,;/,.!, ! .,, ,- (;;!?

In the course ‘of me~uring tl~~’H ‘band polariza~ion of: FSC10214+4724 we obtained~~. ‘~’ ~
,\,$\,’l!. *:>.-..,., .,;~:,[!/;;;

deep image of the source in seeing with 3?WHM=lf% :(Figure 4). Soifer ~ktal. (1992) and ‘J;’ ‘:~

Lawrence et al. (1993) have also prden’ted near-IR images of I?SC10214+4724. We talw~ j ‘IF ~‘ ~

a different approach to the analysis of our deel~ H ban”d image. ~W~ehave used the image’ ~ - ~ t :‘ ~“

of star A on the frame to subtract the’ bright point source component”of FSC1”0214+4724.1 ~~‘~;I‘ ~1~

Figure ‘5a shows the PSF subtracted H band image of FSC10214+4724. In~Figure51j we ~“ ~~~~:~

show the result of a similar subtra.ctioi~ for the Gunn r band image taken :by one of tis ~’} l“~i;;”-~!~

(P. McC.) with the Palomar 5m in 1!5 FWHM seeing, and shown in R.owan-Robinson ef ~ ~ ~‘ ~

al. (1991 ). In Ta,b]e 2 we present the H and r band photometry of sources near the point - ~

source component of FSC10214+4 724 assuming {.lle H and r ‘band zero points given in Soifm’ ‘

d al. (1991) and Rowan-Robinson et al. (1991 ) respectively. The zero point uncertainties

are about 0.1 mag for both bands. Photometry was obtained in 1~’5diameter apertures

centered on the same spatial positions in both the r and H l)and images and was corrected

using the curve of gro\vth of star A. Tile photometric error values given in Table 2 reflect

only Ll)e errors in relative phokmietry, not the systematic zero point uncertainty. We note

that i,he point source subtracts nearly perfectly in both tl)e opljical and near-l]? in)agcs:

implyil)g tlkat the dominant luminous c.ompol]mt of 1;’SC10214+-4724 is truly unrcsoli’d

(12\\; llM<O~3 at 1-1,<0~’.5at ,). \lic arc sm,sitive to 27 sl]rface I)ri,gl)t.l]css lei’els of <20.7
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mag arcsec- 2 at H and 25.2 mag arcsec-2 at r.

Weseeobjects tothe north and west of thenucleus, aspreviously noted by Soifer et
,. , .,} .,

al. (1992) and Lawrence et al. (1993). We also weakly detect several other nearby objects.,,:
‘1.!

making it appear that FSC10214+4724 remdes in a small group. Soifer et al. and Lawrence
,, . ‘, .’” .’

et al. suggest that this may be an interacting system of two or more highly luminous
,!, ,.

galaxies, analogous to nearby ultraluminous IRAS selected galaxies. Both assume that the
,,, , .1, ,‘! 4,.,, ,;, . ‘.,”:, .. ~,, ,, ,’!,‘:~~~’,, ,j :J ‘Y1.”,”(1 {,:}:..J:. i “If,.j

nearby objects are physically associated with the, bright point source. At the magnitude
. <./,,..,,, ‘!f.)’}?ll;(!,;li+:.~.)it.i .:..I,{.:’.,J.J.j i: l’f’i$ljf)i ‘.!,: { ] ;.:”;I;,}; I, I “,i{ 1 Q!;f,j.,’;:> !j~littt? Ji!it>,~

of the cornpan}i’ons (K’~18 assuming H-Kx1 .O}which is typical of galaxies With z > 0.4) .
,.~ tj j . ,,., :./,.’...(: ,., ~~[,~,,.’, ,’, :>.} ~‘.; ,’-4’:, ,’.!+~!i.~t.’.{.,~~~

deep field” count ‘surveys (e.g. ,Co,wie &”Songaila 1993) indicate~%fi~=, density ,of s .104i.,lyihjl;ijt~;~
‘),.,, ,’’. l’, ,?..:!; ~,1,,,, :~i J;J;,,:::;IL’:!.[, ~&>$!li’l::)j!jJt)?1’\. ‘,,’ ..;~’~)~~:~’;}”l;;i$c’’,,,, i:!~i’ ,,,~ ‘*”’‘

objects deg-2. This would suggest that the chance of ,a random projection, within. 2“ is
,:.

,,, ..,., “i:; ‘ !i,~i L “’ :Ji;lli J>”,i.1, ! ! , ,,;.j] ,J+:f\,<’\ ifi!$ Ii$ :,:[ J :Ji iii 8“’>17Wl:$fi q’+’ y#.ml

only about 1’0-2~’ H~wever, FSC10214+4724 was dr~wn from near the flux limit of the
> 1 .,: ,’ ,s’{.:,! ;).;!:”1.!ii:.’tt Y$d!tf. +,[1, :.; ;): ,:{.”i;!:l-i,’il.{”, ‘Ji:j’rlil(i( 1.3 i 1 .j.)i{~ 5(J ‘~J ~{$,fi$) d Oj f,

IRAS catalog. We suggest that the probability of projection may be enhanced by two ..,, ,, ,
)1.!.0.,!, : .:

mechanisms. First, the projected group of galaxies could cent rilmte to the IRAS” flux, thus

requirifig the projection for inclusion in}t’he ‘Cdaibg:’; This s;e;ir~;”’unl~kely, however, as the

companion objects are not detected, as radio sources, in the ,deep lrLA (maps of Lawrence’ -. ? ‘:~

et al. (1993) and thus probably ,do not contribute significantly to the total 60pm flux I ~~ ~I :

of FSC10214+4724 i{ they obey the standard ratio of “radio to JR flux” (Hclou,’ Soifer &’ ~: ‘ ‘

Rowan-Robinson 19S5). Alternatively, if the apparent companions are in the foreground,

then they might gravitationally lens the z = 2.3 object associated with I?SC10214+4724,

amplifying its observed flux so that it is included in the Faint Source Catalog. Lensing could

then provide a natural explanation why such a. seemingly low probability projection would

be found, since FSC10214+4727 is drawn from near the flux limit of the lRAS survey. A ‘

similar excess of galaxies near luminous QSOS has been reported (e.g. Stocke ef al. 19S7,

\Vebster c.! al. 19SS) ant] attribut,ecl to Iensing.

The 11 magnitudes of tllc apparent, companions (18..5, 19.3 and 19..5) are similar to

t]lOS(! observed fol’ ; = 2 radio galaxies (Lilly 19$!1, Mc(;autjllj’ 1 !l!Ll), \vllicll aw IIcarl~
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as luminous as brightest cluster galaxies at low redshift (Lebofsky & Eisenhardt 1986;

J14v . –23 for Ho = 50, Sandage 1972). It is unlikely that three high redshift companions
.,,.

would have su,ch large luminosities unless they are undergoing a period of very rapid star ,., , :

formation. T~is appears implausible, sinw” $oifer et al. (1992) find no strong Ha emission

from these objects, and they are not detected ,ZMradio sources by,,Lawrence et al. (1993).

The companions, are also redder (R-Hs4.4) than would be expected from simple models
,,$,, -,.

for an actively star-forming galaxy at z = Z.3~ and are redder than the FSC10214+4724 I
,, ,.

,’: -.,.,,, :,!.;, /,, ..$.,\:-. f. ,: .,i, .,:~, p!, .;,;!,, (l(; ,, ,! .,, ( , .,f ,,: +,. ~,jif” r;:. ~1.41 .,:.\jo ~:~..j!.:i’l\l

point source despite the latter’s large inferred reddening. The cornpamons’ magnitudes &e
,f :;’ ,.”.,,,{:t’y,‘i,’,j ‘,:c!’?,t kj ;, ,:1{,, .I). !.-’d ii ‘}~}lf]l[}~),!f.,?,;.;2 0 ‘!} ;(?X ] ?l-!otlit”.(~fiItx)J1..

appropriate, however, for~those expected for x L* galaxies at z NO.&l .0, ~_emding on the, ...3.
+{): :::.>“~fJ v f if? !1!3.1:); qti$w$ .’1”.* t t. ‘,LNMni;.( q%: I h ii ii:{ 1/{~r) ,4 ;$i ‘q&j. ‘.k”~.,=~\ yy?wl i~l?l,@#$* $jq$l,’,~w;$ ~~

assumed amount of lummoslty evolution. Their colors are also consistent with thoie,of .; ~
!;:,. ,; ..~.f,:1,’,i,: .;::,,ljl,l.’.i ,r, 1 “.+’ll!f: i ‘..:. l~”!’’~;l’:‘:: “’’”:(-~:~’~~‘ :, ,;3 >j:j.’>~~t!<

early type galaxies in this redshift range. We therefore believe that these objects are more/. 4,,., l~! , ):: ,:< c “’j
.,$.,.. ‘,, ,. ,. h’, !:. ; ~.!l,. .,,. ]:.)... ‘.’? J!m;lj: yin<

likely to be early type galaxies ‘in a’}ore~round” group rather than actual companions to the - ~‘
,,

J .; ..: ,“:>’, I’it ,
,1 ~. .,’ ::, , .,.,

,1’!.,,..
, .,:!,,.,! ,“ .,[l; t ..,:, ;:: y,.j{ ~

,:1, .1, , ,,

z = 2.3 object.
1,, ,,’.! ,, ~ j.::i!f,l,, ,,,~; “ ,,:.,.,,!.,.,,,. ., ,;:.,~;,.:’ !.:,,,,:

# , 3.4 Variability and Polari~ation ,, ,,,,! ,., .,:, ,., ,.,, :;(i; l

If FSC10214+4724 is a reddened quak.ar then ‘it seems plausible that FSC10214+4724 ‘( j ~” ;

should be a flux variable. The fioor consistency of published photometry of FSC10214 +4724’” ‘” ‘

(Rowan-Robinson et al. 1991; .Soifer et al. 1991; Law’rencc ct al. 1993) suggested the ( ;‘ ‘” J’~

possibility of variability to us, although differing aperture sizes, seeing di(rerenccs, and :

uncertainty in the zero points mean that no strong case can be made based on the previous

data. As explained in section 2.3, we carefully ‘matched the pixel’ scales and seeing in two ‘“

H band images taken a year ‘apart to make differential measurements of FSC10214+4724 ‘ ‘

against a nearby field star. It appears that FSC10214+4724 varied by 0.1 6+0.03 magnitudes !: ‘ ~ ‘

during the year relative to star A. This amount of 1{ band variability is not uncommon in

opticallj’ selected quasars (Neugebauer ct. al. 19S9). If variability is collfirnwd by Illrther

l-Ilezis~lrell~ellts, it could provide important constraints on the nature or FSC1 021 4+4 724.

.
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The decline of the polarization of FSC10214+4724 from 16.4% in the FUV (Lawrence ‘

et al. 1993) to < ‘i’Yo (z7 upper limit) at rest-frame optii%l wavelengths indicates that’ the
,, I ,,, ,, ,,.

optical and UV light originates ‘either in distinct regions “or take’ different p’aths betwe~n

the source and the observer. The overall str$ngth of the far’ UV polarization argues ‘a~~nst
,., ,,, .

;:,,,
transmission through aligned grains” ~ the mechanism for the po~ization. A similar trend

.,~,s,~i.’,’. ~[.1

. .. . !, :,,..),
of the continuum polarization increasing into the UV is observed in the Seyfert I galaxy

..’:;:

Mkn 231 (Sch,midt &, Miller 198,5) which is also an ultralum@us-.IRAS Soured.’ B.*ed ‘on! t~~ ‘

spectropolarimetry, Schmidt and, Miller concluded that the .UV !contifiuurn of~Mkfi *231 ~is”’:~”’‘~~?z‘-,.

The situation for FSC10214+.4724 is p~obably very similar to ‘that in Mkn 231 Ybut !M@$’2 ~.~~~~~~~~
.:”,

,,:i,..l.. ~,,::,,,,.1’’);,,j.,i& .: ‘,i

4; “ADDITIO’NAL’DIktiUSSION “AND smcu’iiiioii’ “ :“’”’
I.,

.,, ,., ,., ‘,; .,,~: ,:):
., .,, ,,1,,; .), ! ,., .{ . . ., $:: ,J>~;Y,’(

.!, {., :!.’4, :.’,’ !
‘i.’, ,’

The visible-to;UV emission ,line ,spectrurn, ,of ,~S,C10214,~4724, is siplil:a~.$o that ,of a ,. ... ~!!
!. ,. .,, .!,

Seyfert 11 or radio galaxy and quite’ unlike that of any star formation region. In objects ~
,..

similar to I?SC10214+4 724 with strong UV polarization, these types of ,spcct~~ ,are ,often ~ ~.,, ,,,.,,., ... ,, , .,

attributed to the presence of an, ac,tive galactic nucleus which is obscured ,from tl?e ,

observer’s line of sight by an asymmetric’ screen (.4nlo~~ucgi & Miller 19$5; Scarrott, Rolph

& Tadhunter 1990; Jannuzi & ~lston 1991; di Scrego ,~ligl~ieri et {11.19S9,1993). It WOUIC! ~

seem that given its large far–IR luminosity and low radio power, F’SC10214+4724 is the.,

radio quiet QSO analog of these types of sources. Indeql, tile dmcxldelled K magni},u~e of ,. . .’.’

the unresolved component (Ks 12) of FSC1 0214+4724 is as bright as the most 1uminous

QSOS at the same redshift. As argued by Soifcr C1 al. (1992), the spatially unresolved

nature of the Ha emission is consistent with a narro~v-line regiol] ol an A(; N but tlot tvitll a.

region of star formation. Also, both Rowau-ltobinson cl. al. ( 1993) and Soifcr cl al. (1.991,

1992) argue that, LIICcnergetics of I;SC] 0214+4 724 CaII lx: exl)lail]cct 1)~a <Iltasar cIIll)cddcd
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in a dust cloud with Av >5, consistent with our limit on the reddening. Thust given the,.

strong evidence that FSC10214+4724 contains an AGN which is obscured by an, ,~isdxq$c,.,,.;.! ;7 ..! .
screen and the lack of any direct evidence for star formation (i.e. stellar abiorpt ion lines

associated with hot stars or emission, lines ,Asociated wjth star formation regions), it sj~ms., :,- ,}1

inappropriate without more compelling observations to consider FSC10214+4724 to ,be a:. t.

source dominated by star ,formation (e.g:, ,a forming galaxy).
,, ,., ,, ,.

Undoubtedly FSC10214+4724 possesses a large amount of rnole~ular giis;;.perhzips: J ~i:” ‘ ~‘

as much ak 10?l h-2M0 based ion observations’ of multiple tfan;itihns of CO? @ol@~’on:~fi~’-){l~;J; ‘:”~~

few arcseconds, allowing molecular rnass estimates to be .consist,en~ ~~itll,(l~~sl~hap or equal
:,.:!,;at’;’//,,,~ /,,:. {’,: ~. i.~!.”.” ;. ~’:

to) the’ dynamical mass inferred from the linewidth. The ratio of bolometric to CO(l-0)
,,.

luminosities in FSCl~214+4724” {s ‘appr;xi’rna’tely ‘3000; ‘assurni~;g ‘C’0(3-2)/CO(l~ O)~l~” ‘. ‘“ ~
:;

Galaxies in the Sanders, ‘Scoville an’d Soifer sample with bolometric lunlinosities less”’tha;l”
,., ,, ‘,. . ,:. ,

,, ,, !.’., :,:,:) !’”..,,. . ..
N 1011 Lo tjpical]y have valtids “of ‘this ‘ratio ‘of oid~; 100. IJor galaxies’ tiith luniinositii5

above 1012L0 this ratio is usually three or four’ t irnes larger.’ (
.,, :,’

The lilost Iumi nous galaxy in

their sample, Mkn 231, also has the largest ratio of bolometric to CO Iunlinosity (1000).
1

Thus, while the value of this ratio in FSC 10214+4724 is much larger than is seen even

for the highest luminosity galaxies in the Sanders et al. sample, it does seem to smoothly

/L~o with bolometric lulninosity. In particular, it is
,,

extend the trend of increasing Lb,,l
,;

only three times larger than the ratio seen in Mkn 231, th(; highest luminosit~’ gkla.xy
,,,

in the Sanders c1 al. sample. !lle increasing ratio of bolometric to C(J luminosity \vith

larger bolomet ric lulninosity can I)e straightforwardly iIlterprctecl m a sl~if~of tllc dolni llaIlt
\

cIIcrg:” source from]nassi~-e S1am to ‘M active galac(, ic nucleus, as S;lll(l(’1’s(’/ d. Sug!yxt.

.
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However, this conclusion must betempered byourgeneral lack of understanding of the

interstellar medium at high redshifts (e.g., cloud properties and the degree of heavy element

enrichment).

As in otl-ier “radio quiet” quasars, th~ ~xtended radio emission may well be due to

disk star formation (Condon, Gower and Hutcliings 1987). Lawrence et al. (1993) and

Rowan-Robinson et al. (1991,1993) suggest that the radio emission results from supernovae
i ~ f. “. ‘. ‘“~: “lt~.’l.’ 1 .) ,, ., ,; 1,,,s ,, ,.,,,.? d

associated with a massive starburst. We can compute ‘the ratio of far-IR luminosity to radio
$? “!,.i.[!; ,(.,! ‘:’: 11~‘:/ci’ f..,,:. ~ ‘~~r~,l,.)..i.,~,i~$:it)’.. :!.+ .::, - ~! !~~:{,~~..f{:,.,;l; ? ~,’~’~J .-:,~~.’l</.’Iii.,

luminosity by taking the standard flux ratios in the proper rest-frame bands using data . ,
,..:, .}, J. ,.? 4):. “..’’.;,, ‘:( ~~ ~ ;’ ~~.1! ;.’. ‘ “’;’’;; ’’’’”’’’’’”l

from Rowan-~binson et al. (1993,) :,,S(60,,prn)res~;.y,,s(200 pm)+ =. ?~~~.~~~o?,yi~rn)rest ~~:.~i~~~~~~~~. . .,. ,,~,,,:.,: ,. .,. :;; t,.) “ $1:.;’.l’i:xf:,! ,. ,.:, >,,..{:<: ;. .,:,!,,,,,,. ~;?,:,.
= S(330 ~m).bs S 250 mJy; ‘S(l~4 GiHz).,st = S(0.4 GHz)06s = 3.52 mJy. We compute

.,‘,.,.;~ ,, ,.., ,,., ‘J!i!“!~”;? ,.~. ,<.l:,,.!,!-;)\.’. .:;.{’1.:,’ ,’ ,.. . .} :\I,’‘?,’,’:~!1}i::! :’!!l, !i”}

q=l.9+0.3 which’is the log “of the ratio of bolometric to radio flux using the ‘method of
!. ,,: .,j”j) ~).! , ..i:z ‘:;’. “~:1“. ..~z[i[!,J.1. “f.. ,.; ,.;

‘i fil, i.. I :.: i-h:;):+’q; !?.’ . $1...>...

Helou et aL (1985): This is very’ nearly the Same M the value found by Helou et af. for ,
:,. , !’..’, ,, ,’}.; , ‘. ~ :.;If> ‘: ; ;.. “‘~

star forming disks and nuclear starbursts (q=~~,14+-0. Ii) “or the large ~adi~ sel~~t~d simple., ..,,. ,,, .,. ... ,,, f.,.,>. -,’’.::):1 :“ b’
of Condon and ‘Broderick (1986) (q=2.35~O\30).t: {~l~ile this shows that I$C10214+4724

‘ ,J<!]; ,, .,,., ,.. , f

has a ratio of “radio to ‘IR flux similar to” low ~:edshift IRAS selected galaxies, the ratio of
.. :”’.

<t ,. ,,,,, ,., , ;,, ,, .,, ,’
radio lulninosity to bolometric far-IR luminosity is s~’l;lilar for both ra.dio-cluiet AGNs, star

:, ,, ,,.

forming disks and nuclear starbursts (R.ieke 1’978; Sopp & Ale~ander 1991). Thus, tile radio
,..

,,
emission does not help to differentiate the cent rihution of the AGIN and tllc star forma. tioll

.

to the bolometric luminosity. Brown & Vanden Bout (1992) claim a tentative detection

of emission from the fine structure cooling lines of carbon suggestive of photodissociation

regions in dense molecular clouds exposed to the UV radiation field of a hot stellar

population. If fine structure cooling lines are c6nfirnled it WOL1]CIseem likely that part of

the large bolometric luminosity ‘of FSCI 0214+4724 is due to star forn~atioll.

Tllcrcforc, \\:l]ile FSC10214-I- 4724 clearly l)arlmrs an AGN, and possil)]j’ aclively s~ar

foull]ing regions. tl]c relaLive contributions of tl)esc coml)oIImts 10 its Iarfy Lmlo]m(ric

[lIIx is unclcdr. Its large ~ar-



. .
.

,.
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presence of both an IR luminous AGN and rapid star formation. What is evident is that

the rest-frame optical through, U,V emission of FSC10214,+4724 is dominated by emission

lines usually associated with AGN, and that star formation is not the dominant source of

photoionizat~on in this object. Given that WLobserve no spectral features attributed to star
.,, .>,,

formation in the optical in UV, it appears that eithel. star format}on in I?SC10214+4724 is

highly obscured while the narrow line region of the AGN is not (a rather difficult geometry)
$, ... ,f:~

or that the AGN (rather than star formation) dominates the “large luminosity of this obje~t. ~
jj i,:,!,.,, ,>, ,:1.’’,’. ,“~:’~.:.),;; !..Jo,,;,;:/); , ~., ,’/’ , ,, ,. ,,, .,;.;.,;::; ;, :,,;l-.~.” ‘,’,’/ , I -

Many of the unanswered questions posed by this’ object also apply to the local ,far-IR
,; i]: ;3,! !>i~if,t[,’’.,i .}$q~~q :>(/j jli ;30,{$J’.”I>.f’!: \.,iF,iJ(i.!i,c. !::!J ~~mi~;i ~ ; y!i<m!kl:’i

luminous galaxies. ln nearly all of its properties, FSC10214,+4724 appears to be simply an ~ ---
,!t’i~ *.; i ( (“v%J@)i;: ;( ?wql’j {&k&aM#w@##,gm?%4~:?: ~4i , ..: 1P..!~i,,; A~(t ,q .J-l1if.~t?~’ ‘~@ && flf$k 4;$ )}fi,’$~i.bi~tt

extreme example of the far-IR luminous galaxv phenomena. If these local o’bj~~ts are’ dust ‘..,, 1 .,,., . . .,, .i.~..::,”.!. ::.,,:,,! $’‘/; )”}.{;’;:2 .th:,,(:i\’: , : ; ~’: ;.;,{,f.l)~,:,f{. I ~j,,(fflq Of f):), .. .

enshrouded quasars (Sanders et id. 1988; Sanders} Scoyi~le,& Soifer 1991; Hines & Wills
...f ;’ ; ~~;’, S,f’,.j,; ,,,~ .,$ i, ::,*T!.)’11;;[ i{:lidvi 1:.!1.+:;4, j’.:. , >.’1.,,”::s.{3, ..” . ; ,

1993), the greater luminosity of FSC10214+4724 may be due to the observed, luminosity
:<l,,,t ,: ~.:: ~ i’\ ‘,. ..” ‘ [’I’,:+ ‘~:{~ “;! “ ‘ , “i{ f -f~f~:;~~ ~ .i’ ““ 1 ‘(<’’K’:’~;

evolution of quasars between z = O and z = 2 (e.g. Boyle et at. 1991). Furthermore,
,., ,:. ., <.:.,. .::l.jf, :.’ : :. : -1,”,.,, ,f: .; .1’ - , ),. . >?<i:’,,

the coincidence of a group of objec~s’ n~~r; F’SC10214+4724 may enhan~e ,itrs app$ent”
.. !!, ,. {. !,●,,. ; ‘ ,: ,.’,!”.’ ,,!, ,,, ,,, .-;”:.

,..’ .,, ~ ,:,
luminosity through gravitational lensing, reducing the required extrapolation from today’s,.!. ),, ,., ,., ., f: :.,::,;}, .4 ,;, :” !,.1 it,’. ‘ii “., j ,!
ultralurninous gala;ies. While FSC~021 4+4724 is an unusual object by any standards, it is

,,; ,, ,. :.,.. ,4,..,, ,, .,.,.>:: ?:’,
perhaps not, as unique”or unexpected as it seems at first glance and dots not, represent a.,, !., ,,,:., !: .,’ , .. ,’, !,.’ ...!. ,:.

new class of object bu~ is very similar to known ultraluminous galaxies detccte.d by lRAS.
,.
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Figure 1. Two-dimensional near-IR spectra of FSC10214+4724. The H band spectrum ,.

which includes H/?, and [0111]5007~4949 is on the left. The K band spectrum w,hich includes

Ha blended with the [NII]6548 and 6584 lines is on the right. The pixels are 0:’9 by 17A
.9

with longer Wavelengths toward the’ tight Ahd etit up. While continuum and the [0111] ‘ “‘ ~ “ ‘ ~‘

lines are clearly detected in the H band, there: is no convincing ~tection of H/3, implying

a large ratio of [0111]/H~. In the K band the peak of the [NII]6563 line is nearly equal in .,.‘.;

brightness to that of Ha. These line ratios are similar to those seen in Seyfert II galaxies f
,, .,, /: ,; ;,, ;),j,,,. , .); ,%I;,:’ : “) , ,:;, },;:t:j~ij:~ .!.:. ‘,,’\,.i..~ ‘.i. l...$i

at low redshift and are very distinct from those of classical HII regions. None of the’ line ~,.i I,$

emission appears to have greater extent along~he sht than the does the continuum
. .

- ./ ,..,.,.. ,
spatial resolution. ‘ .~~:’ .7:, .’! ,.! .~ ,::” .’ .?

,,., j;: .Tj’/,:,,;.l{“/ 9
.!.

.:, , ,., ,: ,.~,’; <~ ,!,/, , ..:
Figure 2. The UV to red spectrum (in the rest frame) of FSC10214+i724. The’ i~~ “‘ . ~

,.

spectrum is dominated by: high excitation ‘emission lines (W, CIV, HeII, CIII) “and [NeIVl j ‘:.~]kd.~
. (f

.:;’;::..,..
charac~eristic of Seyfert II galaxies rather than star formation regions. T~e, rest-frame ~. “’~

;..

/, ,..,’i; i ‘.’! ,A ,,:,! ,i,$$$,{;”

optical region also shows a high excitation spectrum characteristic of Seyfert II galaxies
.. ,-,.”-.!. ,,

with [0111]/H,0z20. Such Seyfert 11 spectra are ;e;y comnion’ among ultraluminous’ ~RAS ~ l{tii~~,’

selected galaxies at lower redshift. Tl}e high extinctim) inferred from a ratio of IIa/H~z20

seems incompatible with a simple screen model of cxtil]ctioll given the strength of tile UV . ‘ “~

emission lines and continuum.

Figure 3. l-he deconvolution of the blended HO and [NII]654S and 6.5S4 emission lines.

Given the signal to noise ratio of the spectra, we have required that all three lines have the

same FWI-IM. The fluxes of the deconvolved emission lines are given in Table 1.

F’igure 4. H Land (1 .(j~tm) il]lage obtained of FSC10214 +4 724 Ivi(lll tllc KPN() 4111tc]csc.opc

in FWII M=l!’(1 seeing. T]](I pixels arc OV2. Nort]l is up and cast is 10 the left., $tar A of
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the right. Agroupof objects appears near theunresolved component of FSC10214+4724.

Figure5. The Hand rbandimages of FSC10214+4724 after subtraction of the scaled

image of star A from the point source component. The pixels areO!’2 intheH image and

0“3 inther image. North isup and east is to the left in both. The field of view is 12V3 in

the r image and 8!2 in the H image. The point–source subtractio~ nearly perfectly removes

the central component of FSC10214+4724, showing that it is unresolved. Three objects f

distinct from the point source are left in both the H band and r band image. The colors

(r-Hx4.4) and magnitudes (19.5 <13<18.5) of these ‘objects are more similar to those of a

group of early-type galaxies at 2=0.6-1 than those expected for z=2.3 galaxies associated

with FSC10214+4724.



. .

Table 1. Emission line data.

Line ~ @) z FWHM(km/s) W~(~) f(10-16ergs/cm2/see)
HI 1216 3993 2.284 j ‘ - <5
NV 1240 4072 2.284 550 28 39

CIV 1549 5084 2.282 ,1040 73 ,, 44

HeII 1640 5381 2.281 1040 35 21

CIII] 1909 6265 2.282 1241 24 12

NeIV]2426 7959 2.280 400 11 5

HI 4861 15984 2.288 - 10 <1.2

0111]4959 16279 2.283 1200 120 25

0111]5007 16437 2.283 1200 320 64

NII]6548 21504 2.284 800 34 13
HI 6563 21556 2.285 800 62 28

NH}6584 21623 2.284 800 78 29



Table 2. Photometric data.

‘Component RA Offset Dec Offset r H r-H
arcseconds arcs~conds

Core 0.0 E 0.0 N 20.72+0.02 17.36+0.02 3.36+0.03
Comp 1 0.1 w 1.2 N 22.93+0.12 ,18.51+0.06 4.42+0.12
Comp 2 0.5 w 0.0 N 23.67+0.25 19.28+0.13 4.39+0.28
Comp 3 1.3 E 3.2N ‘ 23.13+0.15 19.52+0.16 3.61+0.22
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