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ABSTRACT

We have observed the rest-frarne optical and UV spectra of the luminous,
high redshift IRAS source FSClO214,’+.4724. We find the optical emission lines
to be characterized by ratios similar to those found in Seyfert II galaxies. We
support the conclusion of previous work t:h;xt the UV emissio:l lines are similar to
those attributed to AGN rather than to star formation. The ratio Ha/HB > 20
(20 lower limit) implies substantial reddening of the narrow line region with
Ay >5.5, sufficient to hide a broad line region in our Ha observations. Given
this léfge inferred reddening and the strength of the UV continuuln—e’xiia él]]iSSiOll y
lines, we conclude (as have others) that simple screen models of reddening
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+4-4724 is the luminous extreme of the same population.

| We also present Q{Jband{\l\.G/Ln1) (i,ﬁiaging polarimetry observations and find
that the rest-frame optical emkirssiou’is unpolarized (P=3.24:2.0%). This deep
image of the ficld shows 1°SC102144-4724 Lo possess an unresolved core, with
several companions located within 10" of the point source. We find it unlikely
that this group of objects arc physically associated with I'SCI0214+41724 at
z = 2.3, we argue that their magnitudes and colors are more consistent with
those expected for galaxies in a foreground group. While galaxy number counts
would suggest that such a projection has a low probability of being observed
randomly, a foreground group might gravitational lens the z = 2.3 source.
making such random statistics inappropriate, and contribute to the large
observed luminosity of FSC1021444742. Comparison of H -band mmages taken
on two occasions one vear apart. shows that FSCTO214447240 had varied by

0.164-0.03 magnitudes relative 1o a nearby star during that time.
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The UV-optical emission line spectra, the bright dereddened continuum
magnitude (K<12) of the unresolved ‘core, its'extremely large bolometric
luminosity, strong UV  polarization and possible variability all suggest that
FSC10214+4724 harbors an obscured AGN. Given that we obsérve no spectral
features attributable to star formation, i:t,a,ppears that éither 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 AGN (rather than star : '
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1L INTRODUCTION S I AL SRR BRIV AT T O S AT 3%35'_?’~§'7-"§‘d

Rowan- Robmson et al (1991) have 1dent1ﬁed the IRAS Famt Source Catalog (F SC)

"(v“ L

source 10214—1—4724 thh a non stellar ob)ect at a redshxft of 2 2 286 mal\mg 1t one of the

most bolometrlcally lummous objects known I‘ he 1dent1ﬁcatlon of the IRAS source thh | B
the z = 2. 286 optlcal object 1s suppmted by 1ts comcldence thh a weal\ 1ad10 source

(Rowan- Robmson el dl. 1991) the detectlon of LO (J = 3 - 2) emission at = 2 286 ‘

(Brown & V:—mden Bout 1991) and the detectlon of a submllhmctm contmuum (Clements

et al. 1992). In addition to its large bolometnc luminosity, FSC1021444724 bhas been

observed to be highly polarized (P ~ 16%) in the rest-frame UV (Lawrence et al. 1993).

Soifer et al. (1991) reported a very large value for the equivalent width of Ha (W = .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. Lilly 1089, McCarthy 1993).

Much of the current interest in FSC102144+4724 concerns the origin of its extremely
high luminosity. Rowan-Robinson et al. (1991) proposed that it could pla.uéib]y be explained

as cither a dust enshrouded QSO or as a galaxy undergoing a tremendous starburst.
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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 F5C10214+4724 from UV to red wavelengths -
in the rest frame, as well as rest frame optical imaging and polarimetry of FSC1021444724.
These data are used to show that FSC10214-+4724 possesses -a powerful active galactic
nucleus (AGN) which could account for much of its bolometric luminosity.

2. OBSERVATIONS

. - ¢ et
LA : L A R TRVR S )

2 1 Near Infrared Spcctroscopy
Dt s o cEaiast ol mtnapeob [ dRo nu'

Neau infrared spectla were obtamed w1th the Krtt Pea,k Natxonal Observatory (KPNO)

telescope. The observations were obtamed on several mghts with cirrus clouds and poor
seeing in February of 1992. A 300 1 mm™ grating was used- .i\n.s.econd order in the H and
K bands glvmg a resolutlon of about ;802 r(fTJ 375 l\m sec ’). lbe (detoctor in CRSP was L
a 58x62 InSb array produced by Santa Baubara Reseauch Corporatlon (SBRC) It was o
operated usmg multlple nondestructwe read out (P owlel & Gatley 1990) leducmg the read o
noise to 80 electrons. An east west sllt bv;uth a 7”5 wxdth wes used for all observatrons In o
the K band 150 mmutes of data centelcd on Ha «md [NII]65S4 6548 were obtamed thlough

: vy et C vt
variable thin cirrus. In the H band, 60 mmutes of mteg: ation coveung [0111]5001 4909 and
Hp were obtamed undm photomeluc condltlons wlth poor seemg "To obtain a better hm)t
on the HB flux we obtained an addltlonal 5 hours of mteg,latlon on the H band spectrum '

under good conditions using CRSP at the newly commlssroncd f/lo focus of the Mayall 4m

in November of 1992.

The location of the object was alternated between two slit positions every 300 seconds.
The first order sky subtraction and dark current removal was achicved by subtracting the
average of bracketing exposures. The images were then flattened using a dome flat and

residual sky emission was reinoved by fitting a third order polynomial perpendicular to the
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dispersion axis along the portion of the slit not containing the object. To remove telluric
absorption Emd instrumental throughput variations, observations of the F5 star BS4191
were interleaved with the object observations every hour. BS4191 was assurmned to be a
6600K black body in the near-IR except inithe region near Bry, over which we interpolated.
Wavelength calibration was obtained from a linear fit to night sky emission lines in the
spectra. ;jFrom the residuals of the wavelengths of the night sky lines the absolute accuracy

of the wavelength calibration is 3+10-*xm, or 40 km sec™!.. - Crer s sy b b g

Since our observations were not- all ol'>-‘tain7<=‘,d"i‘n?‘fiﬁét'i")'rh‘etric' éétﬁditiﬁﬁ‘é(,’ we'derived
our flux zero-pomts from 'the H and K bind phbtometry presented in’ Soxfer et9a7 (1991) i
who give H=17.15 and ' K=16.37 iri a 3”8 diameter axgelture From our H bard i 1mage we T

estimate that our 2”5 slit accepted 0.2 magmtudes léds flux than the 3”8 dxameter apert‘ur“ el

used by Soifer et dl. " Weé measure' total ’e;mssnon line equ1va.lent 'widths in the 6\t;s:<;fveéi' R
frame of 0. 14pm and 0. 06;Lm in‘the H and’ K bahds. {Thus the lme- corrected contmuuﬁ;':'
ma,gmtudes should be 17. 77 (79udy) and 16.66 (IIOuJy) in the H and K bands respectlvely
Given the quoted photometrnc errors in Soxfer et al and ‘the uncertamly in aperture and
cmission line corrections we estimate an overall uncei tamty of 30% in our near-IR emission
line fluxes. We present the two-dimensional H-and K band near-IR spectra in I igux'e 1.
The one-dimensional flux ca]ibrated near-IR spectra are presentcd in Fig'u;'c?. 2b and the

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

1. Because Ha waé not clearly resolved from NII we ,_deconvolved the blended iines. The

fit was constrained by fixing the relative wavelengths of the two [NII] lines and forgin_g

all three lines to have the sa‘nlj‘e FWHM. Figure 3 shows the result of the deconvolution.
Our measured rest-frame equiva]cnt width of _]743:40/?\ for the Ha+[NI1]6584,65648 blend

is significantly smaller than the 7004:200& value reported by Soifer ¢t al. (1991) for the
unresolved blend in their lower resolution spectrum. A reanalysis of the Soifer ¢l al. data

now yields an cquivalent width consistent with the values reported here (G. Neugebauer
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1993, personal communication).

Recently, Clements et al. (1993) have presented Fabry-Perot observations of
FSC10214+44724 at Ha. They report a flux, for what they argue is just the Ha line, of
1.3x107 erg cm™? sec™ which is nearly 15! times larger than our observed Ha flux. In
conflict with the Soifer et al. (1992) imaging of the Ha emission, €lements et al. argue that
the Ha emission is extended over a region of 1”8. Our wide slit would have contained all of
the flux even if the Ho were as extended as suggested by Clements, so the flux-disagreement ‘!
can not be explained by our, Qbserya_tipns.,m@séng flux that was in the Clemfn&g,jmage.ﬁ cniie
Also, while our long slit, s‘pecthra; do not gff% e&'«b‘& patial resolution, !%b%ﬂ?}i v&&&r&mu}i A
able to dlfferentlate a, FWHM of 178 for, the Ha .emission compared to the F\’YHM of the Y
cont,muum;s‘c‘mrcei which we show in section 33 is nearly unresolved. ’The;,§p,au‘tvn@l profiles .. ... |
of the line (F WHM;:Zf’3:1:0f’ 1) and the_centin_uum (FWﬁM;ﬂ’ 1::072) measured, ftorn our i . %4

spectra are the same. If the FWHM of the Ha emlsswn were actually 1”8 as @rgued by .
Clements et al. the FWHM of the Ha proﬁle in our spectra after convolutxon wnth our -
continuum PSF _\yquld be 2”8, inconsistent with the observed value, Thus our czl‘)ser‘vagt{.lpns S

support the view of Soifer et al. (1992) that trhe Ho emission is predominantly compact.
- 2.2 Oplical Spectroscopy

An optical spectrum of I'SC10214+4-4724 was obtained on March 4, 1992 (UT) using
the Kast spectrograph on the Shane 3m telescope at Lick Observatory. The spectrograph
has two channels fed by a dichroic beam splitter. Both cameras use Reticon 1200 x 400
CCD arrays. The blue camera was used with a 600 1 mm™! griém giving 1.8A pixel™
covering 3200A to 5200A. The red channel was used with a 300 1 mm~! graling giving
4.5A pixel™! from 5200A to bevond 9000A. The object was observed for 3600 seconds with
FWHM=2" seeing and some cirrus. Flux calibration was made relative to observations

of the spectrophotometric standard HZ15 (Stone 1977), whose published flux values were
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extrapolated for wavelengths longward of 8370A. A standard atmospheric extinction
correction was applied, and ‘tellutric absorption bands in the fed spectrum weté'réimoved
using a fit to the continuum of the nearby ‘star A’ (in the notation of Rowan- Robinson

et al. 1991) which was also on the slit during the observation. This recovers the CII}2326
emission line which is otherwise obscured by t}:1e: atmospheric A-bf.nd. Because the optical

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

(RN

the magnitude measured in the Gunn r image presented in Rowan-Robinson et al. (1991) S

Wavelength calibration was achieved using spectra of Neon_}a..n:d HeHgAr calibration lamps,; o'

and verlﬁed by compan§,on wnth rught sky emission features,\ We show our, vggble spegtrum e
in Flgure 2a. The fluxes, observed wavelengths, .wndths, and equlvalent wxdths ofkthe SETAE U N >;;5_‘-,v;
strongest lines are given in Table ,lﬁ:‘Wg?,r;ot‘_e. that the rgd‘s,hlkf‘t.,dcrlyed‘ from;\thgg,wel_l—f,jg z«,nlg,u,-g,r-,;-',f‘
detected UV emission lines is z = 2.283 =+ 0.0015, in good agreement with the rest;frarﬁe sy
optical emission line redshift (from He, [NII} and [OIII}).of ;2= 2.284 +£.0.0010, but .0«
somewhat lower than the CO redshift of z = 2.2856 &£ 0.0003 (Solomon, Downes & Radford «.i:.:

1992). We return to this point in section 3.1 below... ..., .. =«

2.3 Infrared Imaging and Polarimetry
Imaging and po]arimetfy“iri the H band (1. G/J}h) were obtained ﬁéing the VKAPAN.O |
infrared imager (IRIM) at the {/8 focus of the Mayall 4m on the night of March 15, 1999
(UT). Once again the sky was covered with thin cirrus. The IRIM detector was a 5b><6"
InSb array manufactured by SBRC and the pixel size was 0”39. A rotating half wave plate
followed by a fixed linear polarizer was placed in front of the dewar window o measure
the linear polarization. With the hall wave plate at position angles of 0, 22.5, 45 and 67.5
degrees, twelve images of 120 seconds cach were taken at slightly different array positions,
giving a total integration time of 96 minutes. First order sky subtraction and dark current
removal were achieved by subtracting the average of the bracketing images. The hmages

were then flattened using a median sky flat coustructed {rom the data. IMlattened images
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were replicated into a 116 x124 image with 072 pixels. The replicated images were registered

and averaged to produce the final image 4aftef applying a 30 pixel rejection. The final image, -

with a PSF of FWHM=10, is presented in Figure 4. The total polarization measured

in a 176 diameter aperture is 3.24+2.0% after correction for statistical bias. We takea - -
conservative 20 upper limit to be P < 7%. The mMearby bright star A was also measured in

all images and found to be unpolarized (P < 1% ), implying that instrumental polarization , ..
Isunimporfant. . oo il e o asiagend ol

‘l'

To test for variability, we again imaged FSC10214+4724 4t H on March 3,/1993' (UT) grAns
with the newly recorhmnssxohed IRIM ‘ort-thie KPNO 4rii. Tﬁe new IRIM ‘uses & 256}4256" “’”"“ !"?,;"f

it t*z

&
A

HgCdTe NICMOS array manufactured ‘by Rockwell. ‘Relmagmg optics provide a cold Lyo_t, f_f';'x?‘;‘ |
stop and 0”6 pixels. A total of 20 sEparate oné minute exposures Were taken with the ! ‘5007

telescope offset a short 'distance bétween exposures. The daté was reduced as ‘above. "As' Ha

there is diffuse emission neat FSC1021444724, great care must be taken in testin‘g‘foi;‘?;“?“’ Pt
variability sihge seeing differences il éé,ﬁsé"Varyii1g"<amoun‘ts of the diffuse light to be " -
included within an aperture. We rel?inned the H band imagé taken in March 1992 'to'the "™ g
same pixel scale as the March 1993 data, then convolved it with a Gaussian to match the
secing of the 1993 lmage (FWHM 1"4) We chose to make a dlfferermal measuxement o
against star A to remove uncextamty in zero pomt doter:ﬁm'z;tlo‘x;s FSCIO?14+4 724 T

was 1.5640. 01 and 1. 40:t0 02 magmtudes fainter than star A in March 1992 and 19.)3

respectively, as mea.suled in a 24 dlametel aperture.
-3. DISCUSSION
3.1 Emission Line Classification . S T IR R

Our spectrum of the Ha emission has higher spectral resolution than that obtained
by Soifer ¢t al. 1991. We determine line widths of FWHINM(Ha)=8004:200 km scc™! and
FWHM(OIH1[5007))=12004200 kin sec™! after deconvolving the instrumental line profile.
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The forbidden lines have roughly the same width as the hydrogen recombination lines. This
would appear to rule out the specific “dusty” QSO modél with Ay % 1.5 piit 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 visilfle at Hoa. However, such a model is not well
constrained, simply requiring Ay > 5 for a broad.Ha line similar to that in the luminous

z=2. 2 quasar 12254317 (Hill, Thompson & Elston 1993) to escape detection with the S /N

PR DYO RTINS IR . : v ey e et s M
ratio and resolution of our Ha' spectra IR o - o o
[N R SO PN RPN T A PO D TS B B R R IV TS S PR TN N TR Wy i Fador dpy 4 Do vy

The lonlzatlon and excrtatlon mechamsms in emission-line objects can be dlscemed

CEF TOTVRNN tETEI G O NS ITO R ST FE ST ST CL R
from either detalled companson thh 1onlzatnon computatlons or with two dmwnsnonal line -

3 7)\5 .
x'v/’ i';v'h ':j\‘2~$x

 ratio dlagrams (e g Baldwnh, iihlillps & Terlewch 1981 Vellleux & Ostelbxock 1987) Both .

o peoaqe coan Getd i Bae G0a T wm R L bhatiptaatg aed
approaches are useful and the lme ratio dlagrarns mvolvmg 1eddemng insensitive palrs of
T A R L &) L)I Bt Vs A ST D T e g U L(:“‘

lines are parixehlarly valuable in this mstanoe The lme 1atnos derlved from our near IR o
spectra, [NI6584/Ha = 1. 05:0.20 and [0111]5007/1{/3 > 20 (30 upper limit on Hﬂ) place
FSCIOZI4+4724 ﬁrmly w1th1n the locus deﬁned by the Seyfert 11 ga?lalees in the dlagram o
shown in Flgure 1 of Vexlleux & Osterhreehl(\llg’S:i)ﬁ The rest frame of)tl‘eall’ ,e‘nrlssxon lme A
spectrum of FSClO214+4724 appears to rule oul classxcal HII regnons as the ongm of the
observed narrow lines. In partlcular, the very stxong emission of [OIII]SOO( 1elat1ve tAo Ifﬁ |

'
©o b

is not seen 1n even the most metal poor star fonmatxon regions.

The rest-frame UV spectra presented here and in Rowan-Robinson et al. (1991,
1993) show features that are characteristic of gas photoionized by a fairly hard spectrum.
The strong emission lines from highly ionized species (e.g.. NV1240, CIV1548) are clear
indicators of a non-stellar ionizing source (but see Terlevich ef al. (1993) and references
therein). As first noted by Rowan- Robinson et al. (1991} the UV spectrum (with the
exception of the extremely weak Ly« line) is quite similar to those of powerful radio
galaxies (eg Spinrad ¢t al. 1985; McCarthy 1993) and to NGC 1068 (Snijders et al. 1986)

and other Sevfert 11 galaxies (e.g. Kinney el al. 1993). The strength of [NelV]2424 reveals
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modest densities in the line emitting gas, since the critical density for this transition is

~ 10* cm™2. The relative strengths of the UV lines, excluding Lyc, are well reproduced

by photoionization of a low density gas by a v~):5 power-law with an ionization parameter

of ~ 0.02 (Ferland & Netzer 1983). Stariforming galaxies at the present epoch have

distinctly different UV spectra. In general they do not have strong emission line spectra

in the UV (Rosa et al. 1984; Hartmann et al. 1988; Kinney et al. 1993), but ,insiead show

CIV and SiIV absorption. Lines of CIV1548,1550, Hell1640 and, CI1]]1909 are seenin , = ¢ .
emission in only a very few star forming objects (e.g. NGC2366), but strong [NelV]2424

beoas s s i s iaaddo bril-aolminn s et oo doni GeHE 0w bas ooliatinil ol
and NV1240 emission 1s not observed. Overall both the rest-frame visible and UV. line N
Cad b vaenindy owel abipw o xumLthtlmvu AL R0 0] {HUJ LHQQHG 0D waxﬁe}: A :uli,} Ilaul}
spectra are clearly more s:mllar to present day AGNs than to st‘ag‘fqrmmg ob_gects Fmally, - o
e o O eh il o 1800 ool A NIRP EITSES ST S B o) cas At 0idey
the permltted CIV1548 1550 and He111640 lmes appeax to be falrlyl bx?ad with FWHM of
) . ; i RY, i 11.( L AINEE SRS \ oy atbootd Lo ui‘ 183 ”‘ii.\ '.f"'}f':'l{'l’:.-‘l TR
1200:i:200 km sec™ and 800:!:200 km sec -1 respectlvely after lemovmg the mstmmental .
pre o by b RN S ENR LA B BT aeliree o s
lme proﬁles Whlle not as broad as emission lmes in quasars they are sxmllal to Lhose seen
G SN ¢ f Ay ‘1, " LN x.l'v . RUSEAY IS AR & ff."'“L‘/'
in radie ga,laxxes and Seyfert II galaxnes and are much bloadex than thosc e\pected for a_
I : : »ct'\ﬁ.) " '».'\l') -
star fOImatlon leglon where the lme wxdths are set by the glawtatlonal Potentlal of the
"* R ,\xrt";;s . Vil .
galaxy. It is also mtelestmg to note that all of the well detocted wsnblc and UV emission
lines, obscrved \\1th se\erdl dlﬂelcnt mstruments and at (hffelcnt hmos gnc smmﬁcantly
! B v, -

lower ledshlfts ( = 2. 7b3) than the CO obsexvatnons nnply (z = -9, 28() on\\ n & van don
Bout 1991; Solomon ¢t al. 1992; Radford 1993). We ha.ve no model for this eflect, but we do
make two suggestions. First, systematic shifts of emission lines are noted in other types of
AGN and are usually associated with either bulk outflow or infall coupled with extinction
(e.g. Espey et al. 1939). ‘In this case, the CO line may give the true systemic velocity

of FSC10214+44724 while the optical and UV emission lines are systematically shifted by
bulk motion and obscuration. Alternatively, I'SC1021444724 could consist of two or more
objects with non-zero relative velocities, one of which harbors the AGN while the other is

associated with the observed molecular gas.
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3.2 Reddening

The enormous far-infrared lummomty of FSC 10214+4724 implies a large amount of
thermally emitting dust. Here we discuss our measurements of Ha, H,B and Lya to place
limits on the reddening of the narrow line region in FSC10214+4-4724. Tor this discussion
we will use an upper limit for the ﬂux from Lya at z = 2.283, although as we note below

(and as seen in the spectrum of Rowan Robmson et al. 1993) there is weak emlssxon at a
i - SRR R

dlscrepant redshlft ‘which may be the red wmg of Lya _ o }
. i o o P c CE IR IR T e sak o
- bpoae u'( Vi e 1:,;::.‘ AP b

If we assume ]ow densxty case. B recombmatron wrth T, =10 we expect, Ha/Hﬂ -2.86 . s

/

and Lya/Ha—-S 75 (Osterbrock 1974 Blnette, Magrxs & Bruzual 1991). ‘We 1 measure o iy

Ha/HB > 20 and Lya/Ha < 0 1 based on 20 limits to H,B and Lya For e'srmplei screen .

Dy J!":.’f Vil
model this Ha/Hﬁ ratio lmphes Av > 5 4 usmg the v1s1b]e-lnght galactlc reddenmg curve
of Whitford (1958) as palameterlzed by Mxller and Mathews (1972) We emphasme Lthat‘

Ay > 5 4 is truly a lowcr lzmct to the eztmctzon for several reasons. Flrst Hp has not

P

been convmcmgly detected and mny be weaker than the quoted upper lmnt Secondly, tlns
amount of extinction lmphes that the sohrce lrs optlcally tlnd\ at Ha and we may therefore
only be seeing part of the narrow lme leglon if the dust and gas are mn\od in the narrow
line region. Ingeneral models whexe the ext’mchon 1s not a sunple screen (eg Witt et
al. 1992), as we shall discuss is the case for FS(10214 +4771 the differential c\tmctlon (the

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

The upper limit on Lyea is consistent with this amount of reddening. With a galactic
extinction curve (Seaton 1979), Lya would be extincted by >17 magnitudes, and with
an SMC extinction curve (Prévot ef al. 1984) it would be extincted by >24 magnitudes.
However {from the extreme weakness of Lye relative to NV1240 it scems clear that a simple
screen model is inappropriate to describe the extinction from the UV to the optical. The

Lya/NV1240 ratio in Seyfert 11 and radio galaxies with UV spectra otherwise similar to
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FSC10214+44724 is typically ~ 20 (e.g. Ferland and Osterbrock 1986; McCarthy 1993). The
weakness of Lya in FSClO214+4724 could be due elther to resonant scattermg-enhanced L
destruction (e.g. Bmette Magns & Bruzua.l 1991) or a Lya a,bsorptlon line at the redshlft |
of FSC10214+4724 (e.g. s1m11ar to PK50528 250, Foltz, Chaffee & Black 1988). Although
our spectrum is noisy in th:s regnon there appears to be .an emission line at 4005A which,

if it were Lya, would be at a redshift of 2.294. This is about 1000 km sec"l to the red of

the other UV and optlcal emission lines. This could be the red w1ng of a Lya emlssmn line

RSEI CPRE A e I oA T STSRNS MU IR

that has either had its core destroyed by resonant scattermg or absorbed by an mtervenmg_*\

system. Given the large dust content and UV polanzatno ,—suggestlve of scaltttenng of the

UV light in FSClOZl4-F4724 resonant scattermgldestxuctlon of %rcf seems l)ke y e h{l\i&

mod Due G oY edicsic T ao b ok PO ll\;w P oo O8 4 5llinll
The strength and relatxvely ﬁat shape of the UV continuum and the UV line ratios. also

,1'
Ay e G N aolang o s wityol l(n

-;1'9 nz-.J’J

argue agamst a sxmple screen model with a laxge AV Appllcat)on of a screen reddenlng

i
't . f,‘.l‘-!;j;;t. !4

correction to the contmuum colors assummg Av = 5 4 and a galactic extmct:on law

-\r‘-,'., ‘\" ‘,|

(Seaton 1979) changes the r- K color from the obsex ved 4. 5 to an inferred mtrmsm value o

~ —4, leadlng to an overall spectral energy dnstubutlon that 1s stlongly rzszng towaxd

I b

blue wavelengths in F umts Nearly all AGN (1 e. QSOS, Seyfert I Seyfext II and radxo
galaxies) and stellar populatlons he,ve chntmua that are etthe1 fallmg l'xom the optlcal to
the UV or are roughly flat in £, unlts, although ebjects (lOlTlllldl,C(l by dust scatleung
can have spectra that are strongly rlsmg in the near-UV (T dhuntex et al. 1987). Thus
no AGN or stellar populatien reddened by‘ a simple screen model fits the spectral energy
distribution of I'SC10214+4-4724. Geometries that are more realistic and include intermixed
dust and emission regions with scattering properly treated usually produce less reddening of
the spectral energy distribution (Witt et al. 1992, Rowan-Robinson et al. 1993). There are
several scenarios which can reconcile the large reddening indicated by the hydrogen lines

with the blue color of the far-UV (FFUV) continuum. The obscuring material may have
\

a covering factor significantly less than unity. We are then secing through regions of low
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extinction in the FUV, but sample a wide range of optical depths at longer wavelengths.
Alternétively, the continuum may come from several sources intermixed with dust. The
strong polarization of the FUV continuum (Lawrence et al. 1993) and lack of detectable
polarization in the rest-frame visible suggests a different transfer path for the UV and
visible continua. We may be seeing the AGN directly in the rest-frame optical, but the UV

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

(Lawrence et al. 1993). The similarity between the FUV continuum shape, line rétibs,jéﬁ;clt" '

fractional polarization in FSC10214+4724 and, péwerful radio galaxies at similar redshifts

strongly suggests that similar physwal processes are at work: (meattl et al. 1993) ,

SR N ¥ U3 2 S BNV By BOASHBION B T B0 TG 2600 {0 mantan ot in
If we apply the lower limit.to the reddening derived fromithe Balmer decrement to the.
observed K-band and Ha fluxes we can derive lower limits to the unreddened K magnitude - -

and the Ho flux. The fluxes increase by at least a factor of 75 so that thé 'unreddened K . ERTIS

magnitude of the point source is brighter than 12, comparable to the'brightest quasars -
at z > 2 and 5 magnitudes brighter than the most luminous radio galaxies at thé same
redshift (McCarthy 1993). The corrected energy density at H (vF, > 3 x 107 ergs cm™?)
is larger than the 60um energy density (vF, = 107! ergs cm™2). Thus, reprocessing of the
resi-frame optical emission can provide the large observed far-IR bolometric luminosity of
I'SC10214+44724, implying there is no need for a large'h'idden power source. The He flux
increases to greater than 2x1073erg cm™2 sec™!, requiring 2x10%" h=? (go=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 FSC10214+44724
to be 8 x 1013L,h~2 (go = 0.5) we find a ratio of the bolometric luminosity to the rate of
photoionization of 100eV fionizing photon (4 x 107 L sec). This value is consistent with
those produced by model star bursts with ages of a few times 105 years if no stars less

massive than 1 Mg are formed and the upper mass cutofl of the initial mass function is

100Mg (Maloney & Elston 1993, Scoville & Soifer 1991). Even with this lower mass cutoff

W

el
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1, implying a gas depletion time

such models have star formation rates of about 10°Mg yr~
of 107 years, assuming there is about 10'* Mg of H,, and a 100% efficiency of converting
gas to stars. Even with such an unphysically high efficiency of star formation, this gas
depletion time scale is implausibly short as it is much less than the dynamical time scale of
a large galaxy. In any case it is clear from thg rest-frame optical and UV line ratios that

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

region of FSC10214+4724. R e ,

P O RS VIEREE syt i . v el

[RI2 5D

R E

In the course of measurmg th(éH,barrld pOIarlzatlon o’f IE‘SCIOé?l’Z-{-t'i"}M weobtameda .
deep image of the source in séeing with FWHM=1%0.(Figure 4). Soifer et -al. (1992):and =" i!
Lawrence et al. (1993) have also présented near-IR ‘images of FSClOZl4;+4724..» We take! s »7i0
a different approach to the analysis of our.deepp H band image.:We have used the image @ =it o.ir
of star A on the frame to subtract the bright point source component of FSC1021444724.! ‘tiizran
Figure 5a shows the PSF subtracted H band image of FSC10214+4724.- In:Figure 5b we: & = ox
show the result of a similar subtraction for the Gunn r band image taken by oné of us:  fizi= s
(P.McC.) with the Palomar 5m in 1”5 FWHM secing, and shown in Rowan-Robinson et -
al. (1991). In Table 2 we present the H and r band photometry of sources near the point -
source component of FSC10214+4724 assuming the H and r band zero points given in Soifer
et 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”5 diameter apertures
centered on the same spatial positions in both the » and H band images and was corrected
using the curve of growth of star A. The photometric error values given in Table 2 reflect
ounly the errors in relative photometry, not the systematic zero point uncertainty. We note
that the point source subtracts nearly perfectly in both the optical and near-IR images,
implying that the dominant luminous component of FSC102144-4724 is truly unresolved

(FWIIM<0”3 at H, <075 at ). We arc sensitive Lo 20 surface brightness levels of <20.7
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mag arcsec™? at H and 25.2 mag arcsec™? at r.

We see obJects to the north and west of the nucleus as prevnously noted by 48o1fer et
al. (1992) and Lawrence et al. (1993) We also weakly detect several other nearby objects |
making it appear that FSCIO214+4724 re31des ina small group. Smfel et al. and Lawrence
et al. suggest that this may be an lnteractmg system of two or ‘more hlghly lummous
galaxies, analogous to nearby ultralurmnous IRAS selected galaxnes Both assume that the

v Cpee s wherrpings zf"i

nearby ob_]ects are physmally assoc1ated w1th the brnght pomt source. At the magnitude

P B RIS T I TS GCRTI RN PR TErS oI I 0% By A o b bingans Gaee i g

of the compamons (K~18 assummg H K~1 0, Wthh is typlcal of galaxnes w1th z2 0 4)

N :\_-‘i <) » vy ; L‘, t, AR ,Jv.l.\‘t [ ‘, ‘Jf
deep field count surveys (e g ‘Cowie & Songalla 1993) mdlcate-a'sﬁ’faoe densxty ot; ~ lO‘ iy
. h PO NI T it "},‘.-‘l FaRi [ AT ST S [P R RIS ST H iyl ”llt} rl‘)‘- AL
objects deg ThlS would suggest that the chance of a random pro;ectlon within 2" is-
. Vet ek el asetoo DY e B sl eoaxely g egns vhne
only about 10 2 However, FSClO214+4724 was drawn from near the ﬂux limit of the -
Cr i) it o B ool Gone st oy e vl nd ol ekt

IRAS catalog We suggest that the probablllty of pro;ectlon may be enhanced by two
mechanisms. First, the projected group of galaxies could contribute to the IRAS ﬁun, thus
requiring the projection for inclusion ih”tli"e"catalog‘.""Thls" see"rrls"unli{kely, however, as the
companion objects are not detected as radio sources.in the deep VLA :maps of Lawrence - ! i
et al. (1993) and thus probably.do not contribute significantly to the total 60um flux -

of FSC10214+44724 if they obey the standard ratio of radio to IR flux (Helou, Soifer &
Rowan-Robinson 1985). Alternatively, if the apparent companions are in the foreground,
then they might gravitationally.lens the z = 2.3 object associated with [F'SC102144-4724,
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 I'SC102144-4727 is drawn {rom near the flux limit of the IRAS survey." A
similar excess of galaxies near luminous QSOs has been reported (e.g. Stocke et al. 1987,

Webster el al. 1988) and attributed to lensing.

The I magnitudes of the apparent companions (18.5, 19.3 and 19.5) are similar to

those observed for = & 2 radio galaxies (Lilly 1989, McCarthy 1993), which ave nearly
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as luminous as brightest cluster galaxies at low redshift (Lebofsky & Eisenhardt 1986;

My = =23 for H, = 50, Sandage 1972) It is unhkely that three hlgh redshlft compa.mons _
would have such large lumlnosmes unless they are undergomg a pernod of very rapld star 3
formation. This appears implausible, since Soxfer et al. (1992) ﬁnd no strong Ha emlss1on
from these objects, and they are not detected as radlo sources by Lawrence et al. (1993)
The companions are also redder (R—H~4 4) than would be expected from snmple models

for an actlvely star- formlng galaxy at z = 2. 3 and are redder than the F SClO214+4724 o

st gt IU R x : N e, ,gi« . ‘4 i EREE UU *4:2‘5.:;‘:&1
point source desp:te the latter s large inferred reddemng The compamons magmtudes are .
Ry sl To boaiored al i O oo d i) nannmere S0 pnotsagaing wild Yo

approprnate, however, for those expected for ~ L. galaxnes at z =0.6-1.0, dg)endmg on the ., -
‘ i 1 ea e vtinnshg iR e i aibard BRI slioexioe ¥ WO LT wyevaitd dﬁiﬁw bia‘l ﬁM‘Ji‘ Wy
assumed amount of lummosxty evolutlon Thelr colors are also consistent wnth those of.

4 . SRS Oy !
oty ity n Lo wotes o Loelo danngiie Cow 5 AN ﬂ }’W&O
shlft range We therefore beheve that these ob Jects are more

o
early type galaxres in thls red
EERR RPN ERRAR SR TYROC 158 viu

a

ooty

likely to be early type gztldxres in a foreground group xather than actual compamons to the

AN
. R ¢ e o v \. v
T TR TS SEET UPC T VRS T I o R A T At A A LRS! "“h'

‘ix”t'

z-—23obJect ‘ . ( ‘ ’
R I S £ S AR C S

’ ' . I B
CLAN L e, b [ESEE SCRIENES D RN

’ . . 3.4 Variability 'and; Polarization B e

If FSC102144-4724 is a réddened quasar then it seems plausible that FSC10214+4724 o
should be a flux variable. The poor consistency of published photometry of FSC10214 44724
(Rowan-Robinson et al. 1991; -Soifer et al. 1991; Lawrence ¢t al. 1993) suggested the ' '
possibility of variability to us, although differing aperture sizes, seeing diflerences, 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 [F'SC10214+4+4724 varied by 0.164:0.03 magnitudes
during the year relative to star A. This amount of H band variability is nol uncommon in
oplically selected quasars (Neugebauer et al. 1989). If variability is confirmed by further

measurements, it could provide important constraints on the nature of I'SC102144-4724.
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The decline of the polarization of FSC10214+4724 from 16.4% in the FUV (Lawfence
et al. 1993) to < 7% (20 upper limit) at rest-frame optical wavelengths indicates that the
optical and UV light originates either in distinct regions or take different p'alt{hs' betwegﬁ
the source and the observer. The overall stréngth of the far UV polarization vef-g'ue.s a.gamst o
transmission through ahgned grams as the mechamsm for the polanzatlon A similar trend
of the continuum polarization increasing into the UV is observed in the Seyfert I galaxy o

Mkn 231 (Schmidt & Miller:1985) which is also an ultraluminous IRAS source. ' Based ‘on' .11

spectropolarimetry, Schmidt and Miller concluded that the UV..continuumi ofA'uMkﬁ7'23lv «1s doiret ve

polanzed by scattermg from d,usii grams m the mner few hundred parsecs"'-’;" i

4;\

' wavelengths the continuum js less polauzed since it is; dommated by light viewed dlrectly

The situation for FSC10214-+4724 is probably very similar to that in Mkn 2313 but!mo_;fé o i

detailed spectropolarimetry is needed to evaluate this scenario. -+~ #ut Bl -5’3'7‘;\"‘;5:‘;"? Pl s
..... 0L Laita R T M
4 ADDITIONAL DISCUSSION AND SPECULATION _
' : Co . , R T S AT B B Y N VAL T PR AR
The v1sxb1e to- UV emlsslon lme spectlum of FSCIO214 +4 724 is snpnlar {fo that of a .. .. . .

Seyfert II or radlo galaxy and qu1te unlike that of any star formation region. In objects
similar to I.“SC102‘1(4“—{~4'(‘24_ \Y:I'L/I"l et;opg uv POI,?"rI?a'F}(’,?I’ these types of spectra ,,a_r,e,p‘ften -
attributed‘to‘ Ille presenceof an_aclive galactic nucleus which is obscured from the ..
observer’s line of sight by an a,vs.ymmet‘ric"screcn (Antgnucci & Miller 1985; Scarrott, Rolph
& Tadhunter 1990; Jannuzi & Elston 1991; di Serego‘A]ighie‘ri ct al. 1989,1993). It Would
seem that given its large far-IR luminosity and low radio power, FSC10214+4724 is the
radio quiet QSO enaloé of thesc types of sources. Indeed, the dereddened K magnitude of
the unresolved component (I(Sl?) of FSC10214+4-4724 is as bright as the most luminous
QSOs at the same redshift. As argued by Soifer et al. (1992), the spatially unresolved
nature of the Ha emission is consistent with a narrow-line region of an AGN but not with a
region of star formation. Also, both Rowau-Robinson et al. (1993) and Soifer et al. (1991,

1992) arguc that the energetics of 'SC1021444724 can be explained by a quasar embedded
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in a dust cloud with Ay > 5, consistent with our limit on the reddening. Thus, given the
strong evidence that F SCIOZl4+4724 contains an AGN which is obscured by an a.nisotropic ,
screen and the lack of any dlrect ev1dence for star formation (1 e. stellar absorptlon lines
assocnated with hot stars or emlssmn lmes assoc:ated wnth star formation regions), it seems
mapproprlate without more cqmpellmg observations to consider ’I““SCIO2147‘+4724 to be a

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

Undoubtedly FSC10214+4724 possesses .a large amount:of molecular gas;’perhaps™/ +¢* ‘

as much as 10‘,1h‘2M@- basedion observations' of rhultiple transitions of CO"(Soldfriéit{,l-i‘l_'~"il’fA"?'-if“:

Soifer 1991) suggesting the gas resides in a cool disk configuration’s Indeed mtefferometer""’ it
observations (Radford 1993) suggest that the CO emission is extended over a ‘région o e o
few arcseconds, allowing m_elecu}ar mass es};lmates to be cons1sten§ w1th (less t,han or equal

to) the’ dynamxcal mass 1hferred frorhlhhe hn?e&ndth The ratio of ‘bolo‘metrnc to CO(I 0)
luminosities in FSC102144+4724 is approx1mately 3000 assummg CO(3 2)/CO(1 0)~1 |
Galaxies in the Sandels Scoville and Soifer sample with bolometnc luminositics less than :

~ 10" Lg t)'l)lca.llj;"llave valics of ‘this ratio bf order 100. Tor ga]a.xxes \\'1th lummos-ltle,s i

above 10'2Lg this ratio is u‘shally threé or four {imes larger. ""I“he iost luminous 'gayulaxy m
their sample, Mkn 231, also has the largest ratio of bolometric to CO luminosity (1000).

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

for the highest luminosity galaxies in the Sanders et al. sample, it does scem to qmoothly

extend the trend of increasing Lyo/Lco with bolometric lummosn,y In particular, it is

only three times larger than the ratio séen in Mkn 231, thc highest lummomty gala.xy

in the Sanders el al. sample. The increasing ratio of bolometric to CO luminosity with

larger bolometric luminosity can be straightforwardly interpreted as a shift of the dominant

. |
energy source from massive stars to an active galactic nucleus, as Sanders ¢f al. suggest.



\ ~19 -

However, this conclusion must be tempered by our general lack of understanding of the
interstellar medium at high redshifts (e.g., cloud properties and the degree of heavy element

enrichment).

I 4 .
As in other “radio quiet” quasars, thé extended radio emission may well be due to
q .

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

Rowan-Robinson et al. (1991 1993) suggest that the radno emission results from supernovae
' sty T s by oo

associated with a massxve starburst We can compute the ratlo of far-lR lum1n051ty to radxo
(e l), l:)“l' AR il‘ -, i )Hl i Ve 0} ll SIS AREIE ORI P Y B B AD ENEIE § SRRRA R as o l” {4

luminosity hy taking the standard ﬂux ratlos in the proper rest-frame bands usmg data

from Rowan- Robmson et al (1993): S(60 ym),,,. = S(200 pm)ob, = 230- mJy"S(lOO ,tm),m it

= S(330 pm)obs = 250 mJy, S(1 4 GHz)m, = S(O 4 GHz)obs = 3 52 mJy We compute ’

Ay osaesnsp boboeoodfias

AR
¢ "

q=1.9+0.3 whlch is the log of the ratio of\ holometrnc to radlo ﬁux usmg the method of‘ -
Helou et al (1985) This is very‘rlf‘eza.rlyI ,the ;al;lle ’as the value fchnd byHelgtl ‘etk hlﬂ ’flclr l
star forming disks and nuclear starbursts (q 2 14:!:0 14) or the l.:—nge hadno selected salmplej‘_’ o ‘
of Condon and Brodeucl\ (1986) (q= 9. 35:&0‘3~0) Wlnlc th)s shows that ‘I““SCIO,21‘4'—I—4724 o
has a ratio of 1ad10 to IR ﬂux s1mllar to low 1edsh1ft IRAS selected galaxnes thc raho of

radio lum1n051t5 to bolometric far IR lummosxty is smnlar for l)oth radlo qulet AGNs, stal

forming disks and nuclear stalbumts (RlCl\C 1978 Sopp & Ale\andu 1991) 'l huq tlne 1a(ho
emission does not help to dlffelenhate the conirlbutlon of the AGN an(l the star formation

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 confirmed it would seem likely that part of

the large bolometric luminosity of FSC10214+4-4724 is due to star formation.

Therefore, while FSC10214-+4724 clearly harbors an AGN, and possibly actively star
forming regions, the relative contributions of these components to its large bolometric

flux is unclear. Its large far-1R flux and inclusion in the IRAS 1°SC could be duc 1o the
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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, UV emission'of, FSC10214+4724 is dominated by emission

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

photoionization in this ob ject. leen that we observe no spectral features attrnbuted to star

formation in the optical in UV, it appears that erther star formatlon in FSClO214+4724 is

hlghly obscured while the narrow line reglon of the AGN is not (a rather difficult geometry)

or that the AGN (rather than star formatron) domlnates the large lummosnty of this ObJeCt ‘¢

YRS ;14 et TR ICIRITER SES% FECURNS PR R VR Ve

;‘;nrlw;/ o0

Many of the unanswered questlons posed by this obJect also apply to the local far-1R -

i cbrael et o asqorq o pl oier xell pasbios e ot napisd ar coningi

lummous galaxnesv In nearly all of its propertres, FSCIOZI4+4724 appears to be simply an

HE 3N -,\ U“L fa Yi f?‘\iﬂ)’m 9"'? gé:«,(fl!sﬂ( ksb q\n))i ‘\“ﬂ S TY -ﬂg‘.&)% u{’}\-’ “&iﬁfgv‘ ,’r‘ L;éﬁ‘;

T e

extreme example of the far-IR lummous galaxy phenomena If these local objects are dust

) N N SRR i
SR LAt Wy eand ,n.l-ﬁi N TN 1

l\ P 2 b\‘s\\' Li :){. o

enshrouded quasars (Sanders et al 1988 Sanders, Scoville & Sorfer 1991 Hines & Wills

RS ATINS TH ‘r - Y ,‘_(7,'_4{ [ ES A 5’;&1{ )i1 ri f{ ‘“ia’ } ’) + ‘{ ”‘,‘

1993), the greater lummosrty o{ I‘ SCIOZI4+4724 may be due to the obse1 ved luminosity

VR g ';', TS

evolution of quasars between z=10 .and z =9 ‘2 (e g Boyle et al 1991) Furtherrrxlore, L

[ PR 14

the coipcidence of a group of obJects near F'SCIO214+4'724 may enhance 1ts apparent

luminosity through gravrtatronal lensmg, reducmg the 1equued extrapolatron from today s

Voot oy, }

ultraluminous galaxles Whrle I‘SCIO214+4724 is an unusual O]JJ(,(l I)\ any standards rt 1s

vl 4y

perhaps not as umque or une\pectcd as 1t seems at ﬁlst glance and (loes not represcnt a

Voo S

new class of object but is very snmrlar to knowu ultralummous galaxles detccted by IRAS.
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Figure 1. Two-dimensional near-IR spectra of FSC10214+4724. The H band spectrum
which includes HB, and [OIII]5007;4949 is on the left. The K band spectrum which includes
Ha blended with the [N1I]6548 and 6584 lines is on the right. The pixels are 09 by 174
with longer wavelengths toward the right 4hd east up. While continuum and the [OIII]
lines are clearly detected in the H b‘ahd, there is no convincing d'etection of HB, implying
a large ratio of [OIII}/HA. In the K band the peak of the [NH]6563 line is nearly equal in
brightness to that of Ha. These line ratloe are sxmnlar to those seen in Seyfert II galaxnes_ o
at low redshift and are very dxstmct frc;m ‘those of classmal HII regnons None of the lme'

MG BEE
emission appears to have greater extent along _the slit than the does the contmuum at th:s

spatial resolution. /. et/ oo ol e TS0 T \»"14'"“'?"*:-’:'«"?"“ ST (¥

Figure 2. The UV to red spectrum (in the rest ﬁahir;e): ofIFSCIOZI4+47‘74 The UV R
spectrum is dominated by high excitation emission lines (NV, CIV, Hell, CIII}-and [NeIV]) Hsd
characteristic of Seyfert II galaxies rather than star {formation reglons The 1estlf‘ra1hef , 'WJ i
optical region also shows a high excitation spectrum chdlacteustl( of Seyfert II galaxies -
with [OIII)/HB>20. Such Seyfert I spectra are very common among ultraluminous IRAS - -"»’A"-f:""'-fai-{:"j
selected galaxies at lower redshift. The high extinction inferred from a ratio of Ha/HB>20 |
seems incompatible with a simple screen model of extinction given the strength of the UV

emission lines and continuum.

Figure 3. The deconvolution of the blended Ha and [NI1]6548 and 6584 emission lines.
Given the signal to noise ratio of the spectra, we have required that all three lines have the

same FWHNM. The fluxes of the deconvolved emission lines are given in Table 1.

IFigure 4. H band (1.6pm) image obtained of I'SC10214 44724 with the KPNO 4 telescope
in FWIM=1"0 seeing. The pixels are 072, North is up and cast is to the left. Star A of

Rowan-Robinson ¢/ al. (1991) is on the left and the identification of I'SC102114-4724 is on
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the right. A group of objects appears near the unresolved component of FSC10214+4724.

Figure 5. The H and r band images of FSC10214+4724 after subtraction of the scaled
image of star A from the point source compenent. The pixels are 072 in the H image and
0”3 in the r image. North is up and east is to the left in both. The field of view is 12”3 in
the r image and 82 in the H image. The poiné—éource subtractior;‘ nearly perfectly removes
the central component of FSC10214+4724, showing that it is unresolved. Three objects
distinct from the point source are left in both the H band and r band image. The colors
(r-H=24.4) and magnitudes (19.5<H<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 2=2.3 galaxies associated

with FSC10214+4724.



Table 1. Emission line data.

Line X(AY 2z FWHM(km/s) W,(A) (10~ "ergs/cm?/sec)
HI 1216 3993 2284 i+ - - <
NV 1240 4072 2.284 550 28 39
CIV 1549 5084 2.282 1040 73 44
Hell 1640 5381 2.281 1040 35 21
CIII) 1909 6265 2.282 1241 24 12
NelV]2426 7959 2.280 400 11 5
HI 4861 15984 2.288 - 10 <1.2
OIII]4959 16279 2.283 1200 120 25
OIII}5007 16437 2.283 1200 320 64
NII}6548 21504 2.284 800 34 13
HI 6563 21556 2.285 800 62 28
NII}6584 21623 2.284 800 78 29




Table 2. Photometic data.

Component RA Offset Dec Offset r H r-H
arcseconds argseconds

Core 0.0E. 00N 20.7240.02 17.36+£0.02 3.3610.03

Comp 1 0.1 W 1.2 N 22.934+0.12 ,18.511+0.06 4.42+0.12

Comp 2 0.5 W 0.0 N 23.674+0.25 19.2840.13 4.39:40.28

Comp 3 1.3E 32N ' 23.13+0.15 19.52+0.16 3.61+0.22
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