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A B S T R A C T . Recen t observa t ions o f the rad io ga laxy 3 C 321 are presented . T h e 
op t i ca l nucleus consis ts o f t w o c o m p o n e n t s ( A , B ) , separa ted b y ~ 4 / ; ( ~ 6 k p c ) , 
w h o s e low-reso lu t ion spec t ra s t rongly resemble those o f h igh- ion iza t ion t y p e 2 
Seyfert nucle i . T h e relative intensities o f the emiss ion lines differ in A a n d Β 
b y less than 1%, and their profiles are a lmos t ident ical . 3 C 321 appears t o b e a 
c o n v i n c i n g e x a m p l e o f a gravi ta t ional ly lensed o b j e c t . 

Careful analysis o f high-qual i ty rad io and op t i ca l da ta , h o w e v e r , reveals 
that the s y s t e m is a lmos t cer tainly not a lens. T h e equivalent w i d t h s o f the 
emiss ion lines are rough ly twice as h igh in Β than in A , and there are significant 
spatial offsets be tween regions o f br ight c o n t i n u u m and line emiss ion . A sl ight , 
b u t fundamenta l , difference is vis ible in the t w o H a emiss ion profi les . T h e radial 
veloci t ies o f A and Β are discrepant b y 31 ± 10 k m s - 1 . Final ly, c o m p o n e n t 
A is near ly co inc iden t w i th a f la t -spectrum rad io c o r e , whereas Β is nex t t o an 
e x t e n d e d , s t eep- spec t rum kno t o f rad io emiss ion . 

T h i s o b j e c t shou ld serve as a warn ing t o lens hunters: b e w a r e o f i m p o s t o r s , 
w h o s e t rue proper t ies m a y b e difficult t o ascertain w i t h o u t extens ive op t i ca l and 
r ad io observa t ions . 

1. I N T R O D U C T I O N 

Deta i l ed s tudies o f ex t ended , op t ica l emission-l ine regions assoc ia ted w i th rad io 
galaxies can p r o v i d e valuable informat ion o n the ways in w h i c h je ts interact w i th 
ambien t gas . "Minkowsk i ' s ob j ec t , " for e x a m p l e , consis ts o f a dwar f ga laxy in 
w h i c h a v io lent burs t o f star fo rmat ion was recent ly t r iggered b y a rad io j e t f r o m 
an adjacent el l ipt ical ga laxy in the cluster A b e l l 194 (van Breuge l et al. 1 9 8 5 ) . 
T h e interstellar m e d i u m is ionized b y ul traviolet light f r o m the h o t , mass ive stars, 
as in the similar case o f Cen A ( G r a h a m and Pr ice 1981) . O the r ob jec t s s h o w tha t 
j e t s m a y b e deflected and d is rupted w h e n they col l ide w i th dense ext ranuclear 
mater ia l , and that synchro t ron radia t ion f r o m internal shocks can p h o t o i o n i z e 
the su r round ing gas (see van Breugel 1986 for a recent r e v i e w ) . 

In this p a p e r I briefly descr ibe observa t ions o f 3 C 321 (z = 0 . 0 9 6 ) , a n d s h o w 
that the ga laxy at first sight appears t o b e gravi ta t ional ly lensed. Careful analysis 
o f the da ta , however , casts serious d o u b t o n this interpretat ion. A c o m p l e t e 
d iscuss ion is g iven b y van Breugel et al. ( 1 9 8 7 ) . 
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2. O B S E R V A T I O N S 

Visual ly , 3 C 321 is a s ixteenth m a g n i t u d e ga laxy wi th t w o fairly c o m p a c t nuclei 
( A , B ) separa ted b y ~ 4 " , o r ~ 6 k p c (Ho = 75 k m s _ 1 M p c - 1 , qo = 0 . 5 ) . 
C o m p o n e n t A is rough ly twice as br ight as B , and a c o m m o n enve lope is present 
in deep p h o t o g r a p h s . Low-reso lu t ion op t ica l spec t ra ( F W H M « 10 Â ) o b t a i n e d 
wi th the 3 -m Shane reflector at Lick Obse rva to ry s h o w that A and Β have s t rong 
emiss ion lines spanning a w i d e range o f ionizat ion levels. T h e spec t ra resemble 
those o f h igh- ion iza t ion t y p e 2 Seyfert galaxies , as indica ted b y the intensity 
rat ios [Ο III] À5007 /H/? « 11 and He II À4686 /H/? « 0.5. Lines such as [Ne V ] 
Λ3426 are s t rong , b u t [Ο I] À6300 is also p rominen t . 

M o s t remarkable , however , is that the emission-l ine intensity rat ios in c o m -
ponen t s A and Β are nearly identical — they differ b y less than 1%\ A l t h o u g h 
such emiss ion- l ine character is t ics are often found in different Η II regions wi th in 
a g iven galaxy, and in the h igh-exci ta t ion spec t ra o f ext ragalact ic Η II reg ions , 
they have rarely (if ever) b e e n seen in any t w o dist inct Seyfert nuclei o r Q S O s . 
It s eems , therefore, that 3 C 321 shou ld b e a d d e d t o the g rowing list o f k n o w n 
gravi ta t ional lenses (see Canizares 1987 for a current r e v i e w ) . 

T o exp lo re this possibi l i ty , extensive n e w observa t ions o f 3 C 321 were m a d e 
at r ad io and op t i ca l wavelengths . In par t icular , spec t ra having excel lent s ignal-
to -no ise rat ios and m o d e r a t e resolut ion ( F W H M « 1.5 — 2.5 Â ) were o b t a i n e d 
o n 29 M a r c h 1986 U T wi th the 5-m Hale t e lescope at P a l o m a r Obse rva to ry ; 
the long slit o f w i d t h 1" was or iented at a pos i t ion angle o f 131° t o inc lude b o t h 
c o m p o n e n t s . A l s o , h igh-qual i ty rad io m a p s were m a d e wi th the V e r y Large Array. 
T h e s e c o u l d b e c o m p a r e d wi th the co r r e spond ing op t i ca l images o b t a i n e d wi th 
the Shane reflector. 

F igure 1 illustrates the s p e c t r u m o f c o m p o n e n t A over the o b s e r v e d wave -
length range ~ ΛΛ4700 — 5600 . A n effective ent rance aper ture o f size 1 ; / χ 2 ; / , 
cen te red o n A , was synthes ized f r o m the original two-d imens iona l ( 2 - D ) C C D 
data . A s p e c t r u m o f c o m p o n e n t Β was ob t a ined in a similar manne r , and s u b -
t rac ted f r o m that o f A . T h e difference is s h o w n in the b o t t o m par t o f the figure, 
w i th the s a m e ord ina te scale . T h e degree t o w h i c h the emiss ion lines are absent 
is a s tound ing . O n l y a slight "osci l la t ion" in the c o n t i n u u m level is v is ib le at the 
wave leng th o f the s t rongest l ine, [Ο III] Λ5007, bu t the integrated s t rength o f this 
line is a lmos t exac t ly ze ro . Th i s conf i rms that the relative intensities o f emiss ion 
lines in the centers o f A and Β are nearly identical . Fur thermore , the absolute 
intensities and wid ths mus t also b e c o m p a r a b l e in the central regions . T h e 2 -D 
spec t r a s h o w that the relative intensities are similar in the m o r e ex t ended regions 
o f A and B , and in several faint, de tached wisps o f emiss ion as wel l . 

3. 3 C 3 2 1 : A G R A V I T A T I O N A L L E N S ? 

D o these observa t ions really imp ly that 3 C 321 is a gravi ta t ional lens? T h e 
answer , unfor tunate ly (or fortunately, depend ing u p o n one ' s po in t o f v i e w ) , is 
n o . A ma jo r obs t ac l e t o the lens interpretat ion is that the equivalent widths 
o f the emiss ion lines in c o m p o n e n t Β are rough ly twice those in A (F ig . 1 ) . 
If the t rue nucleus o f 3 C 321 were lensed, the under ly ing c o n t i n u u m w o u l d b e 
near ly the s ame in b o t h images , as are the emiss ion lines. M o d e l s involv ing 
mic ro lens ing (e .g . , Kayse r , Refsdal , and Stabel l 1986) c a n p r o d u c e the o b s e r v e d 
d i sc repancy , b u t this is cons ide red unlikely here in v i e w o f the ex t ended nature o f 
the c o m p o n e n t s , w h o s e emission-l ine intensity rat ios are everywhere ve ry s imilar . 
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T h e r e are several o ther a rguments against the lens scenar io . Careful in-
spec t i on o f the red spec t ra ( ~ λ λ 6 8 5 0 — 7 5 0 0 ) , for e x a m p l e , reveals a ve ry weak , 

b r o a d c o m p o n e n t o f H a emiss ion ( F W Z I £ 6000 k m s - 1 ) in A , bu t no t in B . Th i s 
H a line is reminiscent of, bu t m u c h weaker than, those seen in t y p e 1 Seyferts; it 
has b e e n de tec ted in the spec t ra o f m a n y br ight , nea rby galaxies b y F i l ippenko 
a n d Sargent ( 1 9 8 5 ) . In add i t ion , the nar row emiss ion lines in the spec t ra o f A 
and Β exhib i t a sys temat ic offset o f 31 ± 1 0 k m s - 1 . Finally, the 2 -D spec t ra s h o w 
that the reg ion in c o m p o n e n t A having the m o s t intense emiss ion lines is offset b y 
~ 1.1" f r o m the region o f br ightest c o n t i n u u m emiss ion , and that a d i sp lacement 
o f ~ 0 . 4 " in the o p p o s i t e spatial d i rec t ion is present in c o m p o n e n t B . Th i s has 
b e e n conf i rmed wi th the na r row-band images o f 3 C 3 2 1 . 

O n e o f the m o s t striking discrepancies be tween A and Β is f ound in the rad io 
da ta . M a p s at λ = 6 . 2 , 1 8 . 3 , and 21.6 c m s h o w that op t i ca l c o m p o n e n t A is a lmos t 
co inc iden t w i th a flat-spectrum, c o m p a c t "core" o f rad io emiss ion . C o m p o n e n t 
B , o n the o ther hand , is next t o a s teep-spec t rum, s o m e w h a t ex t ended , rad io 
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Figure 1: B lue s p e c t r u m o f 3 C 321 A {top), showing s o m e o f the h igh-exc i ta t ion 
emiss ion lines. T h e s p e c t r u m o f 3 C 321 Β has b e e n sub t rac ted f r o m that o f A in 
the b o t t o m p o r t i o n o f the figure, after removal o f a slight ve loc i ty difference (31 
k m s - 1 ) . A c o n t i n u u m devo id o f emiss ion lines remains . T h e equivalent wid ths 
o f the lines are therefore m u c h greater in Β than in A , a l though their intensities 
are a lmos t indis t inguishable. 
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"knot ." Th i s knot itself lies a long the pa th o f a one-s ided j e t o f length ~ 2 0 " 
w h i c h or iginates in the rad io co re . T h e opt ica l images o f 3 C 321 s h o w c o m p l e x 
emiss ion- l ine regions wi th in the galaxy, al igned rough ly a long the j e t . T h e s e 
character is t ics are u n d o u b t e d l y inconsistent wi th gravi ta t ional lensing. Instead, 
the j e t and ambien t m e d i u m seem to b e interacting in a c o m p l i c a t e d manner , 
especia l ly in the v ic in i ty o f c o m p o n e n t B . 

N o t e that if a lens were indeed responsib le for the op t i ca l appea rance of 
3 C 3 2 1 , it w o u l d p r o b a b l y have t o b e very massive ( M « 1 0 1 2 M 0 , b u t this is 
m o d e l d e p e n d e n t ) . Since 3 C 321 is so nearby, the lensing o b j e c t shou ld b e easily 
v is ib le , unless it is a b lack hole or s o m e other f o r m o f dark mat te r . Galac t ic 
ob jec t s such as neu t ron stars c o u l d p r o d u c e the obse rved separa t ion if the impac t 
pa ramete r were smal l , bu t the lens w o u l d last on ly a shor t t ime . M o r e o v e r , it 
w o u l d b e difficult t o accoun t for ex tended emiss ion o f the t y p e actual ly obse rved . 

4 . C O N C L U S I O N S 

A l t h o u g h at first sight 3 C 321 resembles a gravi ta t ional ly lensed o b j e c t , under 
c loser scrut iny there are m a n y arguments against this interpretat ion. T h e poss i -
bi l i ty o f be ing foo led into thinking that t w o adjacent , ext ragalact ic Η II regions 
hav ing similar spec t ra are lensed images o f a single ga laxy has a l ready been , 
s t ressed b y Halpern , Marsha l l , and Oke (1984 ) , in a detai led s tudy o f 1300 + 361 
A , B . O the r examples o f such galaxies are discussed b y C h e n and Shaver (1982) 
a n d b y He ( 1 9 8 7 ) . 3 C 321 , however , is the first case in w h i c h separate "nuclei" 
w i t h near ly identical Seyfert 2 spec t ra have been identified. Desp i te their h ighly 
unusua l spect ra l p roper t ies , c o m p o n e n t s A and Β are physica l ly dis t inct entit ies, 
a lbei t ve ry puzzl ing ones . The i r or igin , relat ionship t o each o ther , and ionizat ion 
m e c h a n i s m s are no t yet u n d e r s t o o d . 

3 C 321 shou ld therefore serve as a warn ing t o observers a t t empt ing t o 
identify gravi ta t ional lenses wi th low-resolu t ion op t ica l spec t ra a lone . Extens ive 
op t i ca l and rad io observa t ions m a y b e necessary t o de te rmine the t rue nature o f 
lens cand ida tes . O n e mus t beware o f impos to r s , w h o s e superficial character is t ics 
m a y b e str ikingly similar t o those o f lenses. T h i s , toge ther wi th the intrinsic 
differences w h i c h can exist in the spec t ra o f genuinely lensed ob jec t s (see, e.g. , 
Kayse r et al. 1987, and references there in) , m a y render the search for gravi ta-
t ional lenses ve ry difficult indeed . 
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D I S C U S S I O N 

M a c c a c a r o : W h a t d o y o u think is respons ib le for the obse rved p roper t i e s o f 
3 C 3 2 1 , if it is no t a gravi ta t ional lens? 

F i l i p p e n k o : A h , the quest ion I was h o p i n g for! T h e r e are m a n y poss ib i l i t ies , 
n o n e o f w h i c h is conv inc ing at this t ime . Let m e expla in t h e m very briefly; full 
details c a n b e f o u n d in van Breugel et al. ( 1 9 8 7 ) . 

O n e idea is that c o m p o n e n t A is the nucleus , as sugges ted b y the r ad io 
data , and that it emi ts nonstel lar radia t ion w h i c h ionizes the su r round ing gas , 
inc luding that in the off-nuclear kno t , B . T h e great similari ty o f the emiss ion- l ine 
spec t ra o f A a n d B , however , can on ly b e expla ined if the ioniza t ion pa ramete r is 
i ndependen t o f l oca t ion in 3 C 321 , and this is i m p r o b a b l e because the gas d o e s 
no t exh ib i t large spatial densi ty gradients . M o r e o v e r , the abso rp t ion lines in both 
A and Β s e e m t o b e d i lu ted b y featureless con t inua , suggest ing that a sou rce o f 
ioniz ing rad ia t ion is present in b o t h . 

Similar ioniza t ion parameters in A and Β can b e p r o d u c e d if the t rue nu-
cleus is m i d w a y be tween the t w o c o m p o n e n t s . In this case , it mus t b e o b s c u r e d 
b y a dense c l o u d o f dust , o r b y s o m e o ther ob j ec t for w h i c h there is n o indepen-
dent ev idence . Fur the rmore , this m o d e l does no t expla in w h y the rad io co re is 
c lose t o A , no r does it a ccoun t for the nonstel lar con t inua n o t e d a b o v e . 

P e r h a p s c o m p o n e n t s A and Β are like " c o s m i c mir rors" w h i c h reflect the 
s p e c t r u m o f a h idden nucleus be tween t h e m . B u t again, there is n o ev idence for 
thick^dust o r an obscu r ing disk in 3 C 3 2 1 . In add i t ion , light sca t te red f r o m A 
and Β shou ld b e s t rongly po la r ized , whereas actually-i t is n o t . 

C o m p o n e n t s A and Β c o u l d b o t h ha rbo r sources o f ioniz ing rad ia t ion if t hey 
are the nuclei o f t w o merg ing galaxies . A l t h o u g h the general idea o f a merge r is 
no t unlikely, the smal l separa t ion be tween the ex tended rad io kno t and op t i ca l 
c o m p o n e n t Β mus t then b e a co inc idence in 3 C 321 . A l s o , it is difficult t o imag ine 
w h y the ioniza t ion parameters shou ld b e nearly identical in A and B . 

A diffuse source o f ioniz ing p h o t o n s , such as in a " thermal ba th" o f cons t an t 
t empera ture , migh t a c c o u n t for the similar emission-l ine spec t ra in A , B , a n d 
su r round ing reg ions . If s o , 3 C 321 is a un ique o b j e c t , and severe p r o b l e m s are 
encoun te red in a t t empts t o expla in the or ig in o f the diffuse ba th . T h e r ad io da t a 
also s e e m inconsis tent w i t h this hypo thes i s . 
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