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A B S T R A C T . T h e g r a v i t a t i o n a l l e n s m o d e l s i n v o l v i n g e x t e n d e d m a s s 

d i s t r i b u t i o n g e n e r a l l y p r e d i c t a n o d d n u m b e r o f i m a g e s w i t h 

o n e o f t h e i m a g e s c l o s e t o t h e c e n t r e o f t h e p r i n c i p a l l e n s i n g g a l a x y . 

I n a l l t h e o b s e r v e d l e n s s y s t e m s o n l y a n e v e n * n u m b e r o f i m a g e s h a v e 

b e e n u n a m b i g o u s l y d e t e c t e d s o f a r . I t i s d e m o n s t r a t e d t h a t t h e p r e s e n c e 

o f a c o m p a c t n u c l e u s a t t h e c e n t r e o f l e n s i n g g a l a x i e s w o u l d d i m t h e 

" o d d " i m a g e s i g n i f i c a n t l y w i t h o u t a f f e c t i n g t h e r e s t o f t h e i m a g e 

c o n f i g u r a t i o n . 

I t i s a n i n t r i g u i n g f a c t t h a t i n a l m o s t a l l t h e o b s e r v e d 

l e n s s y s t e m s o n l y a n e v e n n u m b e r o f i m a g e s h a v e b e e n u n a m b i g o u s l y 

d e t e c t e d , a l t h o u g h a n i m p o r t a n t p r o p e r t y o f t h e l e n s i n g a c t i o n o f 

e x t e n d e d s m o o t h d i s t r i b u t i o n o f m a t t e r i s t h e g e n e r a t i o n o f a n o d d 

n u m b e r o f i m a g e s ( B u r k e , 1981). I n f a c t , t h e m o d e l c a l c u l a t i o n s w h i c h 

i n v o k e a d o m i n a n t l e n s i n g c o m p o n e n t c o n t r i b u t e d b y a g a l a x y p r e d i c t t h e 

e x i s t e n c e o f a n i m a g e c l o s e t o t h e g a l a c t i c c e n t r e . A n u m b e r o f 

s u g g e s t i o n s h a v e b e e n a d v a n c e d t o e x p l a i n why t h i s " o d d " i m a g e h a s n o t 

b e e n d e t e c t e d s o f a r , n o n e o f w h i c h s e e m c o m p e l l i n g e n o u g h ( C h a n g a n d 

R e f s d a l , 1984; S u b r a m a n i a n , C h i t r e a n d N a r a s i m h a , 1985, N a r a y a n , 

B l a n d f o r d a n d N i t y a n a n d a 1984). 

H e r e we p r o p o s e a s c e n a r i o t o a c c o u n t f o r t h e " m i s s i n g o d d 

i m a g e " p h e n o m e n o n b y m a k i n g u s e o f a m a s s i v e c o m p a c t n u c l e u s t h a t c o u l d 

p o s s i b l y e x i s t a t t h e c o r e s o f g i a n t g a l a x i e s . We a r g u e t h a t s u c h a 

n u c l e u s w i t h e v e n a s m a l l f r a c t i o n (^2%) o f t h e t o t a l g a l a x y m a s s 

c o n t a i n e d w i t h i n a b o u t 50 p c , w o u l d h a v e n e g l i g i b l e i n f l u e n c e o n t h e 

p r o p e r t i e s o f t h e i m a g e s l o c a t e d o u t s i d e t h e c o r e o f t h e g a l a x y . B u t , 

t h e n u c l e u s b e c o m e s g r a v i t a t i o n a l l y e f f e c t i v e i n p u l l i n g t h e o d d 

i m a g e c l o s e r t o t h e g a l a c t i c c e n t r e , a t t h e same t i m e m a k i n g i t 

s i g n i f i c a n t l y d i m m e r . 

C o n s i d e r a s p h e r i c a l l y s y m m e t r i c d i s t r i b u t i o n o f m a t t e r f o r 

t h e c o r e o f t h e l e n s i n g g a l a x y . F o l l o w i n g t h e n o t a t i o n o f B o u r a s s a a n d 

K a n t o w s k i (1975), t h e s c a t t e r i n g f u n c t i o n t h a t r e p r e s e n t s t h e b e n d i n g 
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5 4 2 D. N A R A S I M H A ET A L . 

of light rays for an impact parameter distance small compared to the 
galactic core-radius, may be written as 

where 4*q is the central surface density of the galaxy and 2 0 is the 
complex number giving the image position in the deflector plane. 
Suppose, in addition we consider the effect of a nucleus of mass, 
and radius, with a constant surface density. Then, the scattering 
function of the nucleus is given by 

V*·) = t f £ * · * > U e l < * M 

The image position Z 0 is then related to the source position 2Γ by the 
equation 

with R o s ^ ̂ *^Γ being radius of influence of the nucleus and 
D = (observer-deflector distance) χ (deflector-source distance). 

(observer-source distance) 

For the present problem both /CQ and tc^ exceed unity. In the absence 

of the nucleus the image would have been located at a position 2T 0

Z 

given by * - ( 1 - - β ) -

Writing | r - |z|, | r 0 sr |Zo|and I 2 QT | , the "odd" image without 
the nucleus is located at 

ι r 

After inserting the nucleus the image gets shifted to the position 

The amplification A of the image in the absence of the nucleus is 
obtained as r τ > 

1 r Ar 1 

while, with the nucleus, the amplification A is given by 

A - i l ? - 1 . 
Assume the parent galaxy to have a mass M S x l o M& 

within a core-radius 3 kpc and let us suppose D 600 Mpc. We then 
have /Cf3 6.5. Consider now a nucleus with mass M M * - l o ' ° M Q 
and radius R^-viTopc to get 470. Clearly / C M » AR q and 

Here, 
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J 
T h u s , f o r t h e l o c a t i o n , Γ 0 o f t h e o d d i m a g e , w i t h o u t t h e i n f l u e n c e o f 

t h e n u c l e u s , w i t h i n a c r i t i c a l r a d i u s ct *<ςΧ R0 , t h e i m a g e i n t h e 

p r e s e n c e o f t h e n u c l e u s i s p u l l e d i n t o t h e p o s i t i o n 

T h e a m p l i f i c a t i o n s , b e f o r e a n d a f t e r t h e i n t r o d u c t i o n o f t h e n u c l e u s 

a r e r e s p e c t i v e l y g i v e n b y 

A 1 2 3 Λ | ο ~ * , A ss 4 x l o ~ 
i . e . t h e i n f l u e n c e o f t h e n u c l e u s b e c o m e s e f f e c t i v e i n f u r t h e r d e p r e s s i n g 

t h e i n t e n s i t y o f t h e o d d i m a g e b y a n o r d e r o f 1 0 ^ ( o r , e q u i v a l e n t l y 

d immed b y some 1 0 m a g n i t u d e s ) , b e s i d e s b e i n g b r o u g h t c l o s e r t o t h e c e n t r e 

o f t h e g a l a x y . 

We a d d e d t h e g r a v i t a t i o n a l e f f e c t o f t h e c o m p a c t n u c l e u s o n t h e 

i m a g e p r o p e r t i e s b y a d o p t i n g t h e r e a l i s t i c l e n s m o d e l s w h i c h we h a d 

p r e v i o u s l y c o n s t r u c t e d , w i t h o u t a l t e r i n g a n y o f t h e p a r a m e t e r s o f t h o s e 

m o d e l s ( N a r a s i m h a , S u b r a m a n i a n a n d C h i t r e , 1 9 8 4 ; S u b r a m a n i a n a n d C h i t r e , 

1 9 8 4 ) . T h e m a s s e s o f t h e p a r e n t l e n s g a l a x y r e q u i r e d t o r e p r o d u c e t h e 

o b s e r v e d c o n f i g u r a t i o n t u r n o u t t o b e i n t h e r a n g e 5 χ Ι Ο * ! - 3 χ I O ^ M Q ' 

w i t h t h e m a s s o f t h e n u c l e u s ~+ 1 - 2 χ 1 0 1 0 M @ c o n t a i n e d w i t h i n ^ 5 0 p c . 

T h e c o m p u t a t i o n s s h o w t h a t i n t h e a b s e n c e o f t h e n u c l e u s t h e i n t e n s i t y o f 

t h e "odd" ( t h i r d ) i m a g e i s a b o u t a f e w p e r c e n t o f t h a t o f t h e e x t e r n a l 

b r i g h t i m a g e . B u t t h e i n t r o d u c t i o n o f t h e n u c l e u s d e p r e s s e s t h e 

i n t e n s i t y o f t h e i m a g e b y a f a c t o r a n y w h e r e f r o m 1 0 ^ t o 1 0 ^ , i . e . , t h e 

t h i r d i m a g e i s d immed b y some 6 - 9 m a g n i t u d e s . T h e p r o p e r t i e s o f t h e 

m a i n i m a g e s l i k e t h e i r p o s i t i o n s a n d i n t e n s i t i e s a r e l e f t p r a c t i c a l l y 

u n a l t e r e d b y t h e p r e s e n c e o f t h e n u c l e u s . 

We s h o u l d p e r h a p s s t r e s s t h a t we d o n o t n e c e s s a r i l y i n v o k e 

a n y s i n g u l a r i t i e s l i k e b l a c k h o l e s i n t h e d e n s i t y d i s t r i b u t i o n o f m a t t e r , 

a l t h o u g h s u c h s i n g u l a r i t i e s c a n a l s o p l a y a s i m i l a r r o l e i n e x p l a i n i n g 

t h e a b s e n c e o f t h e "odd" i m a g e . R a t h e r we a t t e m p t t o a c c o u n t f o r t h e 

o b s e r v e d f e a t u r e s o f t h e g r a v i t a t i o n a l l e n s s y s t e m i n t h e f r a m e w o r k o f a 

c o n v e n t i o n a l s m o o t h d e n s i t y d i s t r i b u t i o n b e f o r e a p p e a l i n g t o t h e p r e s e n c e 

o f a n y s i n g u l a r i t i e s . Y o u n g e t a l ( 1 9 7 8 ) h a v e i n f e r r e d f r o m p h o t o m e t r i c 

a n d s p e c t r o s c o p i c o b s e r v a t i o n s t h a t t h e n u c l e u s o f t h e g i a n t e l l i p t i c a l 

g a l a x y M 8 7 c o n t a i n s a c o m p a c t m a s s ~ 5 χ 1 0 ^ Μ Θ w i t h 1 0 0 p c . We h a v e 

s i m p l y d e m o n s t r a t e d t h a t t h e p r e s e n c e o f s u c h a c o m p a c t n u c l e u s i n t h e 

c o r e o f t h e l e n s g a l a x y c a n l e a d t o a s i g n f i c a n t d i m m i n g o f t h e t h i r d 

i m a g e . 
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