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A B S T R A C T . G r a v i t a t i o n a l m i c r o - l e n s i n g due t o s t a r s i n t h e 
d e f l e c t i n g g a l a x y i n f l u e n c e s t h e b r i g h t n e s s a n d t h e s p e c t r a 
o f t h e m a c r o - i m a g e s . T h u s d i f f e r e n c e s i n t h e s p e c t r a o f 
d i f f e r e n t m a c r o - i m a g e s a r e n o t a u t o m a t i c a l l y an a r g u m e n t 
a g a i n s t g r a v / i t a t i o n a l l e n s i n g . F u r t h e r m o r e c h a n g e s i n t h e 
s p e c t r a due t o m i c r o - l e n s i n g may g i v e i n f o r m a t i o n s on t h e 
q u a s a r s t r u c t u r e . F r o m h i g h a m p l i f i c a t i o n e v e n t s t h e 
b r i g h t n e s s p r o f i l e o f t h e s o u r c e may be o b t a i n e d . T h e t i m e 
s c a l e o f t h e h i g h a m p l i f i c a t i o n e v e n t i s p r o p o r t i o n a l t o 
t h e s o u r c e r a d i u s a n d i n v e r s e p r o p o r t i o n a l t o t h e 
t r a n s v e r s a l v e l o c i t y . Due t o t h e l a r g e b r i g h t n e s s g r a d i e n t 
by a h i g h a m p l i f i c a t i o n e v e n t , a , f p a r a i l a x - e f f e c t M o c c u r s , 
f r o m w h i c h t h e t r a n s v e r s a l v e l o c i t y may be o b t a i n e d , a n d 
t h e r e b y t h e s o u r c e r a d i u s ( R = A t ' l / ^ ) . U e r o u g h l y e s t i m a t e 
0 . 3 h i g h a m p l i c a t i o n e v e n t s p e r y e a r f o r a l l g r a v i t a t i o n a l l y 
l e n s e d q u a s a r s . F r e q u e n t m o n i t o r i n g s h o u l d be c a r r i e d o u t 
i n o r d e r t o p r e d i c t h i g h a m p l i f i c a t i o n e v e n t s a s e a r l y a s 
p o s s i b l e · 

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

G r a v i t a t i o n a l m i c r o - l e n s i n g (GFiL) d u e t o s t a r s i n an 
i n t e r v e n i n g g a l a x y ( m a c r o - l e n s ) may l e a d t o a s p l i t - u p o f 
t h e m a c r o - i m a g e s i n t o s e v e r a l m i c r o - i m a g e s · 

A l t h g u g h t h e s e p a r a t i o n o f t h i s m i c r o - i m a g e s i s o f t h e 
o r d e r 10"" a r c s e c ( u n o b s e r v a b l e ) , o b s e r v a b l e e f f e c t s o c c u r . 
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Changes in brightness and in the spectra of the macro-
images may lead to important informations on quasars. 

2. SPECTRAL EFFECTS 

2.1. Chromatic Effect 

For an extended source the mean amplification < A > must be 
calculated by integration over the source. If the source 
radius depends ocp the wavelength, <A> depends on the 
wavelength, too. 

Thus, the effect of G ML is stronger for compact sources 
(e.g. quasar continuum source) than for more2extended 
sources (e.g. quasar emission line regions). 

2.2. Equivalent Width 

Since the source radius is different for continuum and 
emission lines, <A> is also different and GML can^there fore 
change the equivalent width of the emission lines. 

2.3. Emission Line Profiles 

If the emission line profile varies over the source (e.g. 
due to rotation) and if A varies over the source, different 
parts of the profile are differently amplified by GML, 
resulting in co i f fèrent emission line profiles for the 
macro-images. 

3. HIGH AMPLIFICATION EVENTS 

3.1. Critical Curves 

The curves in the source plane where A-* 0 0 are called 
critical curves. If a compact source crosses a critical 
curve, two micro-images appear or disappear and a typical 
asymmetric peak occurs in the light curve (High 
Amplification Event (HAE)). 

3.2. Brightness Profile and Source Radius 

By comparison of an observed light curve with the 
theoretical light curve of a HAE, the brightness profile 
of the source (perpendicular to the critical curve) can be 
obtained. Especially, multiple sources may show up as 
multiple peaks in the light curve. 

Since the HAE are eclipse-like events, their time 
scale is proportional to the source radius. 
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3.3· T i m e s c a l e o f HAE 

T h e t i m e s c a l e o f a HAE f o r a t y p i c a l l e n s e d q u a s a r ( s o u r c e 
r a d i u s 10"" p c , t r a n s v e r s a l v e l o c i t y \/j=1000 k m / s ) i s o f t h e 
o r d e r C.1 y r . F o r more e x t r e m c a s e s ( e . g ^ 2237 + 0 3 0 5 ) t i m e 
s c a l e s a s s h o r t a s 0.01 y r a r e p o s s i b l e . 

3.A. B r i g h t n e s s G r a d i e n t 

T h e s t e e p e s t s l o p e i n t h e l i g h t c u r v e i s t y p i c a l l y o f t h e 
o r d e r 1 m a g / w e e k (1 m a g / d a y f o r e x t r e m c a s e s ) . T h i s s l o p e 
i s d u e t o a s p a t i a l b r i g h t n e s s g r a d i e n t a t t h e o b s e r v e r : 
••25 m a g / A . U . f o r a t y p i c a l l e n s e d q u a s a r , 2.5 m a g / A . U . 
f o r e x t r e m c a s e s l i k e 2237 + 0 3 0 5 . 

T h i s g r a d i e n t i s e a s i l y o b s e r v a b l e by " s p a c e t e l e s c o p e s 1 1 

£ • • 1 A·U· a w a y f r o m t h e e a r t h . F r o m t h e t i m e l a g b e t w e e n 
t h e l i g h t c u r v e s m e a s u r e d by t h r e e o b s e r v e r s t h e t r a n s v e r s a l 
v e l o c i t y ^ - p e r p e n d i c u l a r t o t h e c r i t i c a l c u r v e c a n be 
o b t a i n e d · Now t h e s o u r c e r a d i u s c a n b e o b t a i n e d f r o m t h e 
t i m e s c a l e o f t h e HAE ( R = A t * l / j )· F o r v e r y s m a l l v e l o c i t i e s 
t h e a n n u a l m o t i o n oj£ t h e e a r t h may show up a s o s c i l l a t i o n s 
i n t h e l i g h t c u r v e . 

3 . 5 . F r e q u e n c y o f HAE a n d M o n i t o r i n g 

liie r o u g h l y e s t i m a t e 0.1 H A E / y r f o r 2 2 3 7 ' + 0 3 Q 5 2 a n d 0.3 H A E / y r 
f o r a l l k n o w n g r a v i t a t i o n a l l y l e n s e d q u a s a r s . 

I n o r d e r t o p r e d i c t a HAE i n t i m e , we p r o p o s e a 
f r e q u e n t m o n i t o r i n g o f l e n s e d q u a s a r s . T h e t i m e i n t e r v a l 
s h o u l d be l e s s t h a n o n e t h i r d o f t h e t i m e s c a l e o f a H A E , 
i . e . a b o u t 10 d a y s f o r a t y p i c a l l e n s e d q u a s a r , a n 2 d a y s 
f o r 2237 + 0 3 0 5 . 

4. O B S E R V A T I O N A L E V I D E N C E FOR GML 

I f a l e n s e d q u a s a r s h o w s i n t r i n s i c v a r i a t i o n s o n l y on t i m e 
s c a l e s much l a r g e r t h a n t h e t i m e d e l a y b e t w e e n t w o i m a g e s , 
t h e b r i g h t n e s s r a t i o b e t w e e n t h i s i m a g e s w o u l d , w i t h o u t 
m i c r o - l e n s i n g , b e f a i r l y c o n s t a n t . T h u s , i f c h a n g e s o f t h e 
b r i g h t n e s s r a t i o a r e o b s e r v e d , t h e y w o u l d be a c l e a r 
e v i d e n c e f o r m i c r o - l e n s i n g i n one ( o r b o t h ) m a c r o T ^ m ^ g e s . 
A v a r i a t i o n o f t h i s k i n d h a s a l r e a d y b e e n r e p o r t e d ' f o r 
t h e c o m p o n e n t s A . a n d A 2 o f t h e m u l t i p l e q u a s a r 1 1 1 5 + 0 8 0 
( s e p a r a t i o n 0.5", e s t i m a t e d t i m e d e l a y a f e w d a y s ) . T h i s 
g i v e s e v i d e n c e f o r G M L , a l t h o u g h f u r t h e r o b s e r v a t i o n s a r e 
n e e d e d t o e x c l u d e i n t r i n s i c s h o r t - t i m e v a r i a b i l i t y o f t h e 
ob j e c t . 
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A C K N O W L E D G E M E N T . T h i s w o r k i s s u p p o r t e d i n p a r t by t h e 
D e u t s c h e F o r s c h u n g s g e m e i n s c h a f t u n d e r A z . R e 4 3 9 / 3 . 
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DISCUSSION 

TURNER: In complementary work, ray Princeton colleague B. PaczynsH, 
has carried out Monte Carlo simulations of microlensing which often 
show substantial step function-like changes in the amplification. If 
microlensing affects continuum and emission line regions differently, 
this could easily produce, large spectral differences between two macro 
lens images. 
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