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A b s t r a c t . S o l a r wind p r o t o n s i m p i n g i n g on i n t e r p l a n e t a r y d u s t g r a i n s a r e 
t r a p p e d , d e i o n i z e d , and s u b s e q u e n t l y d e s o r b e d . The s t e a d y s t a t e d i s t r i 
b u t i o n o f desorbed n e u t r a l hydrogen i n s i d e o f 0 .4 AU c a n be deduced by 
o b s e r v a t i o n o f r e s o n a n t l y s c a t t e r e d s o l a r 121.6 nm r a d i a t i o n . C a l c u l a t e d 
i n t e g r a l i n t e n s i t i e s and s p e c t r a l p r o f i l e s a r e g i v e n , showing t h e c l e a r 
s p e c t r a l s e p a r a t i o n o f t h e d i f f e r e n t r a d i a t i o n components . G i v e n a s p e 
c i f i c s o l a r wind p r o t o n f l u x , t h e i n t e r p l a n e t a r y d u s t d i s t r i b u t i o n can 
be d e t e r m i n e d . C o n v e r s e l y , d u s t d e n s i t y p r o f i l e s from z o d i a c a l l i g h t 
measurements can be used t o deduce s o l a r wind p r o t o n f l u x e s a t h e l i o c e n 
t r i c d i s t a n c e s o f 0 .4 t o 0 .15 AU. O b s e r v a t i o n s o f l a t i t u d i n a l and s h o r t -
term temporal p r o t o n f l u x v a r i a t i o n s seem f e a s i b l e . 

S o l a r wind p r o t o n s impinge on i n t e r p l a n e t a r y d u s t g r a i n s o r b i t i n g 
t h e sun . Depending m a i n l y on g r a i n c o n s t i t u t i o n and p r o t o n e n e r g y , t h e y 
p e n e t r a t e about 10 t o 30 nm i n t o t h e m o l e c u l a r l a t t i c e o f t h e g r a i n s . 
W i t h a h i g h e f f i c i e n c y £ t h e p r o t o n s a r e t r a p p e d (£ > 0 .9 ) and s u b s e 
q u e n t l y d e i o n i z e d . The newly formed hydrogen atoms a r e r e t a i n e d , p o s s i 
b l y e x p e l l i n g o t h e r , p r e v i o u s l y t r a p p e d hydrogen atoms from the l a t t i c e . 
S a t u r a t i o n o f the d u s t g r a i n s u r f a c e l a y e r i s r e a c h e d , depending on t h e 
g r a i n t e m p e r a t u r e , a t i r r a d i a t i o n l e v e l s o f l e s s t h a n 5 * 1 0 ^ p r o t o n s 
c m - 2 . For a mean s o l a r wind p r o t o n f l u x o f 4 . 8 # 1 0 9 c m - 2 s~* a t 0 .2 AU 
t h i s o c c u r s a f t e r 1200 d; t h u s i t i s s a f e t o assume t h a t a l l e x i s t i n g 
d u s t g r a i n s w i t h i n t h e i n n e r s o l a r system a r e s a t u r a t e d by h y d r o g e n . 
T h i s c o n d i t i o n o f t h e d u s t g r a i n s u r f a c e s i m p l i e s t h a t v i r t u a l l y no 
a d d i t i o n a l hydrogen can be r e t a i n e d , and t h a t , on t h e a v e r a g e , f o r each 
i m p i n g i n g s o l a r wind p r o t o n one hydrogen atom i s i m m e d i a t e l y r e l e a s e d 
from t h e s u r f a c e . O n l y a minor f r a c t i o n o f t h e i m p i n g i n g p r o t o n s i s e x 
p e c t e d t o be " r e f l e c t e d " a s charged p a r t i c l e s by q u a s i - e l a s t i c c o l l i s i o n 
p r o c e s s e s i n t h e t o p s u r f a c e l a y e r ( L o r d , 1968; Bi ih ler e t a l . , 1966) . 

Assuming a c o n t i n u o u s p r o d u c t i o n o f hydrogen by "dust d e i o n i z a t i o n " , 
t h e p r o d u c t i o n r a t e P h and t h e l o s s terms L can be w r i t t e n as (see R i p 
ken and F a h r , 1979): 

P. = N v £ T (r) = L , (N ) + L (N, ) + L _ . (N ) (1) h p rel ph h ex h eli h 

(Npi solar wind proton density; v r e - j _ : relative velocity between dust 
grains and impinging p r o t o n s ; T(r): effective geometrical cross section 
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O F D U S T G R A I N S ; L P H : P H O T O I O N I Z A T I O N R A T E O F D U S T G E N E R A T E D H Y D R O G E N ; 
L E X : C H A R G E E X C H A N G E R A T E ; L E ^ ^ : E L E C T R O N I M P A C T I O N I Z A T I O N R A T E ; N ^ : 
D E N S I T Y O F D U S T G E N E R A T E D H Y D R O G E N . E Q . ( 1 ) D E S C R I B E S T H E S T E A D Y S T A T E 
C O N D I T I O N O F T H E D U S T G E N E R A T E D H Y D R O G E N A T O M S . F O R A K N O W N I N T E R P L A N E 
T A R Y D U S T D I S T R I B U T I O N I N C L U D I N G T ( R ) ( E . G . , O P T I C A L L Y D E T E R M I N E D B Y 
Z O D I A C A L L I G H T M E A S U R E M E N T S ) , T H E S O L A R W I N D P R O T O N F L U X V R E L C A N B E 
D E D U C E D F R O M H Y D R O G E N D E N S I T Y O B S E R V A T I O N S . I T I S T H U S P O S S I B L E T O D E 
T E R M I N E S O L A R W I N D P R O T O N F L U X E S A T H E L I O C E N T R I C D I S T A N C E S O F R > 0 . 1 5 A U . 
C O N V E R S E L Y , I N A S S U M I N G A S P E C I F I C S O L A R W I N D F L U X , T H E D U S T D I S T R I B U 
T I O N I N I N T E R P L A N E T A R Y S P A C E C A N B E D E T E R M I N E D W I T H O U T R E S O R T I N G T O 
O P T I C A L O B S E R V A T I O N S . 

T H E F E A S I B I L I T Y O F H Y D R O G E N D E N S I T Y D E T E R M I N A T I O N S I N S I D E T H E O R B I T 
O F T H E E A R T H I S E X A M I N E D N E X T . A N A L O G O U S T O T H E B A C K S C A T T E R O F S O L A R 
E U V R A D I A T I O N B Y I N T E R S T E L L A R N E U T R A L G A S ( I N T E N S I T I E S 1 ^ ) , S O L A R 1 2 1 . 6 
N M R A D I A T I O N I S S C A T T E R E D B Y D U S T G E N E R A T E D H Y D R O G E N ( I N T E N S I T I E S 1 ^ ) . 
M O D E L C A L C U L A T I O N S L O C A T E T H E M A I N R A D I A T I O N S O U R C E S A L O N G T H E L I N E O F 
S I G H T : F O R T H E D U S T C O M P O N E N T T H E Y L I E C L O S E T O T H E S U N , W H E R E A S F O R T H E 
I N T E R S T E L L A R C O M P O N E N T , D E P E N D I N G O N T H E V I E W I N G P O S I T I O N A N D O R I E N T A 
T I O N O F T H E I N S T R U M E N T , T H E Y L I E E I T H E R W I T H I N 0 . 4 A U O F T H E O B S E R V E R 
O R A B O U T 2 A U T O 2 0 A U A W A Y F R O M H I M . I N T E G R A T E D I N T E N S I T I E S A L O N G T H E 
L I N E O F S I G H T A R E S H O W N I N F I G . 1 A S F U N C T I O N S O F S O L A R O F F S E T A N G L E Y 
A N D T I M E O F O B S E R V A T I O N F R O M E A R T H . C L E A R L Y , S U M M E R O B S E R V A T I O N S R E V E A L 
D O M I N A N T I N T E N S I T I E S 1 ^ F O R I *Y I<15 , W H I L E S P R I N G O B S E R V A T I O N S Y I E L D 
I ^ > I ( J F O R R E A S O N A B L E S O L A R O F F S E T A N G L E S ( Y > 7 . 5 ) . I N O R D E R T O D E T E R M I N E 

A C C U R A T E L Y B Y M E A N S O F B A C K S C A T T E R O B S E R V A T I O N S , I T W I L L T H U S B E N E C 
E S S A R Y T O S E P A R A T E T H E T W O S I G N A L S 1 ^ A N D 1 ^ S P E C T R O S C O P I C A L L Y . F O R B O T H 
O B S E R V I N G P O S I T I O N S A N D A N O F F S E T A N G L E Y = L O T H E C A L C U L A T E D S P E C T R A A R E 
G I V E N I N F I G . 2 , E X H I B I T I N G S T R O N G L Y D O P P L E R - S H I F T E D C O M P O N E N T S . E M P L O Y 
I N G S U I T A B L E I N S T R U M E N T A T I O N ( R E S O N A N C E A B S O R P T I O N C E L L S O R E U V S P E C T R O 
M E T E R S ; B L A M O N T E T A L . , 1 9 7 5 ; A R T Z N E R , 1 9 7 8 ) , T H E G E O C O R O N A L , I N T E R 
S T E L L A R , A N D D U S T G E N E R A T E D C O M P O N E N T S C A N R E A D I L Y B E S E P A R A T E D A N D 
A N A L Y Z E D . 

F I G U R E 1 . C A L C U L A T E D I N T E G R A T E D 1 2 1 . 6 N M R A D I A T I O N I N T E N S I T I E S A S F U N C 
T I O N S O F S O L A R O F F S E T A N G L E Y . F U L L L I N E S : I D ; D A S H E D L I N E S : I ± , O B S E R 
V A T I O N T I M E J U N E 2 1 ; D A S H E D - D O T T E D L I N E : I . , O B S E R V A T I O N T I M E M A R C H 2 1 . 
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Figure 2. Calculated spectral profiles of resonantly scattered solar 
121.6 nm radiation. Solar offset angle of line of sight is 10 . Full 
line: dust generated component, strongly doppler-shifted due to orbital 
velocity of dust grains; dashed line: interstellar component, observa
tion time June 21; dashed-dotted lines: interstellar component, obser
vation time March 21, with maximum at 29.25 R«pm~*; hatched area: geo-
coronal component, temperature 10^ K, optically thick. 

The aforementioned desorption of hydrogen from saturated dust grain 
surfaces indicates that solar wind flux changes are instantaneously re
flected in equilibrium hydrogen densities. This seems to indicate that 
determinations of temporal and spatial variations of the proton flux 
close to the sun are feasible. The line-of-sight source function of dust 
generated hydrogen backscatter radiation is peaking strongly and the 
corresponding spectrum exhibits maximal doppler shifts at the closest 
approach to the sun. Thus, for small solar offset angles (y<lO ) the 
linear extent of the source region producing the spectral intensity 
maximum of is less than 0.1 AU, and flux variations in solar wind 
structures of limited spatial extent are expected to be observable al
ready at solar distances of about 0.15 AU. 

Analogous calculations for interstellar and dust generated neutral 
helium and solar wind helium ions are currently being carried out, as 
well as extensions of the models out of the dust plane of symmetry. 
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DISCUSSION 

Callebaut: Why is there a saturation for the dust to absorb the 
impinging ions? (Some materials are capable to absorb tremendous 
amounts of hydrogen.) 

Ripken: Saturation of dust grains by impinging and subsequently 
trapped and neutralized protons occurs when an approximate 1-to-l 
correlation with the lattice atoms of the grain is reached (Lord, 1968). 
No more hydrogen atoms can be retained within the dust grain crystal 
lattice, and desorption takes place at a rate comparable to the 
trapping rate of protons. These considerations are valid for freshly 
exposed silicate surfaces; radiation damage and "space weathering11 will 
reduce, possibly drastically, the hydrogen retention capabilities of 
the grains. 

Kuperus: Could the presence of the neutral particles influence the 
dissipation of MHD waves, e.g., by ambipolar diffusion? 

Ripken: The model calculations we have performed are for a steady 
state problem. Possible time dependent phenomena have not been 
examined yet. However, I do not believe that neutral particles can 
appreciably influence MHD waves in the solar wind, or in general 
solar wind dynamics, since the maximum density of dust generated 
hydrogen, derived from our standard model at about 0.4 AU, is only 
2.5 • lO"^ cm~3. This compares with a solar wind proton density of 
about 35 cm""^ yielding a ratio of N^/N^ = 7.1 • 10~"6. 
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