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Abst rac t . T h e Mar ine r 5 u l t rav io le t measu remen t s ob ta ined while the spacecraft was in in terp lanetary 
flight a r e in terpreted as L y m a n -a r a d i a t i o n . Th i s r ad i a t i on m a y ar ise f rom (1) t h e sca t te r ing of so la r 
L y m a n -a r ad ia t ion by in te rp lane ta ry a t o m i c hydrogen , (2) the sca t te r ing of so l a r L y m a n -a by a t o m i c 
hyd rogen tha t is present a t t he edge of t he so la r system, or (3) diffusely sca t tered L y m a n -a r ad ia t ion 
from the Ga laxy . T h e M a r i n e r 5 m e a s u r e m e n t s show a symmet ry wi th respect t o t he galac t ic e q u a t o r 
which suggests tha t the major source of t he observed emiss ion is the diffuse galac t ic r ad i a t ion . In the 
M u n c h mode l for the diffuse L y m a n -a r ad i a t i on from a n H i reg ion , the sources of the Lyman -a 
p h o t o n s a re s tel lar ch romosphe re s , t h e p h o t o n s a re scat tered a large n u m b e r of t imes by interstel lar 
a t o m i c hydrogen , and are abso rbed by in ters te l la r dus t . Some of t h e M a r i n e r 5 measuremen t s may 
be a t t r ibu ted t o Lyman -a emiss ion from a n H n region since the field of obse rva t ion scanned the 
edge of the G u m nebu la . 

1. Introduction 

Mariner 5, a planetary spacecraft, performed a number of ultraviolet observations 
while in interplanetary flight to Venus and beyond. In the several weeks following the 
encounter with Venus on October 19, 1967, and before the cessation of radio commu
nications with the Earth on December 1, 1967, the spacecraft executed a series of 
manoeuvres designed to measure Lyman-a radiation emanating from the Galaxy. The 
ultraviolet photometer experiment which was designed to measure the distribution of 
atomic hydrogen in the outer atmosphere of Venus was used in these experiments 
(Barth et al., 1967). The observations were unique in that they were conducted in 
interplanetary space far from the hydrogen coronas of Venus and the Earth, and from 
a spacecraft that was rolling in such a way that the photometer field of view made a 
nearly perpendicular crossing of the galactic plane. 

2. Experimental 

The Mariner 5 ultraviolet photometer consisted of three separate photomultiplier 
tubes each with a caesium iodide photocathode and a lithium fluoride window. Two 
of the channels had their short wavelength responses limited by calcium fluoride and 
barium fluoride filters to provide wavelength bands of 1250-2200 A and 1350-
2200 A, respectively. The channel without a filter responded in the 1050-2200 A 
wavelength interval. The experimental technique, which was designed for planetary 
observations, used the difference in signals between the lithium fluoride and calcium 
fluoride channels as a measure of hydrogen Lyman-a 1216 A radiation. The differ
ence in signals between the calcium fluoride and barium fluoride channels was a 
measure of the atomic oxygen 1304 A line. In astronomical observations all three 
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channels respond to radiation from early type stars. It is, however, still possible to 
interpret the difference in signals between the lithium fluoride and calcium fluoride 
channels as Lyman-a radiation. All three channels had field of view limiters but no 
optics. The full field of view for the lithium fluoride channel as it responded to a point 
source was 6° and for the other two channels was 2.4°. 

The photometer was mounted on the spacecraft so that its view direction made an 
angle of 90° with the spacecraft-Sun line and an angle of 95° with the plane containing 
the Sun, the spacecraft, and the star Canopus. Since the spacecraft was usually stabi
lized on the Sun and Canopus, the ultraviolet photometer viewed a region near the 
ecliptic which slowly changed in ecliptic longitude as the spacecraft traversed its orbit 
about the Sun. On several occasions the spacecraft was released from stabilization on 
Canopus and rolled about the spacecraft-Sun line. During these manoeuvres, the ultra
violet photometer field of view swept along lines of ecliptic longitude. Two such series 
of rolls, one on November 7, 1967, and the other on November 19, 1967, are the basis 
of the observations reported in this paper. At these times the spacecraft was approxi
mately 1 x 10 8 km from the Sun and over 5 x 106 km from Venus. 

3. Observations 

The regions of the celestial sphere that were observed during the rolling manoeuvres 
are shown in Figure 1, which is a chart of ultraviolet stars plotted in galactic coor
dinates. The relative size of the dots represents the magnitudes of the stars as they 
would be measured in the 1350-1600 A wavelength region where the three ultraviolet 
photometer channels had their maximum response. The track of the November 7 roll 
began in the Southern galactic hemisphere and moved initially to decreasing longitude 
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and then northward in latitude. The observation track crossed the plane of the Galaxy 
in the constellation Vela, sweeping to Northern galactic latitudes and then southward 
crossing the galactic plane again, this time in the constellation Cygnus. The width of 
track shown in the figure is 6° corresponding to the full field of view of the lithium 
fluoride channel. 

Data obtained on the November 7 roll are shown in Figure 2. The intensity of 
radiation measured by the lithium fluoride channel is shown as a linear function of the 
position in the roll. In addition, galactic latitude and ecliptic latitude coordinates are 
plotted along the abscissa. Figure 2 displays the data from three sequential rolls of 
the spacecraft, each approximately of 1 hour's duration. This lithium fluoride channel 
data shows responses to discrete ultraviolet objects such as the Large Magellanic 
Cloud, K Vel, and Y\ UMa. When the lithium fluoride channel responds to these 
objects, the calcium fluoride and barium fluoride channels respond as well. How
ever, the lithium fluoride channel measures a signal throughout the roll which the 
other two do not. This signal is interpreted as Lyman-a radiation. The striking thing 
about this Lyman-a signal is that it is not uniform in all directions. To the South of the 
galactic plane, the flux is 5 x 1 0 ~ 4 ergs c m - 2 s - 1 s t e r - 1 , while to the North it is 
7 x 1 0 " 4 ergs c m - 2 s - 1 s t e r - 1 . When the field of view crossed the galactic plane in 
Vela, an enhancement of Lyman-a flux was observed over a region 20° wide. When the 
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Fig . 3. R a d i a t i o n measu red by l i t h i u m fluoride channel d u r i n g N o v e m b e r 19 ro l l . 

field of view crossed the galactic plane in Cygnus, however, a comparable enhancement 
was not observed. 

The observation track of the November 19, 1967, roll is also shown in Figure 1. 
The observations also began in the Southern galactic hemisphere, crossed the galactic 
plane in Vela, scanned through the Northern galactic hemisphere crossing the plane 
again in Cygnus, stopping in the Southern hemisphere. This was a single roll of 
approximately 315°. The data from the lithium fluoride channel for this roll are shown 
in Figure 3. All of the general characteristics of the November 7 rolls are present. 
All three channels respond to hot stars and the Large Magellanic Cloud. The lithium 
fluoride channel alone shows a background signal throughout the roll. The Northern 
galactic hemisphere shows a larger value than the Southern hemisphere. The galactic 
plane crossing in Vela shows an enhancement in Lyman-a, while the crossing in 
Cygnus does not. 

4. Interpretation 

The diffuse Lyman-a glow observed by Mariner 5 may originate from atomic hydrogen 
located (1) within the solar system, (2) at the edge of the solar system, or (3) in the 
interstellar medium. If resonance reradiation of solar Lyman-a by interplanetary 
atomic hydrogen is the explanation of the Mariner results, a density of the order of 
1 0 " 2 atoms c m " 3 is required if the atomic hydrogen is distributed uniformly through-
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out the solar system (Barth et al, 1968). For observations made perpendicular to the 
spacecraft-Sun line, as was the case with Mariner 5, the emission rate is equal to that 
produced by the local volume density of atoms times an equivalent path length of 
7r/2 times the distance of the instrument from the Sun. An interplanetary density of 
1 x 10~ 2 atoms c m " 3 would produce an optical depth of approximately T = 0.1, a 
value that is not in conflict with any spectroscopic observational results. 

Even if the interplanetary medium is devoid of atomic hydrogen, there may be a 
buildup of atoms at the edge of the solar system where the solar wind runs into the 
interstellar medium (Patterson et al, 1963). For a shell of hydrogen atoms at 10 AU 
illuminated by solar Lyman-a, a density of 1 0 " 1 atoms c m - 3 is required to explain 
the observed Mariner 5 intensities. 

These two mechanisms in which the hydrogen atoms scatter Lyman-a radiation 
which originates in the Sun predict that the diffuse Lyman-a glow be distributed uni
formly as viewed from the Mariner spacecraft or at most with a symmetry that is 
oriented with respect to an ecliptic coordinate system. The observations that are 
plotted in Figure 2 show that the asymmetric intensity distribution is oriented with 
respect to the galactic coordinate system and not the ecliptic. This observational 
result suggests that at least some, if not all, of the Lyman-a radiation must come from 
the Galaxy. 

A model of diffuse galactic Lyman-a radiation has been given by Munch (1962). In 
this model, the source of the Lyman-a photons is the chromospheres of late type stars. 
The stellar Lyman-a photons are scattered by interstellar atomic hydrogen until they 
are finally absorbed by interstellar dust. Munch (1962) has calculated that the mean 
distance that a Lyman-a photon travels before being absorbed is 50 pc. In traversing 
that distance some 10 9 scatterings occur. Munch also calculated that the expected 
surface brightness of the diffuse Lyman-a radiation should be 6.4 x 1 0 " 4 erg c m " 2 

s " 1 s t e r " 1 . That this number agrees so well with the Mariner observations is sur
prising but perhaps fortuitous. 

To explain the different intensities observed by Mariner 5 in the Northern and 
Southern galactic hemispheres using the Munch model, one may assume that the 
ratio of interstellar hydrogen to dust is different above the galactic plane than it is 
below the plane. 

Munch (1962) has also pointed out that large local sources of Lyman-a radiation 
may be expected from H n regions, in particular, the extensive Gum H n region that 
is excited by y Vel and ( Pup (Gum, 1952). In an H n region, the ultimate source of 
photons is stellar flux shortward of the Lyman limit from early type stars. Lyman-a 
photons are produced during the radiative recombination of ionized hydrogen. The 
Lyman-a photons are lost in the H n region either by two-photon decay or ionization 
of the excited atom. Lyman-a photons escaping from the H n region eventually are 
lost by absorption on interstellar dust. 

The increase in the diffuse Lyman-a glow that occurred when the Mariner 5 photom
eter swept through Vela may be an observation of the edge of the Gum H n region. 
Unfortunately, it was not possible to obtain observations closer to the center of this 
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region from Mariner 5. If the identification of the brightening of the Lyman-a glow 
with the Gum region can be verified by future observations, it may be possible to 
determine how close this H n region extends to the solar system. 

Observations of Lyman-a radiation were also made in interplanetary space from 
Venera 4 (Kurt and Dostovalov, 1968). The intensities observed from this spacecraft 
were about a factor of 3 lower than those observed from Mariner 5. It has not been 
possible to compare results from the two spacecraft as a function of galactic coordi
nates. 

5. Summary 

The diffuse Lyman-a glow observed by Mariner 5 is attributed at least in part to 
radiation scattered by hydrogen atoms in the interstellar medium. In addition, 
Lyman-a radiation from an H u region may have been observed in Vela. 

Acknowledgement 

The Mariner 5 project is to be commended for conducting the operations necessary 
for these astrophysical observations after the completion of the planetary mission. 
This research has been supported by the National Aeronautics and Space Administra
tion under grant number N G L 06-003-052. 

References 

B a r t h , C . A . , Pearce , J . B . , Kel ly , K . K . , Wal lace , L . , and Fas t ie , W . G . 1967, Science 158 ,1675 . 
B a r t h , C . A . , Wal lace , L . , a n d Pearce , J . B . : 1968, J. Geophys. Res. 7 3 , 2 5 4 1 . 
G u m , C . S . : 1952, Observatory 7 2 , 1 5 1 . 
K u r t , V. G . a n d D o s t o v a l o v , S. B . : 1968, Nature 2 1 8 , 2 5 8 . 
M u n c h , G . : 1962, in Space Age Astronomy (ed. by A . J . D e u t s c h and W. B . Klempere r ) , Academic 

Press , N e w Y o r k , ch . 10, p . 219. 
Pa t te r son , T . N . L . , J o h n s o n , F . S. , a n d H a n s o n , W. B . : 1963, Planet. Space Sci. 1 1 , 767. 

Discussion 

Severny: I have two ques t i ons . F i r s t : H o w d o you expla in the h igh increase in Lyman -a intensi ty 
in h igh galact ic l a t i tudes? S e c o n d : d o you observe t he increase of intensi ty ou t s ide Lyman -a when 
cross ing the M i l k y W a y ? 

Barth: If t h e m o d e l p u t for th by M u n c h (1962) is t he correct exp l ana t i on of t he galact ic Lyman -a 
in tensi ty , t h e n t h e difference i n in tens i ty be tween t h e N o r t h e r n a n d S o u t h e r n galact ic hemispheres 
m a y be explained by a difference in t h e r a t i o of neu t r a l hyd rogen t o dus t in these t w o regions . T h e 
p h o t o m e t e r channe l s t h a t measu red ou t s ide of t he L y m a n -a r eg ion d id n o t m e a s u r e a n increase in 
s ignal when cross ing t h e M i l k y W a y o t h e r t h a n tha t p roduced by ear ly s t a r s . 

Carruthers: W h a t dens i ty of in te rs te l la r hydrogen was as sumed in der iv ing t h e 50 pc m e a n free 
p a t h for L y m a n -a sca t te r ing? 

Barth: I n t h e ca lcu la t ions t h a t were d o n e by M u n c h (1962) for L y m a n -a sca t ter ing in a n H i region, 
t h e densi ty of inters tel lar h y d r o g e n t h a t was used was 1 a t o m c m - 3 . 

Carruthers: If t h e dens i ty is 0.1 c m - 3 ins tead of 1.0 c m - 3 , t h e n t h e sca t te r ing pa th would be com
pa rab l e wi th t h e th ickness of t h e galact ic disk, a n d hence one w o u l d m o r e likely expect a n increase 
in t h e observed emiss ion t o w a r d the galact ic p lane . 

Underhill: W h a t cons te l l a t ion did you cross t h r o u g h when go ing from the N side of the galact ic 
p l a n e t o the S s ide? 
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Barth: Cygnus . 
Henize: C a n you give any es t ima te of t h e densi t ies requi red if t he Vela r a d i a t i o n or ig inates in the 

G u m H I I r eg ion? 
Barth: T h e r e does n o t seem t o be m u c h d o u b t tha t H n regions will p r o d u c e L y m a n - a r ad i a t ion . 

T h e key ques t ion in t he case of t h e G u m H n region is whe the r the re is a n in te rven ing H i region of 
sufficient densi ty t o obscure t h e L y m a n -a . T h i s p rob l em can be solved if add i t i ona l observa t ions a re 
m a d e in t he Vela-Puppis reg ion . 

Henize: I n o t e a large deflection d u e t o t h e Large Mage l lan ic C l o u d . Is it poss ible to use this da t a 
t o e s t ima te the abi l i ty of the L y m a n - a r ad ia t ion t o pene t ra te the in ters te l lar m e d i u m ? 

Barth: T h e observa t ion of galaxies in L y m a n -a r ad ia t ion is po ten t ia l ly a powerful t echnique to 
l ea rn someth ing a b o u t t he dens i ty of in tergalac t ic hydrogen . A pre l iminary examina t ion of the da t a 
in a l l t h ree channe ls f rom t h e M a r i n e r 5 p h o t o m e t e r has no t revealed a n y excess L y m a n -a . Tha t m a y 
b e a t t r i bu ted t o t he Large Mage l l an i c C l o u d . T h e signal t ha t you see in the figure m a y be explained 
as c o m i n g from a large n u m b e r of ear ly type s tars . 

Herbig: If the m e a n free p a t h of a L y m a n -a p h o t o n is so shor t in t he in ters te l la r m e d i u m , would it 
n o t be m o r e significant t o cor re la te these d a t a n o t with galact ic l a t i tude , bu t wi th l a t i tude measured 
wi th respect t o the p lane of G o u l d ' s Bel t? 

Barth: T h a t is a n excellent suggest ion. 
Sunayev: (a) T h e s tars of t he Ga laxy m u s t give emiss ion b o t h in t he L y m a n -a l ine a n d in the 

c o n t i n u o u s spec t rum. In this case the response of 'Venus ' coun te r s wou ld be c o m m e n s u r a t e , whereas 
the i r r a t i o [(1050-1340 A)/(1222-1340 A)] is 100. 

(b) G a s e o u s nebulae and t h e aggregate of H n regions su r round ing h o t s ta rs a l s o c a n n o t ensure the 
observed intensi ty of Lyman -a emiss ion s ince their emiss ion is the result of t he red i s t r ibu t ion of 
s tel lar r ad ia t ion beyond the L y m a n l imi t , which canno t significantly (100-1000 t imes) exceed the to ta l 
emiss ion in the 1225-1340 A b a n d ( K u r t ' s measurements ) . 

(c) Subcosmic ray ion iza t ion losses in t h e in ters te l lar m e d i u m are no t sufficient because thei r energy 
densi ty is no t high enough . 

P r o b a b l y all Lyman -a r ad i a t i on or iginates f rom the in terac t ion of t he stellar wind due to a mass 
loss wi th t he interstel lar m e d i u m . In this case t he w i d t h of the l ine is very large a n d shifted Lyman -a 
q u a n t a reached the observer w i t h o u t sca t te r ing in H i regions . T h e o t h e r possibi l i ty is tha t the origin 
of th i s Lyman -a r ad ia t ion is in t he in ter p l ane ta ry m e d i u m . It m a y be tha t the densi ty of the solar 
wind is higher in the galact ic p lane because of the influence of the G a l a c t i c magne t i c field o n the solar 
w ind . 
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