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ST-- ICA- 10690 

OBSERVATIONS AND INTERPRETATION 

OF ULTRAVIOLET EMISSION FROM THE GALAXY 

Astronomicheskiy Zhurnal 
Tom 44, No.6, 1157-1161, 
Izdatel'stvo ''NAW", 1967. 

SUMMARY 

by V. G. Kurt 6 
R. A. Syunyayev 

Measurements c a r r i e d  out  aboard AIS "VENERA-2" and "VENERA-3" have shown 
t h e  presence of  emission i n  the  1225-1340 A band and i n  t h e  La-line i n  t h e  
d i r e c t i o n  toward t h e  Milky Way. Measurements i n  t h e  above band (flux: 3 * 
erg/cm2* sec -  s t e r a d ,  FA % 3 - lo-' erg/cm2. see. s t e r ad*A)  are explained by t h e  
aggregate  emission of  Galaxy stars and g ive  for t h e  luminos i ty  r a t i o  t h e  va lue  
Fh(1300) /Fh(5560) = 1.5 

'I'nking i n t o  account t h e  i n t e r s t e l l a r  absorp t ion  it i s  shown t h a t  t h e  r a t i o  
o r  volumetric l u m i n o s i t i e s  of s ta rs  of  plane component i s  j~(1300)/j~(5560) = 
= I+ The upper l i m i t  i s  o b t a i n d  
of Galaxy luminosi ty  i n  t h e  u l t r a v i o l e t  band (1225 -1340 A ) ,  which i s  2 * lo4' 
e r g s  sec.  It i s  shown t h a t  t h e  background o f  e x t r a g a l a c t i c  nebulae i n  t h e  
u l t r a v i o l e t  does not exceed erg-cm' .sec . s t e r ad .hz .  The emission i n  
poss ib ly  i s  not  of  g a l a c t i c  o r i g i n  for because of absorp t ion  on d u s t ,  t h e  
w e l l  known sources  o f  La-emission i n  t h e  Galaxy cannot assure  t h e  observed 
f l u x .  An explana t ion  o f  observa t ions  i s  o f f e red  by re-emission of  s o l a r  La- 
quanta on hydrogen of  t h e  i n t e r p l a n e t a r y  medium. The necessary inc rease  of 
plasma dens i ty  t o  t h a t  of  t h e  Milky Way may be connected with t h e  r e g u l a r  galac-  
t i c  magnetic f i e l d .  

i n s t e a d  of  t h e  computed va lue  5.9 [l] . 

* 
* *  

Measurements of th- ultravi let background were conduc-zd in the experiment 
on "VENERA-2" and '"ENERA-3" described in the works 12-  51 with the aid of two 
photon counters with response in the spectral regions 1050-1340 A and 1225-  
1340 A. The first interval was hit by the line La (A 1215.7 A ) ,  while the 2nd 
counter was insensitive t o  that radiation owing to CaF, filter, the transmission 
of which did not exceed 0.1 percent. 
of vision was 7 O ,  in the second it was 20'; the geometrical factor was respect- 
ively 3 . lo-'' and 3 

In the first spectral channel the field 

cm2. sterad. Both devices were installed on the dark 
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s i d e  of the  s t a  ions and a t  
f i e l d  of  vision of Lhe devices  describcd a cone with ape r tu re  angle o f  140'. 
Two maxima were reg i s t e red  during r o t a t i o n ,  the  pos i t i on  of which coincided 
with t h e  Milky Way band ( the  i n t e n s i t i e s  of fluxes i n  both maxima coincide 
wi th in  the  measurement prec is ion .  
t o r  a t  an angle o f  30". 

r o t a t i o n  around an a x i s  d i r e c t e d  a t  the  Sun, the  

The photometer crossed the  g a l a c t i c  equa- 

Readings of the devices from dis tances  of 164,000 and 820,000 km are shown 
i n  F ig .1  and Fig.2 represents  the  pos i t i on  of devices '  f i e l d  of v i s ion  i n  the  
cclestial  sphere.  
liit t h e  f i e l d  of v i s ion .  

During one of the crossings of Milky Way band, the  Earth 
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Fig.1.  Readings of the  devices on A) "',~EhTRA-Z", b) 'WNERA-3" 

The i so t rop ic  background i n  the  channel 1050-1340 A was 5.5 10-5erg/cm2 
sec s t e r a d .  5111e excFss above background, l inked with t h e  plane of  the  Milky Way, 
w a s  2 .5  - 10- erg/cm - s e c . s t e r a d  according t o  measurements on VENERA-2, which 
corresponds t o  20 t o  45 ray le ighs  a f t e r  the  measurement da t a  of VENERA-3. In  
the  1225- 1340 A channel the  i s o t r o p i c  background d i d  not  exceed 10- erg/cm2- 
sec  s t e r a d  [Z] , and the  reading w i t h  respec t  t o  Milky Nay was equal t o  3 - 10- 
crg/cm' .sCc.s terad.  The ex ten t  of the region of luminescence i n  the  l i n e  La 
i n  a d i r c c t i o n  perpendicular  t o  the  g a l a c t i c  equator  cons t i t u t ed  60". 
maxima were s h i f t e d  r e l a t i v e  t o  the  plane of the  Galaxy by a quant i ty  of t he  
order  of 10 t o  20" 

Both 

2. Measurements conducted i n  the  band beyond the  l i n e  La allow us t o  es t i -  
mate the  i n t c g r a l  e f f e c t  of the  Milky Way band i n  the  f a r  u l t r a v i o l e t .  Assuming 
t h e  region of s e n s i t i v i t y  equal t o  100 A, we s h a l l  ob ta in  the  i n t e n s i t y  FA (1300 
A) equal t o  3 - l o - '  erg/cm2 sec s t e r a d  A, perpendicular ly  t o  the  plane of the  
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tlic work [ 1 1  and f o r  low g a l a c t i c  l a t i t u d e s  the  value of 5 .9  was obtained. 1 1 0 1 ~ . -  
cvcr, rocket mcasurcments of s t a r  emission fluxes i n  the  region X 1300 A [ O ,  :] 
1i:ivc shown t h a t  the  s c a l e  of  e f f e c t i v e  temperatures i n  the  u l t r a v i o l e t  i s  s t rong-  
l y  over ra ted  f o r  stars of e a r l y  s p e c t r a l  c l a s ses  def in ing  the  br ightness  i n  the  
considered s p e c t r a l  rcgion. Earlier i t  was noted i n  [ 3 ]  t h a t  the  es t imate  of 
[l] is s t rongly  overrated.  Measurements conducted on VENERA-3 allow us t o  ob- 
t a i n  the  value of t h i s  r a t i o .  According t o  [6] .  the  br ightness  of the  Milky 
\fay nca r  = 50 and 200' is  FA (5560 A) = 2 - l o - '  erg/crn*asec.sterad A,  which 
corresponds t o  Jm.3 from t h e  square degree. Then the  observed value is 

FA ( 1 3 G O  A) / FA (5560 A) 1 . 5  * l o - ' ,  

For t h e  r ad ia t ion  outgoing from the  Galaxy t h i s  r a t i o  w i l l  be d i f f e r e n t ,  f o r  the  
observed r a t i o  i s  s t rongly  a t tenuated  by the  i n t e r s t e l l a r  absorpt ion on dus t*) .  
Rocket measurements show t h a t  the  absorpt ion on dus t  i s  Alr % Zm.0 kps-'  ; and 
A (A  ' 1300) = 5".5 kps-' [8] €or observat ions i n  the  p lane  of the  Galaxy, and 
f o r  obscrvat ions a t  high g a l a c t i c  l a t i t u d e s  the  t o t a l  absorpt ion on the  h a l f -  
thickness  of- the  galaxy is om.3 and om.8 respecti \rcly.  

Oh Oh 

Fig.2.  Pos i t ion  of the f i e l d  of v i s ion  of devices  
i n  the  c e l e s t i a l  sphere 

Absorption i n  the  plane of  t he  Galaxy weakens the  emission seve ra l  times 
over t h e  d i s t ance  of 540 ps (A 5560 A) and 200 ps (A 1300 A ) .  I t  is  obvious 
t h a t  for  an "outside" observer 

[ ] 'A (  l ~ ~ ~ ~ ~ ) / ~ . ; . ( ~ ~ ~ ~ ~ ~ ) ] ~  :L 1.5 x 10-2 ( .'!o-) 4.0 10 
200 

I nclcccl 

whcre & is  the  absorpt ion c o e f f i c i e n t  on d u s t ;  j A  is the  volumetric luminosity 
of  the  combination of s t a r s  of  the  Galaxy.  Hence 
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l/k is equal to 540 and 200 ps for A 5563 and 1300 A. 
4 - lo-’ The ratio thus found is the upper 
limit, since for high galactic latirudes even the found upper limit of the 
flux gives a value of same order. This fact is sufficiently trivial, for the 
population of high galactic latitudes has a later spectral class **). 

The ohtaincd value nf 
is precisely jh(1300) / j ~ ( 5 5 6 0 ) .  

I’ikel’ner was the one who pointed to a possible explanation of such a weak 
emission in the ultraviolet: the width of the absorption line La in spectra of 
stars may be quite significant ( % 100 A ) .  
terval to the absorption line (Ax = 9A) may have led to a substantial attenua- 
tion of the continuous spectrum of stars. As is shown in [3], the main contri- 
bution to the ultraviolet region (1225-1340 A) is made by stars of spectral 
classes from A0 to FO, where this effect must be manifest at maximum. 
of earlier classes the absorption line La must be weaker. This explains that 
such stars are not noticeable during rocket observations [9], and the more so 
since the effective wavelength in [6] was 1370 A. 
tra in the constellation Orion [9] were completed for spectral classes earlier 
than AO. 
already allows us to diminish the theoretical estimate of the flux by about one 
order. Thus, the result obtained may be fully explained. Utilizing the ratio 
obtained we shall find the upper limit of the total luminosity @A (A 1300) of 
the Galaxy in the ultraviolet region. 
tude & = - 20m.3, we shall obtain that the total flux in A 5560 A,QA (5560 A)= 
= 5.6 lo3’  ergs/sec.hz.A and Q(1300 A) 
< The total ultraviolet luminosity of the Galaxy in the wave- 
length range 1225-1340 A does not exceed 2 * l o 4 ’  ergs/sec. 

The closeness of the utilized in- 

For stars 

Observations of stellar spec- 

The one fact only of effective temperature decrease (for A0 8800’K) 

According to the absolute stellar magni- 

2.2 103*  ergs/sec A or Q(A1300) < 
ergs/scc.hz. 

Thus the theoretical estimate of the background from extragalactic nebulae 
in the ultraviolet region, brought up in [3], obtained an experimental corrobo- 
ration, and it results therefrom that the background from extragalactic nebulae 
must not exceed erg/cm’sec-sterad*hz. 

3 .  Let us now pass to the interpretation of the results of measurements 
in the channel 1050-1340 A, where the reading was higher by two orders. It is 
clear that the emission in the line La was measured in the first channel. In 
connection with the coincidence of the emission maximum in this line with the 
direction toward the Milky Way let us consider the possible sources of emission 
in the Galaxy. 

a) The stars of the Galaxy ought to give an emission in the line 
well as in the continuous spectrum. 
would have bcen commensurate, while their ratio is 102 .  Even for the Sun, the 

as 
In this case the readings of both counters 

*) (from the preceding page). It was noted in [ Z ,  31 that absorption on 
elements with low ionization potential is small by comparison with dust. Rocket 
investigations of ultraviolet spectra of stars (1600-1000 A) [9, 101 have shown 
the absence of absorption bands of molecules and of ionization thresholds in 
the interstellar medium. 

rocket observations of Andromeda nebula. 
**) The averaged value of FA (1300) / FA (5560) may be obtained by way of 
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the  coincidence of the  emission l i n e s  of heavy elements assures  a r a t i o  
:_tnd f o r  s t a r s  of ea r l i e r .  spec t r a l  classes t h i s  vnliic m i i s t  he 0 . 3 .  
t h c  e f f e c t  observed may be induced by s t a r s  i n  the  Milky Way band. 

0 . 1 ,  
This is 1.qhy 

b) Gas nebulae and the  coincidence of zones 1111 around hot  s t a r s  cannot 
a s su re  the  emission i n  La with the  ohserved i n t e n s i t y  e i t h e r ,  f o r  t h e i r  glow 
is the  r e s u l t  of reprocessing of s t a r  emission beyond the  Layman threshold ;  
t h i s  cannot s i g n i f i c a n t l y  exceed the  aggregate emission i n  the  1 2 2 5  1340 A 
band. 

c )  
[ll] lead  t o  the  formation of a s u b s t a n t i a l  number of  La-quanta as a r e s u l t  o f  
t he  e x c i t a t i o n  of  the  2p- leve l ,  and a l s o  a t  recombination a t  t h a t  l e v e l .  How- 
ever, during the  s c a t t e r i n g  of  the  formed L,-quanta on n e u t r a l  hydrogen,of the  
in te rs te l la r 'medium,  they rap id ly  per i sh  as a r e s u l t  of absorp t ion  on i n t e r -  
s tellar dus t .  
of ex is tence  of hot  regions p r a c t i c a l l y  f r e e  from dus t .  
of L,-quanta i n  co ld  medium (T Q 1 0 2 0 K )  the  c e n t r a l  p a r t  of t he  l i n e  w i l l  be 
absorbed while  quanta ,  having "emerged" i n  the  wings may be the  cause of the  
observed e f f e c t .  The observed angular dimension of t he  emi t t ing  region,  which 
is Q 60°,  allows us t o  eva lua te  t h e  length of  the  f r e e  pa th  of  quantum /, equal 
by order  of magnitude t o  the  thickness  xf the  e n t i r e  gas d i sk ,  i. e. Q 400 ps.  
However, a t  hydrcgen temperature of ?J 10 O K ,  = 2 10  cm a t  the  cen te r  of t he  
l ine f o r  a concentrat ion of Q 1 c m - 3  * 

The ion iza t ion  lo s ses  of sub-cosmic rays i n  the  i n t e r s t e l l a r  medium 
. 

I t  is t r u e  t h a t  there  remains q u i t e  a hypothe t ica l  p o s s i b i l i t y  
A t  f u r t h e r  d i f fus ion  

Even the  usual absorpt ion on dust  without taking i n t o  account the scatter- 
I t  is poss ib le  t o  by-pass t h i s  d i f f i c u l t y  only ing leads  t o  emission i so t ropy .  

by assuming the  presence of  c l o s e  ob jec t s ,  concentrat ing toward the  plane wi th  
g r e a t e r  s t r eng th  than the  gas ,  and emit t ing a not iceably s h i f t e d  l i n e  La .  
t i n g  the  d iscuss ion  of the  real p o s s i b i l i t y  of ex is tence  of  such ob jec t s  and of 
the  p o s s i b i l i t y  of egress  from them of  La-quanta, we s h a l l  br ing f o r t h  estima- 
tes of  t h e i r  emission i n  Ha.  
t h e  r a t i o  of  p r o b a b i l i t i e s  of l e v e l  e x c i t a t i o n  with main quantum numbex n ,  = 2 
and n l  = 3 is  equal t o  5. 

O m i t -  

During the  l eve l  e x c i t a t i o n  by e l ec t ron  impact 

The r a t i o  of recombination c o e f f i c i e n t s  is  less than (n2 / n l )  = 3.4 ( f o r  
Te Q 104'K it is  equal t o  1 .32) .  Since a t  sub-cosmic ray i n t e r a c t i o n  the  num- 
b e r  of ion iza t ion  and recombination events is equal ,  the  number of emit ted Ha- 
quanta can not  be less than one t h i r d  of the number of La-quanta. 
i n t o  account the  d i f f e r e n t  absorpt ion on i n t e r s t e l l a r  d u s t ,  we s h a l l  ob ta in  
t h a t  t h e  number of  ti,-quanta can not be l e s s  than the  number of La-quanta. Ob- 
se rva t ions  of the  averaged F4ilky Way background i n  ticx con t r ad ic t  the  f ixed  
f lux  by 200 ray le ighs .  
would have bcen not iced  earlier.  

I f  we take 

Besides,  separa te  objec ts  with l a r g e  emission i n  Ha 

I n  the  aggregate one may no t i ce  t h a t  the  e?cplanation of measurements by La 
emission i n  the  Galaxy is of l i t t l e  p robab i l i t y .  

* I f  the  l i n e  La forms i n  a widening s h e l l  of supernova remnants, the  
requi red  ve loc i ty  w i l l  exceed l o 3  km/sec ~ 1 2 1 .  
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J) 'here  remains the  p o s s i b i l i t y  of explaining t h e  observed e f f e c t  by re- 
cmission of- the  l i n e  I,, from the  Sun by hydrogen atoms i n  interpl9netar-y mcdizm. 
(which determines the  i s o t r o p i c  hackground) . The concent ra t ion  of the  observed 
emission i n  the  plane of the  Galaxy poin ts  t o  the  increased number of hydrogen 
atoms on the  v i s u a l  ray i n  t h a t  d i r ec t ion .  The Galaxy may inf luence the  i n t e r -  
p lane tary  medium only owing t o  the  presence of an ordered magnetic f i e l d  and 
i n t e r s t e l l a r  wind. 

The presence of the  g a l a c t i c  f i e l d  leads t o  s o l a r  wind flow i n  a cy l inder  
whose a x i s  i s  p a r a l l e l  t o  the  vector  of f i e l d  i n t e n s i t y ,  and t h i s  means t h a t  it 
l ies i n  the  plane of  the  Galaxy [13].  The grooved (channelled) plasma i n s t a b i -  
l i t y  and the  motion of the  Sun r e l a t i v e  t o  the  i n t e r s t e l l a r  medium may, f o r  
example, l ead  t o  cy l inde r  transformation onto a d isk  ly ing  i n  the  g a l a c t i c  plane.  

If H ?J 3 - l o - '  oe ,  the f i e ld  and wind pressures  equal ize  a t  the  distance 
of 15 a .u .  To explain t h i s  e f f e c t  a neu t r a l  hydrogen pressure  i n  the  channel 
of the  order  of l o - *  cm-3 is required,  which cannot be explained by recombina- 
t i o n  i n  the  s o l a r  wind. 

The authors  a r e  g r a t e f u l  t o  S. B .  P ike l ' ne r  f o r  d i scuss ing  the  work. 
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Mcasurcnients on AIS 'WNERA-4" disclosed for Milky Way a flux in La nearly 
of 200 raylcighs.  
stars, or with charge-exchange of subcosmic protons (E = 10-100 kev). 

This f l u x  cannot be linked either with fix outflow from hot 
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