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The eosmic neutrino density hitherto produced by the stars is estimated. Experimental 
determination of this quantity would be of great importanee and any diserepancy between 
estimated and experimental value would be of great consequence for cosmogony. A brief 
review of the indirect (gravitational) and direct (atomphysical) possibilities of observation 
is given. 

w  

Recent ly  it  has become evident  t ha t  the  neutr inos  p lay  an i m p o r t a n t  
role in cer ta in  periods of  the  evolut ion of the  stars ,  and  t h a t  t h e y  have  to be 
considered as one of  the  mos t  c o m m o n  cons t i tuents  of  the m a t t e r  of  the 
Universe.  

In  the  stars  h e a v y  e lements  are being bui l t  up f rom hydrogen ,  this 
process being accompan ied  b y  the  reac t ion  

p+ - - > n - f - e  + -~- v . (1) 

One can es t imate  easily, how m a n y  neut r inos  have  been produced  by  the s tars  
up to now. According to da ta  ob ta ined  b y  as t ronomica l  observa t ions  abou t  
2/a of the known m a t t e r  of  the Universe  is hydrogen ,  the  tes t  is r ep resen ted  b y  
the  h e a v y  elements .  This  means,  t h a t  ir  fo rmer ly  the baryonic  charge  of the  
Universe  was carr ied exclusively b y  pro tons ,  up to now 1 0 - - 2 0 %  of t h e m  
have  t r a n s m u t e d  into  neutrons .  According to (1) the  b i r th  of every  n is accom- 
pan ied  b y  the  b i r th  of  a r. The energy of the fl neutr inos  is g rea te r  t h a n  or 
equal  to 1 MeV. Consequent ly ,  the  mass  concen t ra t ion  of the neut r inos  of 
t he rmonuc lea r  origin (as compared  to the  a tomic  mass dens i ty  e* ) is abou t  
0.1~o today .  Since, according to the as t ronomica l  es t imat ion ,  ~* ~-, 2 �9 10 -2~ 
g c m - a ,  the mass  dens i ty  of  fl neutr inos  tu rns  out  to be Q, ,~ 10-a2g cm -3,  
and  the  in t ens i ty  I~(v) of the  overal l  neu t r ino  rad ia t ion  l~(v) ~-- 106 v c m - %  -1 

[1]. 
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The actual  density is probably overest imated by having taken the mean 
energy of the neutrinos to be 1 MeV, because the energy of the neutrinos, the 
origin of which is far from here, m a y  be considerably decreased by the DOPPLER 
shift. But  ir is not probable t h a t  this would cause a change in the order of 
magni tude .  

Natura l ly ,  the jq+-decays accompanying the thermonuclear  reactions 
ate not the uniquely possible sources of the neutrinos.  In the case of a direct 
(ev)(ev) interaction a considerable part  of the thermal  radiat ion inside a celestial 
body of a tempera ture  above lO s ~ is carried by v-~ pairs, independent ly  
of the chemical composition [2, 3, 4, 5]. Let  us es t imate  the neutr ino con- 
t r ibut ion to this thermal  radia t ion and the densi ty of ~ of thermal  origin. 
The calculation can be carried out  on the basis of a special star model. Let  us 
choose the model proposed by  C. I-IAYASrlI and R. C. CAMERO~ and worked 
out by  them in detail for a giant  star of mass 15.6 M| --- 3.1 �9 1034 g [6]. On 

Period 

Contraction 
H ~ He 
He ~ C 
C -~Ne 
Ne ~ Fe 
Explosion 

Table 

years in 10 s~ ergs units 

- - - 1  410 --3------ T __10 -3 156 440 28 --  - -  
12 69 ' 72 

10 -~ 0"05 ] 6i] ~ 01--i1 ~_ ~~ 2480 

10-G 1 3 0.2 

hand of this model, they describe the development in the course of t ime of the  
stellar material ,  from the initial s tate,  containing 90% hydrogen,  to the super- 
nova explosion. The neutrino luminosi ty  of the star is determined for fl neutri- 
nos by the thermonuclear  reactions occurring in the stars and for the thermal  
v-u pair radiat ion by the distr ibution of the density and temperature  in the 
center of the  star. In the supernova state also such › are produced 
(and ejected) which show /~--decay, so they  are Y-active (e.g. the na tura l  
radioactive elements on the E a r t h  are of this kind). 

The energies radia ted during certain periods of the evolution of a giant  
star, calculated according to the HAYASHI--CAMERON model are summarized 
in the Table. I t  can be seen, t h a t  between the format ion of the star and the 
supernova explosion al together about  2%o of the rest energy of the stellar 
mat te r  has been liberated as radiat ion.  The radiated energy is distr ibuted in 
the following way:  in the form of thermal  optical radiat ion 540 �9 105o erg 
(88o/o), in the form of ~ neutr inos 42 �9 1050 erg (7%), in the forro of/~ anti- 
neutrinos 0.01 �9 102o erg (--~ 1%) and in the forro of thermal  neutr ino pairs 
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34" 10 £ erg (50/o). Our resuhs  mean t ha t  if all the  stars obeyed the HAYASHI--- 
CAMERO~ model exac t ly  and if  all the  stars reacbed the  final stage of their  
evolution,  the mass densi ty  o(r) of the neut r ino  radiat ion being present  in 
the  Universe would be 4/3 t imes as great  as O~(r), while the  an t ineut r ino  
densi ty  ~(~) would be 1/3 ~~(v). 

Most stars have  not  ye t  reached the f inal  stage of their  evolut ion,  and 
the  most common stars are dwarfs, the evolut ion of wbicb is not  ye t  under- 
s tood in enough detai l  to allow a comprehensive  calculation. I t  is probable,  
however,  t ha t  in the case of a dwarf  s tar  the  t empera tu re  is lower and the 
degeneracy is s t ronger tban  in the case of a giant star.  Therefore  the rat io  
Eth(r~)/E~(r) is smaller in the case of the dwar f  stars t h an  it would be accord- 
ing to the HAYASHI--CAMEROiN Jnodel. (The processes of high v-u product-  
iv i ty  are slowed down and other  processes of small p roduc t iv i ty  beconie 
dominat ing  [7, 8, 9].) Ir  seems to be cer ta in  t h a t  

O(v) < 10 -92 g cm -3, 0(~) ~ 3 ~(v) (2) 

is a good est imation of the densi ty of the neutr inos occurring in the Universe. 
The average energy of a neutr ino is not  greater  than  1 MeV, only a small 
f ract ion of them has energies of 2 - -3  MeV. (We should like to gire  a more 
accurate  es t imat ion in anotber  paper  [10].) 

w 

One m a y  ask whether  there  is another  possible source which m a y  make an 
essential cont r ibut ion  to the present  neutr ino densi ty?  h i s  not  probable  tha t  
ano ther  react ion does exist,  which has escaped notice and which could pro- 
duce a the rmal  r-~ pair  radia t ion of an in tens i ty  greater  t han  1 erg g-1 s-1 
in the circumstances t ha t  reign in the inter ior  of the dwarf  stars (degenerated 
gas of 107--10 s ~ tempera ture) .  One can ra the r  imagine t h a t  besides the 
short- l ived pre-supernovae,  there  is a considerable aInount  of m a t t e r  in the 
Uni~erse which is in the  ideal gas s ta te  and is of about  109 ~ t empera tu re .  
Here one ma y  tb ink  of certain types of var iable  stars in a cer ta in  in terval  
of the period of their  var ia t ion;  or r a the r  of the  central  parts  of our Galaxy 
or other  galaxies. Since the centers of the galaxies make u p a  considerable 
pa r t  of the ma t t e r  of the Universe,  their  cont r ibut ion  to O(r) may  be impor tan t .  

According to some hypotheses ,  the s ta te  of the ma t t e r  in the central  
regions of the galaxies is ye t  more singular t han  tha t  of supernovae.  In the 
centers of the galaxies the densi ty  may  be higher  than  t h a t  of nuclear  ma t t e r  
and the Fermi  energy of the nncleons may  be greater  t ban  the mass of  the pion 
or the mass difference between the hyperon  and the nucleon. (State of degener- 
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ate hype ron  gas [11].) Aeeording to  AMBARTSEMIAN [12] the evolut ion of the 
galactic centers  leads to the decay  of this state,  while in HOVLr'S opinion [13] 
it  leads to the catas t rophic  fo rmat ion  of such a state.  The  occurrence of such 
ca tas t rophic  t ransi t ions seems to be verif ied b y  as t ronomical  observat ions 
(ejection of m a t t e r  out  of the cent ra l  regions of galaxies, the  strange propert ies  
of the radio source 3C273B, etc.). I f  t empera tu res  occur which are characteriz-  
ed by  the re la t ion k T  -> m~ �9 c 2 a considerable par t  of the  m a t t e r  can go over  
into mesons, the  decay of which produces high energy neutr inos.  

According to some other  theories  all thd m a t t e r  of the Universe was in 
such a hot  s ta te  about  101o years  ago and the deeay of this s tate  could produce  
a high neu t r ino  in tens i ty  [14, 2]. 

To procure  direct observat ional  evidence for the occurrence of such a hot  
s tate  of the  cosmic ma t t e r  seems to be hopeless at f irst  sight. Bu t  the cosmic 
neutr ino background  may  offer a check for the existence of this s ta te :  if  
e(v) turns  out  to be larger t han  the value given by  [2], this fact  could scarcely 
be explained wi thout  supposing the  existence of " h o t  m a t t e r " .  A more straight-  
forward p roof  of its existence would be the observat ion  of cosmic muon- 
neutr inos,  as these are produced only by  processes, where the energy involved 
is greater  t ha n  100 MeV. These neutr inos  most ly  arise f rom the pion decay:  

z+ -+/z+ § v,,, ~ -  -+ ,u- + v-., 

/z + -+e  + -t- v ~ v~, # -  -+ e -  q-  ~ -~- vl,. 

(3) 

The hot  m a t t e r  therefore  produces fl neutr inos and # ant ineut r inos  in numbers  
of equal order  of magni tude.  One cannot  imagine an except ion  f rom this rule. 
In  ma t t e r  of  high atomic number  Z and in whieh the electron gas is degenerat-  
ed, the cap ture  processes 

~-  + z - + ( z - - 1 )  + v 

ma y  become predominant  and m a y  diminish the ~ radia t ion.  The v radiat ion,  
however,  survives always besides the  v,-v~ radiat ion.  I t  eould be diminished 
only by  the  reaetions 

# -  q- #+ - + 2 ?  

bu t  this would need an un imaginab ly  large muon  dens i ty  (n > 10 24 #-+ cm-a). 
(The y rad ia t ion  would be conver ted  into v-~ pairs even in this case [8].) 

w 

I f  the  densi ty  of neutr inos is comparable  to t h a t  of the stellar ma t te r ,  
the  gravi ta t ional  effect of the neutr inos may  play  ah impor t an t  tole in the 
format ion  of the cosmologic s t ruc ture  of the Universe.  On the other  hand,  
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once this structure is established, it offers a new possibility for the estimation 
of the value of the astronomically unobservable mass density of the neutrinos. 
Accepting the cosmological model of general relativity, and taking into account 
the HVnBLE constant and the lowest limit of the age of star systems, we are 
led to the value [2] 

~(V) < 10  - 28  gcm -~ . 

Independent of the uneertain validity of the homogeneous model the 
neutrino density may appear in connection with the stability of cluster of 
galaxies. A cluster of galaxies of mass M, by means of its gravitational field, 
may give rise to ah inhomogeneity in the otherwise homogeneous neutrino sea. 
In a region of the space with gravitational potential q)(r) a neutrino with 
momentum p has the energy 

e=cp[ l+  ~(r ) - -~(oo) ] . c  2 

Therefore the density of completely degenerate neutrino gas (this as- 
sumption is made for the sake of simplicity) is modified by the gravitational 
potential to 

~~(r) :~~(er  ~D(r)--~Ÿ ] - 3 . c  2 

Since the gravitational potential of the cluster with mass M at a large distance 
varies according to 

kM 
�9 , ( r )  - ~ , ( ~ )  ~ - - -  ~ c 2 , 

F 

(where k is the gravitational eonstant) we obtain 

~~(r) -- ~ ~ ( ~ ) ~  3kM ~ , ( ~ )  (4) 
C 2 r 

Therefore the inhomogeneity contributes to the gravitational potential at the 
center of the cluster by 

D/2 

~~(0) ,~ -- k f ov(r) --r Qv(~) dV ~ 6etc 2k~2 MD ~~(~) . 
O 

I f  therefore there is only one cluster with mass M in the spaee and the diameter 
D of the region oeeupied by the neutrinos tends to infinity, 5(/)(0) diverges. 
We may use, however, the mean distanee of the clusters of galaxies instead 
of D. On doing this we conelude that  the eontribution of the neutrino inhomo- 
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geneity to the potent ia l  becomes comparable  to the potent ia l  of the cluster  
itself, ir  

C 2 
~v(oo) ~ ~., 10-24 g cm -3 �9 

4~k DR 

According to stellar s ta t is t ical  observations some clusters are stable in 
spite of the fact  t ha t  an ins tabf l i ty  would follow from their  dynamical  da ta  
(densi ty and veloei ty  values) [15]. Supposing �91 N 10 ~ , (0 ) ,  the induced 
inhomogene i ty  of the neutr ino sea can explain the stabil ization.  One has to 
stress, however ,  t ha t  this requires a neutr ino densi ty  which is a million t imes 
as high as the  observed densi ty  of astronomical  ma t t e r .  According to the 
opinion of some researchers such a high densi ty  cannot  be excluded in principle. 
The accelerat ing tole of the inhomogene i ty  in the  neut r ino  sea at a gravi ta t ional  
collapse would be also worth  invest igat ing.  

w 

F rom what  has been said in the foregoing paragraphs,  it  is evident  
t ha t  the empirical  de te rmina t ion  of the value and the charac ter  of the astro- 
nomical  neu t r ino  densi ty  would be ve ry  impor tan t .  

PONTECORVO and S M O R O D I N S K Y  [2] were the first  to call the a t t en t ion  
to the fact  t ha t  the background values of the exper iments  of REINES and 
COWAN, and of DAvIS gire an upper  l imit for the densi ty  of v and ~ in the region 
between 1 and 10 MeV. They  s ta te  t ha t  this is smaller than  10-24g cm -3. 
One cannot ,  however,  expect  the energy of the neutr inos  of as t ronomical  
origin to be so high. The ment ioned  data  do not  give any  informat ion as to 
the soft component  of the neut r ino  radiat ion.  (E.g. provided the energy 
spec t rum is a thermal  one, the  measurements  referred to  above would allow 
a neutr ino t empera tu rc  of 20 �9 106 ~ which leads to an integral  neutr ino 
densi ty  o(v) N 91 g cm-3.)  For  the  observat ion of the soft component  Wmr~- 
BEaG [17] proposed the invest igat ion of the fi-spectrum of H3; the occupied 

states (because of the Pauli  principlc) slow down, whereas the occupied 
t, states (vŸ the forced v + H a -+ He 3 + e-  decay) prccipi ta te  the fi-decay 
and deform its spect rum:  

f (E)=CF z(E) E V ~ -  I (Eo-  E) 2 [ 1 -  N~(E 0 - E ) ] ,  if E < E , , ,  

f(E)--CFz(E )EVE 2 - 1 ( E  o - E )  2 N , ( E -  E), if  E > E  0. 

(Here E is the energy of the electron,  E 0 its maximal  energy in moC2 units,  
Ny and N~ represent  the occupat ion  probabi l i ty  of the v and v states, and 
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Fz is the Coulomb factor.) Comparison with the observed fl-spectrum of tritium 
leads to a neutrino temperature of T < lO s ~ a n d a  density of the soft com- 
ponent (in the KeV region) of p(v) 4- ~(~) < 10-gg cm 3. Though this value 
lies very lar from the astronomically interesting region, the measurement of 
the fl-spectrum offers the best possibility for the detection of the interstellar 
neutrinos and antineutrinos in the region under 1 MeV (Fig. 1). 

o,10 
L 

0,08 ~\ 
0,06 ~.~.; ,',, 

�9 ~ ~~,111 " " 
~ I \ ' . . ~  , , : I  I 

o,o~ ~.i \'.~o ,.'~/ ! 

o o, ~! ~ ~,,Ÿ 

T=8"10 *K 

Fig. 1 

Measurement of the /~-spectrum is not suitable for the observation of 
the # neutrinos. Here the experimental possibilities ate much more restricted. 
From the reaction 

~~ + p+-+n q- e + 

one obtains for the density of the ~.-s of GeV energy the value ~(~.) < 
< 10 -2s gcm -3 [18]. Such high energies, however, cannot occur with astro- 
nomical abundance even in "ho t"  matter.  In the case, when ~ (v . )<  m.c% 
the only possibility for the direct detection is given by  the decay spectrum 
of the muon [16]. The occupation of the v. states accelerates the #+ decay 
(via the reaction v~ + # + - - ~ e + +  v), whereas the occupation of the ~. 
states slows it down (because of the Pauli principle). The energy spectrum of 
the # decay (Fig. 2 and enlarged parts in Fig. 3) is represented by  

1q 

f ( E )  = 192 - - - -~-+E+F (1--E--F)(1--N;~,(F))dF, if E<--~-, 

1/2-E 
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f ( E ) :  192 f ( l _  

E + l / 2  

) 1 
E + F  ( 1 - - E + F ) N ~ ~ ( F ) d F ,  if E > - ~ - .  (5) 

b ' ! 
, A , 1 ~ ! 0,' = 

~ o.~ a2 o,~ 0,[~ 0.0___0,.~ 7 
E 

tn; c ~ 

Fig. 2 

Here  E i s  the  energy of the emi t t ed  positron, F is the  energy of the muon- 
neutr ino in m~,c 2 units. In prineiple,  eq. (5) makes possible to determine the  
v, and 7~ background,  bu t  this me thod  is ,~ery inaccurate ,  the upper  l imit  
for the dens i ty  of the low energy muon-neutr inos  obta ined  from the  present  
exper imenta l  datas being e(v,) -V ~(v,) < 10 e g c m  -~- One does not  obta in  
a more accura te  value by  compar ing  the measured and calculated values of  
the l ifetime of # [16] either. 

Taking into account  t ha t  the detect ion methods  are far more inaccura te  
in the case of the # neutr inos t han  in the case of/~ neutr inos ,  it  is evident  tha t  
research should be concent ra ted  on the lat ter .  The " e v e r y d a y "  v radia t ion  
of the stars can well be es t imated  (w 1), any observed depar ture  f rom this 
es t imated  value would point  to the existence of " h o t  m a t t e r " .  As we have 
seen in w 2 one cannot  imagine such wi thout  v enfission. A s a  ma t t e r  of fact ,  
in the case of v measurements  the Sun, in the case of~ measurements  the Ear th ,  
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causes unp leasan t  backg round  effects [1]. (The v, measu remen t  is not  d is turbed 
b y  the a tmospher ic  background . )  In  this respec t  the hardness  (e(r) �87 1 MeV) 
of  the r rad ia t ion  emi t t ed  b y  the " h o t  m a t t e r "  could help. 

In  order to e s t ima te  opt imis t ica l ly  the pract ical  possibilities, let us con- 
sider e.g. the  center  of  our Galaxy .  At  our E a r t h  ah in tens i ty  I ( v )  ~-. 1010 v 
cm -2 s --1 can be said to be observable  wi th  the  help of  the  present  techniques 
for neutr inos  of several  MeV energy.  (For  neutr inos  of  an energy abou t  GeV 

/(E) 

4,0 

0,9 

3,8 

3,7 

3,6 

3,5 

Fee decay 
�9 �9 oo 

;297r~~,~7---.... 
[ 
[ 
�91 
�91 
�91 

~3 

~2 

E1 

~0~~ o 
i 

0,45 
E 

Fig. 3 

i .  

%. c�91 

~2"e0'% - - . , .  

0,50 0,55 

the  absorp t ion  cross section is a million t imes as high as for neutr inos  of energy 
abou t  MeV.) This means  t h a t  the neut r ino  rad ia t ion  of a h y p e r s t a r  a t  the  
center  of  our G a l axy  could be observed,  ir its neut r ino  luminos i ty  would be 
abou t  1 0 4 s -  105o erg s -1,  which could be supplied a l ready  b y  a specific 

energy  l iberat ion ~~ 101o erg g - '  s - I .  Such values  cer ta in ly  occur in cer ta in  
periods of the evolu t ion  of a hyper s t a r .  (This needs a mean  t e m p e r a t u r e  
1 -  2 �9 10 ~ ~ inside the hypers ta r . )  

The neutr ino  pulse emi t t ed  b y  a h y p e r n o v a  explosion could be de tec ted  
a t  a dis tance of a 100 million l ight years ,  ir  the neut r ino  luminos i ty  of  the  
h y p e r n o v a  reached the  value 10 s~ erg s -1. This  is not  un imaginable  a t  all, 
since we know t h a t  the  to ta l  energy set free in such an explosion m a y  exceed 
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the  value of 1060 erg [20]. The  quest ion is only, whe ther  the mean  free p a t h  

of  the fl neut r inos  is not  ve ry  small  com pa re d  wi th  the  dimensions of the  hyper-  
s tar .  As CHXV has suggested recen t ly  [21], under  special condit ions the  mean  
energy loss of  a dense hype r s t a r  can  be caused b y  the  muon-neu t r i no  lumino-  
sity. In  this case the possibili t ies of  observa t ion  would be much  more  un- 
favourab le ,  as we have  shown jus t  above.  In  spite of all these  problems,  it  can 
not  be excluded,  t ha t  the  obse rva t ion  of neut r ino  rad ia t ion  will give a direct  
p roof  of  the  hypothes is  of h y p e r n o v a  explosion and g rav i t a t iona l  collapse. 

Appendix 
Neutrino production in the Hayashi--Cameron model 

The giant  s tar  considered in the  HAYASHI--CAMERON model  remains  in 
the  main  sequenee of the HERTZSPRUNG--RUSSEL d i ag ram during its f irst  
per iod of evolut ion,  for 1,56 �9 10 s years .  The t e m p e r a t u r e  in its centra l  region 
reaches only  5,85 �9 107 ~ there fore  in this period exelusively  the H -+ He 
t r a n s m u t a t i o n  produces  neutr inos .  Mean~vhile the  hydrogen  con ten t  of the  
convect ive  core of the  s tar  decreases f rom the init ial  90~‰ to 62~o. This means  
t h a t  7,3 �9 1033 g hydrogen  is fus ioned into hel ium, i.e. abou t  N == 2,2 �9 1057 
neutr inos  are produeed.  A neut r ino  obtains  an energy of 0,4 �9 10 -6 erg in the  
p - -  p fusion and  1,3 �9 10 - e  erg in the  C- -N  cycle. Sinee in the  case of a giant  
s ta r  this l a t t e r  process plays an overwhelming  tole, f rom the produced energy  
of 4,4 �9 1052 erg an a m o u n t  of  E(v) == 2,85 �9 1051 erg is carr ied a w a y  b y  the  

neut r ino  radia t ion .  
W h e n  the  s ta r  has exhaus t ed  its centra l  H con ten t  the g rav i t a t iona l  

cont rac t ion  begins.  When  the  cent ra l  t e m p e r a t u r e  reaches  1,5 �9 10 s ~ the  
react ion  3 He  --> C s tar ts ,  which does not  produce any  neutr inos .  Therefore  one 
needs to t ake  into  account  only  the  neut r ino  p roduc t ion  of the  H shell which 
surrounds  the  He  shell. Dur ing 3,37 �9 105 years  abou t  0,027 M| - -  8,4 �9 1032 g 
hydrogen  has  bcen t r ans fo rmed  into  hel ium exclusively  in the C - - N  cycle 
(since the  t e m p e r a t u r e  is higher t h a n  1,6 �9 107 ~ in the  wholc zone), therefore  
E(v) = 3,25 �9 105o erg. I f  the t e m p e r a t u r e  a t  the  centre  is 3,16 �9 10 s ~ also 
the  t h e r m a l  neut r ino  rad ia t ions  s ta r t s ,  b y  means  of the  Compton  neut r ino  

product ion :  
+ e -  - -~e-  + v q - ~ .  (6) 

Tak ing  into aeeount  the  t e m p e r a t u r e  d is t r ibut ion given b y  different  models ,  
and  the cross seetion of the process (6) given in [6], we obta in  the  es t imate  

6,4 �9 1046 erg < E(v, ~) < 3 �9 104s erg. 

This is scarce ly  5~/o of the  energy  suppl ied b y  the t he rmonuc l ea r  fl neutr inos .  
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In  the  centra l  zone the exhaus t ion  of He  again  causes g rav i t a t iona l  con- 
t rac t ion .  Wi th  the  increasing t e m p e r a t u r e  a grea t  va r i e ty  of nuclear  react ions 
s ta r t s ,  which makes  the  es t imat ion  of the  neu t r ino  emission ra the r  compl ica ted .  
In  this period,  which lasts  abou t  5 �9 104 years ,  the  luminosi ty  of  the  s ta r  - -  
supposing a centra l  zone containing only pure  C 12 or Ne 2o - -  can be charac te r -  

ized by  
Lop t = 3.5 �9 10 's erg s --1, of  4.6 �9 103s erg s -1, 

L, = 1.02 �9 108s erg s - i ,  or 2.5 " 1039 erg s -1. 

Thus  the neut r ino  emission reaches the  order  of  magni tudr  of  the  0pt ical  
radia t ion ,  and  is abou t  equal ly  composed  of the  processes (1) and  (6). The  
emi t t ed  neutr ino  energy  during the  whole per iod is 

Es(v) ~-, Eta(V, ~) - 1051 erg, 

which is near ly  1/3 of the  opt ical  energy.  
Between 8 �9 10 s ~ and 109 ~ there  is no considerable l ibera t ion of 

nuclear  energy,  the  t h e r m a l  rad ia t ion  of the  s ta r  mus t  be suppl ied b y  the  
g rav i t a t iona l  cont rac t ion .  The evolut ion is ex t raord inar i ly  quick, ir scarcely 
lasts  200 years .  Dur ing  this t ime  the t he rmonuc lea r  ~-decays  do not  produce  
neutr inos  at  a t a t e  which could be compared  to t l la t  p roduced  dur ing the  fo rmer  
per iods,  E~(v) ~ O. On the other  han(t, because  of (6) 

Eth(r, 7) = 3.5 �9 1046 erg. 

( I f  there  would be a nuclear  energy source, which could produce  the  luminos i ty  
given above  of the  s ta r  for a longer t ime,  the  per iod of the  evolut ion considered 
eould be t a k e n  to have  las ted longer and  then  Et¡ ~) would have  a larger 
value.  

At centra l  t e m p e r a t u r e  if  109 ~ the  Ne -~Fe  t rans i t ion  series is ini t ia ted.  
Calculat ing with  a neon core of mass  M = 0.114 M| - 3.42 �9 1033 g, then  
N e - >  Fe react ion  chain represents  the  l iberat ion of 2 . 4 .  1051 erg energy.  
The  optical  luminos i ty  of the  s tar  core is smaller  b y  an order of  magn i tude  
t h a n  its neut r ino  luminos i ty ,  therefore  the  process (6) and  the  react ions  

? + Z - ~ , Z + e - - ~ - e  +, e- ~-e+--->v+~, 

are the  ma in  forros of  the  energy  emission. Thus  in this per iod 

Eth(V, v) = 2.4 �9 1051 erg. 
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During the formation of the Fe-core of mass 0.11 MG - -  0.15 M| which 
is the final period of the stellar evolution the neutron rat io increases to more 

than  50~/£ therefore the thermonuclear  reactions are aceompained again b y  
/~-decays. The number  of the neutr inos produced in these decays can be neglect- 

ed as compared  to tha t  of the other  processes. The core is heated from 109 ~ 
to 5 �9 109 ~ the central densi ty  increases from 105 g cm -3 to 125 �9 105g cm -3  

and the internal  energy increases f rom 6.1 �9 10 ls erg g -1  to 30.5 �9 1016 erg g-1.  

This corresponds to a total  energy increase of 1.2 �9 105~ erg. Because of the 
virial theorem this is just  equal to the emit ted energy of which only a few 

percent  is optical radiation.  Therefore 

Eta(v, ~) =: 1.2 �9 1051 erg .  

At this stage the supernova explosion may  occur, dur ing which also heavy  
elements (and the neutrons) are produced.  These emit ~-radiation. But  if we 

suppose t h a t  the coneentra t ion of  the heavy  elements inside a star,  the mass 

of  which is several times tha t  of the sun, is similar to the terrestrial one, the 

rate of product ion  of the elements heavier than  Fe is so slow tha t  Es(v ), due 
to their product ion,  and E~(~), due to their subsequent  radioact ive decay 

(e.g. na tura l  terrestrial radioact ivi ty) ,  ate very  small: 

Es(r ) < 10 ̀9 erg, E~(~) < 104s e rg .  

The values obtained here are summarized in the Table at  the end of w 4. 

Note added in proof: The most  accurate upper  l imit of  the cosmic neu- 

trino f lux in the MeV region is given by  the recent  measurement  of RAYMOND 
DAVIS (BNL-Prepr in t  No. 7660): ~ (v)<  10-~ag cm -3" 
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KOCMHLIECKAH LIACTOTA HEIT[TPHHO H KOCMOFOHHfl  

.TI. ~o,/2oP, )-K. F(OBELHPI r~ F. MAPKC 

P e 3 ~ o M e  

OL[eHHBaeTC~q H21OTH0CTb K0CMHqeCKI4X He~ITprIHO KaK Hp0�91 TepMo,,q,RepHh~X 
peaKttHfi 3Be3,/I I4 cyrIeprioB. Ha6.n~oJIeH}le ‰ H.qOTHOCTH He~ITpl4H0 yKa3bIBaJ10 ‰ Ha 
CMI'Hy.rt~pH0e (,K03Be3j/,H0e) C0CT0YlHHe MaTepFIH. 1-'10~p06H0 HCT0.nKytOTC~ FpaBHTaRrIOHH0e 
B.rlHJ::IHHe HeITITpI4HHOFO qboHa }~ HeH0cpe,RCTBeHHble BO3M0)KH0CTH Ha6~m~eHr~yt M~FKO~I KOM- 
IIOHeHTbl He~ITpHHHOFO ri3.qyqeHri~[ ,~Byx BH~OB. 
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