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THE NUCLEOSYNTHES IS OF DEUTERIUINI AND HEL IUL-7
Lavrukaina A.K,, and Kuznetsova R.I.

V.I.Vernadsky Institute of Geochemistry and
Analytical Chemistry, USLR Academy cf Wcien-
ces, Moscow, USSR

We have supposed a new model of the cre-
ation of D and 3He in sunernove of the first
ceneration, It is based on the idea that a
supernova event leads simultaneously to acce-
leration of particles in the shock wave front
and to their inbteractiong with supernova at-
mosphere matter. The D, “He, Li, Be, B and by-
nassed isotopes are created in these interac-
tions. The cosmic abundances of the by-passed
isotopes with A > 113 allowed to determine the
integral »roton flux - I,(E,> 25 Mev):5x1021
em~2, the spectral jndex - Y =3. The calcula~
tions of the D and “de yields in various nuc-
lear reactions at these irrgdiation conditions
show that only the 4He(p,d)’He reaction leads
to cosmic abundances of these isotopes on the
assumntion that all matter hae heen exnosed.

1. Introduction -

The nucleosynthesis of D and “de is possible: (1)
during expansion of the hot and dense Universe, (2)in
spallation reactions of interstellar matter with ga-
lactic cosmic rays, (3)in high-energy ion reactions in
shock wave front during explosions of supermassive
objects and supernovae of Type II, (4)during momentary
processes in active galac®tic nuclei, and (5)in rescti-
ons of interaction of neubtrino from collapsing nucleco-
us of supernova. The thecretical models of the expan-
ding Universe explain the main observations of cosmo-
logical significance: (1)the red-shifts of distant ga-
laxies, (2)the isotropic distributicn of galaxies ?3)
the homogeneous distribution of nearby galaxies, (4)
the distribution of distant galaxies and radio sources,
(5)the microwave background, (6)the X-ray background,
and (7)the chemicel and isotopic compgsitions of the
» initial matter, The D, “He, 4He, and TLi cosmological

abundances and the microwave background properties are

the most informabive characteristics for investigation
of the physical conditions in the early Universe, The
observated tendency of the decreasing of the initial
compopent parts of I,(%He)~ 0.22-0.245, D/H~= (2 + 0.5k

109, JHe/H=(1-2)x102"and TLi/H=1x10-9 /1/ leads Fo se-

ricus difficulties of the cosmologicel models. Bven

the standard isobtropic and homogeneous models with the
zero lepton number /1,2/ do not allow to obtain the
cosmic abundances of dxe and deuterium at anyone ent-
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ropy value, Therefore the investigation of a possibi-
1lity of the galactic nucleosynthesis of deuterium is
important for Tthe problem of an initial nucleosynthe-
sls in the early Universe,.

A few possible classes of objects may be respon-
sible for most of the galactic nucleosynthesis of deu-
terium. These are: (1)the exnlosion of supermassive
objects, (2)supernovae of Type II, (3)the active ga-
lactic nuclei and quasars, and (4)interstellar gas.Two
main processes have led to the formation of deuterium.
One "of them is the spallation in supernova shocks /3,
4/. The propagation cf the supernova explosion shock
wave in the density gradient of the stellar envelope
results in a shock of incregsing strength. The agcce-
leration of matter by the shock wave has previously
been associated with the formation of cosmic rays. In
the peculiar very low density conditions of a presumed
red-giant envelope, a strong shock wave, ~10 MeV per
nucleon in 1072 +to 10~4 stellar mass fraction, can re-~
sult in the nearly complete spallation of He plus hea-
viers to free neutrons and protons, The neubtron captu-
re on the prctoms has led to creation of deuterium.The
other group of processes includes the spallation reac-
tions with galactic cosmic rays in the interstellar
gas /5,6/.

We have examined a possibility of the creation of
deuterium and helium-3 in a massive supernova of the
first generation, Our model is based on the ides that
a supernova event leads simultaneously to explosive
nuclei burning, to acceleration of particles in the
front of a shock wave and their interactions with the
atoms in superncva atmosphere /7,8/.

2. Nuclear reactions of the synthesis of deuteri-

um and helium-3

We heve examiped the followjng nuclear reactions:
H(p,p")D, 4He(p,d)He, %He(p,2p) H, 4He(n,on) He,
“He(9,72d)D, and 4He(p,2pn)D with the threshold energi-
es of ~30C, 18.32, 19.81, 20.55, 2%.75, and 25,97 LeV,
respectively., The second rescticn is the most probable
Its function dependence of d6/de from € has been only
determined at the proton energies of 31.5 leV /10/, 55
eV /11/, and 93 MeV /12/. Using the method of graphic
interpolation on the energy regions of <30 MeV and
2100 eV we have obtained the excitation function for
the 4He(p,d)’He reaction (see Pigure, curve 1). The
excitation function of the H(p, p' )D reaction has been
obtained in accordance with the experimental data /12,
15/ (see Figure, curve II).

The experimental data for the cross sectiops of
the break up reactions of 4He(p,2p)3H,4He(p,pn) He,
4He(p,pd)D, and 4He(p,2pn)D are absent. However, it
was possible to make a comparison of the total cross
section of the break up reactions at Gp=55 MeV with
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Figure. The excitaticn fun-
e — ctionsy I -the 4He(p,d) e
; reaction frem /10-12/, II -
] the H(p,p")Y ~ reaction
from /12,13/. 1-from 10/,
2-frcm ,11/, and 3-from
E /127 .

50 [

correspcnding value for the
4de(p,D)3Hde reaction /11/.
They are equeal to 50-80 mb
and 4C mb respectively .Hen-
ce, the centributicn from
Ep, MeV the break ur resctions do-

ubles the yields of deute-

rium and helium-%3. The cb-
served and calculeted abundances of deuberium and he-
lium~3 are given in the Table., The calculations nave
been made abt the following narameters: (1)the cosmic
abundgnces of the seed nuclei /9/, (2)I,(Ep2 25keV)=
=5x1021 em~¢, (3)the spectral index of Y =2,5, The
crosgs—secticn of each reaction was aversged acccrding
to the emergetic spectrum of galactic cosmic rays, as
well as averaged according to the isotopic elemental
compositions of the irradisted matter.

TABLE, The calculated 2nd observed adbundances
of deuterium and helium-3(abtoms/10%atoms gdi)

Terget Isotope | 0 , em™ |N calculated |N observed
’ 5 -2
e He | 38.5%10727 4.2x10° 3. 7x10°
4'. i N ~27 D~ > 5 e 5
He D L 38.5%10 4.,2x10 5.2x10
‘ =30 2
H D J 1.4%10 2.2:10

These data show thet bthe created in the He(n,D)
e reaction amcunts of deuterium and helium-3 are
comparable with the cosmic abundances of these isobo-
pes on the assumption that all matter has been exnosed,
However, if we take into considerabtion bthe contributi-
on of the break up reactions then the amount of irra-
diated matter will decrease up to~50 per cent.

3y

J>.Conclusions -

The nucleosynthesis of D and “He in supernova of
the first generation nuts a hard linmitation in tempe-
rature and chemical comnosition of the envelopes where
it had taken place, The temperatures of the O ang 0
envelopes are high (T}L?O7K5 and the D, JHe, Li, Be, B
isotopes, created by spallation reactions with the CNO
nuclei, are destroied. Therefore, the D and 3He creg-
tion had taken plsce only in the atmespheres of the
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first generation sunerncva and in interstellar gas

which have cosmological composibtion (hydrcgen and he-

lium). The nucleosynthesis of the Li, Be and B iscto-
nes had taken place in nuclear reacticns during su-

pernova events of the second generation stars /14/.

These data lead to the conclusion that the matter,

thrown of the supernova of the first generation, are

not exposed to an intensive irradiation in interstellar
space, This puts a limitation on models of the gslac-
tic structure formabtion and their evolution.

The D nucleosynthesis in the first generation su-
pernovae not agree with the model of the Gelaxy forma-
tion in a process of protogalaxy collapse, This model
leads to anoverproducticn of Li, Be and B. To avoid
the excess of these elements we examine a model of a
nomogeneous natter fragmentation with the formation of
fragments of K~ (108:108)le. The collapse of latter
led to formation of massive stars (I »100Me) of the
first generation which have simultaneously evclved.Ho-
wever, these stars have large mass-loss rates snd ex-
pose the products of nuclear burning at the surface
relatively early in their 1life, This material ejected
in the stellar wind can mix with & nearby interstellar
gas (and dust) pricr to the supernova event. It also
leads to anoverproduction of Li, Be and B, This »rob-
lem requitres a detailed study.
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