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It is well known that the heavy nuclei behind iron peak were formed in
nature predominantly in the reactions of neutron capture [1,2]. The Analysis
of solar abundance curve shows the heavy nuclei were formed in two different
nucleosynthesis processes under neutron flux. The first one is so called s-
process. It takes place when beta-decay rates Ag 3> A, {the neutron density
N, ~ 10" cm™3 ). The other one is so called r-process. It used to be under
high neutron density and involves very neatron-rich nuclei (Ag < A, ).

The most probable site of rapid nucleosynthesis is Supernovae explosion
[2,3,5]. But the details of heavy elements formation are not known up to now
and, by all means, the reactions with only neutrons are not sufficient to solve
all the questions of r-process problemn. Of course, the reactions with charged

particles should be taken into account either. Same attempts to include the
‘ reactions of interaction with protons and a-particles into consideration of
z-proc::ss have already made [6, 7] as well as the evalnation of the effect of
neutrino scattering upon the nuclei {17]. But duration time of r-process ~

characteristic time of neutrino exposure and cxcept above mentioned effects
 the dizect neutrino-induced change of the nuclear charge in nentrino-nuclei
reactions makes significant influence upon the yields of elements during nu-
cleosynthesis [8].

To prognase the cross-scction values of neutrino capture by neutron rich
nuclei o,(E) there was used the approach [18] based upon the beta-decay
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strength function. This approach defines the cross-section of neutrino capture
taking into account the excitation states of daughter nucleus including very
energetic states, such as giant Gamov-Teller resonance. This fact is very
important in astrophysics, where reactions used to be under the temperatures
of some units of 10° K. So: ‘

B —Q .
/ SH(E)EcPeF(EE»Z) dE , (1)

94
d(EP-) - 7(63 h‘
" where E = E,, — E. —Q+m,c? and’
Sp(E) is strength function of S-decay;
" F(E.; Z) is the Fermi function, Z being the charge of daughter nucleus.
Averaging cross-section (1) over normalized neutrito energy spectrum

(F° fou(Bu) dE,, = 1) [16]:

o * Eopl-a(B./kTy)]
FoulBo) = G5 - 1+ezp(E.,/k1;,) B (2)

" we can got the values of < 0,, > for every nuclear species. @ and Ty are
the parameters of v, -spectrum approximation.
The knowledge of < o,, > gives the opportunity to compute the rates of
neutrino-capture: ' ’

L, (1)

l.-:}\f.-(a',_)q,.zmo 3)

where

L, is the total (bolometric) neutrino luminesity [15];

qv, stands for the fraction of energy cmitted via electron neutrinos;

< E,, > is the mean energy of v,, and r is the distance of irradiated

matter from the center of a star. ]

The values of < o,, > varies mainly within (0.2-20)x10~* cm? for 4
and Z under consideration. '
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Earlier there was supposed [9] the value of o, had to increase with (N - Z2).
To solve this question quantitatively as well as to define the influence of the
model of strength iunction upon the cross-section value there were used two
‘microscopic models of beta-decay strength function, based upon the finite
Fermi-system theory by Migdal (FFST) [20]. In FFST to construct thebeta-
decay strength fangtion SQ(E’) it is need to solve the equation for effective
field in nucleus:

Vo(r) = Valr) + X ()Ll ra,)Vira) s ()

where external field ¥y = ¢, ;tar, Fe - eﬁ'gctive nuclon-nuclon interac-
tion.

In the framework of quasi-classical approach $o description of collective
isobaric states [10, 11] the equation for effective field (2) transforms into:

ghdndp ,
Vir)=V“(r)+ 5
() = V) dp T R}, (r) R (7)Brra Arna Vi) %)
and was solved without taking into account i-forbidden parts and param-
eterization of angular parts and M? were defined through the resume xa,
of the field Vi) |u=s, (Model-I): '

M: =73 o AaaVan (W) - 6)
Az Az

Calculations according Model I were performed with Breit-Wigner form
of resonances: M? ~ T'/|(E; — E)*> + I'?], but with different dependance
. resonance width from energy: T' = ¢E? and I' = aE? (fig.3,4). Parameter
a~l / €p. ‘ '

.For comparison, we compute o, for some nuclei, using Model-II [12] in
which the equations (4) were solved numerically but the propagator L(ry,rs;w)
[13] was calculated ignoring the effects of slot variation in external field [14].
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. The Gamow-Teller strength function determinates the response of a nu-
cleus to the charge-exchange external field V4, is given by the formula:

Sorw) =2 (feitotry ) . (@)

where transition density of nuclear excitation with w, frequency is defined
in FFST as

pu(riw,) =C - Im / L(r, r’;w,)V(r’;-w.) dr, ®

and normalization constant C is determined by the value of a matrix
element of transition from basic to excited state:

M2, = @7+ 1) ( [ dreapuntro. ))2 = [ St)aw, )
: . Aw

Aw is an intexrval where the concrete S{w) maximum is exhausted;

All the calculations were made with the sum rule: EjuSp(E)dE =€ -
3(N — Z), where E,, =30 MeV, ¢, =0.38. ’ '

For testing the calculations of o, the ¢ross-section of neutrino capture for .
"Ga + v, — e~ +* Ge reaction was computed. For reactor spectrum o, on
"Ga is equal to 40 + 100 - 10~*° cm? and depends from quenching and type
of energetic dependence resonances widths and is in a good agreement with
previous results [18]. '

In a case of neutrino from reactor spectrum the g.s. and low lying ex-
citations bring in the main contribution in the value of neutrino capture
cross-section o, (figure 1). For stiff neutrino spectrum of supernovae [16}
the Gamov-Tcller resonance gives the main part into the cross-section values
and o,("Ga) 2 6. 1071, '

As M? ~ (N — Z), it was natural to suppose [9] that o, rises according to
the increase of (N — Z). But real situation according to present calculations
is not so simple. First, the contribution of low lying so called "pygmy reso-
nances”, especially situated in the region of 510 MeV makes the dependence
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o, of M? more complicated. In fig.1 the reduced transition probabilities for
different Rb-isotopes are préseuted. Second, because of the increasing ol
GTR-position by energy with (N - Z) the distance between maximwn of
neutrino spectrum (sece fig.1,2) and GTR energy increases either. And as
a result the dependence of o, value upon (N - Z) is weaker its depcndence
upon the parameters of GT-resonance and presence of pygmy-resonances.

In fig.2 the dependence of v-spectrum on parameters a and Ty is shown.
The light changes of these parameters are lead to significant variations of o,
values (fig.3). '

In fig.4 the dependence o, on (N — Z) and the iufluence of strength func-
tion model, parameterization of resonances and form of neutrino spgctrum
upon the o, of Rb-isotopes are shown.

On the base of these calculations we can conclude that both the type
of resonance paramecterization and model -of S-decay strength function show
rather weak influence upon the value of o,. The form of neutrino spectrum
gives the strougest contribution into the ncutrino capture cross-section value.

These calculations of o, values are two times higher than evaluations
of 0,, used in [8]. That means that the ncutrino pulse from supcrnovae
have to 'chan.ge the yiclds of heavy elements iu rapid nucleosynthesis more
significantly. Further calculations in the framework of kinetic model can give
us more exacl knowledge of neutrino capture consequences upon the yields
of clements in rapid nucleosynthesis.

In the calculations the flux of antineutrino was not taken into account -
the o, — values of these nuclei are one or one and a half order of magnitude
lower then o, because of the differences in structure of 3 and g+ streugth
functions and energy threshold for neutron-rich nuclei. By all meaus, it is
necessary to take into account in calculatious the process of ncutrino capture

by nuclei for detecting neutrino pulse from supernovae:
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1) v+ 180 — ¥F + e — f* — decay of *F — B0 +e* +4,,

2) 0, 4+%0 — ®Nie*t — - —decay of N — O te~ +7,; (10)

Though both of these reactions have a rather high threshold: 16.4 MeV
in a first case and 10.8 Mev [21] in a second one, thank to high energetic
tail of v-spectrum the contribution of these reactions into registration would
not. be small and the systematic decrease of calculated events of neutrino
capture [4] may be eliminated by taking into account of these reactious.
Rough evaluations in a first case result in some percents increasing of neutrino
counting and better fitting the cxperiment curve [4]. Further more exact
calculations would give the evaluation of the effect value in this case.

In conclusion I acknoledge the collaboration with Yu.S.Lyutostansky at
early phase of this work {9] and would like to express my decp gratitude for
useful discussions to .N.Borzov and D.K.Nadyozhir.

This work was supported'in part by the Russian Foundation of Funda-
mental Research, grants No. 93-02-3632 and No. 93-02-17114.
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