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It is wen· known tha.t the heavy nuclei behind iron peak were formed in 

na.turc predominantly in the reactions of neutron capture [1,2]. Thc Analysis 

of solar abundancc curve shows the heavy nuclei were formcd in two different 

nucleosyllthesis processes under neutron flux. TIle first one is so called s

process. It takes place when beta-dcC'.ay rates AfJ ~ An,. (the neutron density 

nn ,-v 1016 cm-3 ). Tile other one is so called r-l)rocess. It used to be under 

higl~ neutron density and involves very neutron-rich nuclei (.x p < Au,.). 
The most probable site of rapid nudeosynthesis is Supernovae explosion . 

[2~3,5J. But the details .of heavy elements forma.tion are not known up to now 

and, by all means, the reactions with orily neutrons are not sufficient to solve 

a.ll the questions of r-process problem. Of (,':ourse, the Ieactions with charged 

particles should he taken into account either. Some attempts to include the 

reactions. of interaction with protons and a-particles into consideration of 

r-proc~ have already ma.de [6. 7] as well as the evaluation of the effect of 

neutrino scattering upon the nuclei 117]. But duration thne of r-process ,..." 

cha.racteristic time of neutrino exposure and except above mentioned effects 

thc dileet ncutrino-induced change of the nuclear cha.rge in neutrino-nuclei 

r~etions makes significant influence upon the yields of elements during uu

cleosynthesis [8]. 

To prognose the cross-section values of neutrino capture by neutron rkh 

nuclei (T~(E) tllere was used the approach [18] based upon the beta-decay 
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strength function. This approach defines the crOss-sectiOIl ofneutrino captue 

taking into account the excitation states of da.ughter nucleus including very 

energetic states, sumas giant Gamov-TelleIresonance. This fact is very 

important in astrophysics, where reactions used to be under the temperatures 

of some units of 1()9 K. So: 

. ~ B.,.-q 

C7(E... ) = 1rc3~4 f Sp(E)EcPcF(Ee,Z) dE , (1) 
.' 0 

. where E = E~. - E. - Q+m.c2, and' 
Sp(E) is strength function of {J-deca.y; 

. F(Ee t Z) is the Fermi function, Z being the charge of daughter nuclelUL 

Averaging cross-s~ction .(1) over normalized neutrino energy spectrum 

(k I ... (Ell.) dElle = I} [16}: . 

I (E. ) ~ ~ . Exp[-a(E... /kTo)2J •E2 (2)
JII_ II. . c'lh3 1 + ezp(EII./kTo) ... t 

we can got the values of < (J'II_ > (or every nuclear species. a and To are 

the parameteIS of v. -spectrum approximation. 

The knowledge of < (J'II. > gives the opportunity to compute the rata of 

neutrmo-capture: 

L...(t)

A.. =Ni. < CT... > 'b. E 4"-% t (3)


< Ir_ > 

where 

L... is the total (bolometric) neutrino luminosity [IS}; 

q.,. stands for the fraction of energy emitted via electron neutrinos; 

< Ell_ > is the mean energy of Vu and r is the distance of irradiated 

matter from the center of a star. 

The values or < U". > varies mainly within (O.2-20)xI0-40 cm2 for A 

and Z under consideration. 



3 
Earli~ there was sUpposed [9} the value of tI" had to increase with (N-Z). 

To solve this qu~ quantitatively as. well as todefiae the influence of the 

model of strength function upon the cross-section value there were used two 

microscopic· models of be~eca.Y strength function, based upon .the finite 

Fermi-system theory by Migdal (FFST) [2O}. In FFST to construct th~bet&

decay strength fw1~tioa Sp(E) it is need to solve the equation for effective 

field in tiucleu: 

(4) 

where external field \iO =efucrr, ~- effective nudon-nuclon interac
. IV . 

lion. 
In the framework of quasi-classical approach to description of conective 

.isobaric states [10, tl} the equation for effective field (2) transforms into: 

V(r) =YW(r) +. + !1'o41l"dp ( ) 
. . dp ERA, (r}R~(r),8Jq~A.\l~ VA:I~(r) 5 

and was solved without taking into account I-forbidden parts and param

eterization of angular parts and M2 were 'defined through the resume X~l~ 

of the field V~~lll~-... (Model-I): 

M~ = L: XAtA:lAA1.\aVA3As.(W).. (6) 
At~ 

Calcula.tions according Model I were performed with Breit-Wigner form 
of resonances: M2 I"V r/1(E; - E)2 + r2j, but with different dependance 

. resonance width ·from energy: r = aE2 and r = aE; (fig.3,4). Parameter 

a row liEF. 

.For comparison, we compute (f" for some nuclei, using Model-II [12) in 

which the equations (4) were solved numerically but the propagator L(Tl, r2 ~w) 

[13] was calcula.ted ignoring the effects of slot variation in external field [14]. 
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The Gamow-TeDer strength function determinates the response of a ~ 

deus to the charge-exchange extemal field 110, is giTen hy the formula: 

21 +1 (f.. ..)2SGT(W) =4;- . etVO(r}Ptr(r;w) dr . (7) 

where transition density ofnuclear excitation with w. frequency is defined 

~ FFST as 

(8) 

and normalization constant C is determined by the value of a matrix 

element of transition from basic to excited state: 
2 

M:....~ = (2J+ 1) (/dTe,VO(T)p,,,{r,w$)) = f ${(o;)dw , (9) 
. Aw 

li.w is an illteI'val where the concrete S(w) maximum is exhausted;
 
En.
 

All the calculations were made with the sum role: J 8p(E)dE = .e: . 
o 

3(N - Z), where Em = 30 MeV, et == 0.8. 

For testing the calculations of (f.. the cross-section of neutrino ca.pture for 

'llGa + lie ~ e- +71 Ge reaction was computed. For reactor spectmm a" on ~ 

11Ga is equal to 40 -:- 100 . 10-45 em' and depends from quenching and type 

or 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 (T" (figure 1). For stiff neutrino spectrum of supernovae [16} 

the Gamov-Teller resonance gives the main part iuto the cross-section values 

a11d u"C1Ga) ~ 6-.10-41 
• 

As M'l. "'J (N - Z), it was natural to suppose {9} that q:l rises according to 

the increase or (N - Z). But real situation according to present calculations 

is not so simple. First, the contribution of low lying so called "pygmy reso

nances" t especially situated in the region of 5+10 MeV makes the dependence 
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(1" of M2morecomplicated. In fig.1 the reduced tra.nsition probabilities for 

different Rb~isotopes are presented. Second, because of the increasing of 

GTR-position by energy with (N- Z) the distance between maximwn of 

neutrino spectrum (see fig.l,2) and GTR energy increases either. And as 

a result the dependence of (j" value upon (N - Z) is weaker its dependence 

upon the parameters ofGT-Ie50nanCe and presence of pygmy-resonances. 

In fig.2 the dependence of v-spectrum Oil parameters Q and To is shown. 

The light changes of these parameters are lead to significant variations of (1~ 

values (fig.3)4 

In fig.4 the depende1lce (J" on (N - Z) and the influence of strength func

tion model, parameterization of resonances and form of ncutriuo spfctrum 

upon the (J" of Rb-isotopesare shown. 

On the ba.c;c of these calculations we can conclude tbat both the type 

of resonance parameterization aud modclof f3-dc<:ay strength function show 

rather weak influence upon the value of (7". The form of neutrino spectrum 

gives the strongest contribution into the neutrino \.~apturc cross-section value. 

These ca.lculations of (J" values are two times higher than evaluations 

of C1", used in [8]. That means that the neutrino pulse from supernovae 

bave to change th(' yidds of heavy elements in rapid lluch.-os)'nthcsis more 

significantly. Further calculations in the framcwurk of kinetic model can give 

us moreexad knowledge of neutrino capture consequences upon the yields 

of clernellt.s in rapid nudeosynthesis. 

In the calcuiations the flux of autillcutrino was not taken into account 

the (Til. - values of these nuclei are oue or one a.nd a half order of magnitude 

lower then (J... because of the differeuces in st.ructure of J3 - and J3 + stH'Ugth 

{unctions and energy threshold for neutron-rich uuclei. By all Il1caus, it is 

necessary to ta.ke iuto account ill ca.kulatious the process of u\.'ulrino ca.pture 

by nuclei for dett.'eting Ul'utrino pulse from supernovae: 
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1) v. +"0 -+ 16F +e- -+ {J+ - decay oJ IfF - ItO+~+ + v., 
2)Ji.+l'0_ 16N+e+_p--tkcayQ/ItN ..... l'O+e-+ii.i (10) 

Though both or these reactions hav~ " rather lUgh threshold: 16.4· MeV 

in a first ease and 10$ Mev [211 in a second one, thank to higll energetic 

tail of v-spectrum the contributiou of these reactions into registratioR would 

not. be small and the systematic decrf'a.se of calculated events of neutrino 

capture [4} may be eliminated by taking into account of these reactions. 

Rough evaluations in a..first case result in some perrcllts increasing oCneutrino 

counting and better fitting the t'xperiment curve 14]. FUrther more exact 
I, 

calculations woultl give the evaluation or the eff«t value In tbis case. 

In conclusion I acknoledge the collaboration wiLh Yu.S.Lyutostansky· a.t 

early phase or this work (91 and would like to exprt»ss my dct'p gratitude for 

useful discussions to I.N.Bonov a.nd D.K.Nadyozhin. 

This work was supported in pad by the Russian Fo-undation of Funda

mental Research, grants No. 93-02-3632 and No. 93-02-17114. 
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