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structure information involved in these calculations are discussed.

capture rates for the 71 Ga and Usln-{JSF detectors. Uncertainties regarding nuclear
calculated (assuming complete 17,, —> uc conversion), as well as the solar neutrino
reactions. The total capture cross sections of the reactor electron antineutrinos are
calculated and compared with those extracted from experimental spectra of (p, n)
into account. Gamow-Teller strength functions of "Ga, usln and 19F nuclei are
hole (ph) and particle-particle channel, and also the ph.-continuum are taken
effect due to the odd quasiparticle, the effective N N -interactions both in the particle
framework of the self—consistent finite Fermi—system theory. The pairing blocking
The charge-exchange excitations of superiuid odd-A nuclei are studied within the
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[18]. A distinct feature of the latter could be a higher detection efficiency for solar pp OCR Output
SAGE [16] and GALLEX [17] experiments and of proposal of the u5In+19F detector

Recently, the interest in the reactions (1) and (2) has increased because of on-going
portions of the solar neutrino spectrum.
1Br (-471 keV), 115In (-120 keV) which are sensitive both to low and to high energy
ones are the odd-A nuclei with very low reaction thresholds: "Ga (Q]; : —236 keV),

A number of nuclei were suggested for neutrino detectors. The most promising

17,, + AZ(I") —> e"` + AZ_1(I'”’) .

(1)Vc + Az(I”) —·¤” + Az+1(I'”') »

the v(17)-capture reactions, which take place due to the electroweak charge currents,
antineutrino capture rates in detectors based on the inverse Bt-decay processes, i.e. on

The practical aspect of the problem concerns solar neutrino [15] and reactor
taken with some care (see Refs. [13, 14]).
from recent shell—model analysis of the high—energy ,8-decay of 3-[Ca [8] have to be
conclusions about the absence of gA /gV renormalization in nuclear medium drawn
cation which is technically unavoidable for medium and heavy nuclei. Therefore the
However, such shell—model approaches suffer from the sensitivity to the basis trun
configurations can be included more efficiently than in the QRPA—like scheme [12].
shell models are widely used [10, 11]. An advantage of these models is that complex

For the theoretical analyses of GT strength functions in odd nuclei multi—configurational
systematics of matrix elements of mirror ground state transitions in odd nuclei
Evidence for the possible A-dependence of the quenching factor has been found in the
new fp-nuclides: 48Mn with QB :13.6 MeV [7] and 37Ca with QB :11.64 MeV
The striking examples are recent measurements of allowed B—transitions in some
decay data substantially complement those extracted from cha.rge—exchange reactions.
can be measured in a wider energy range due to the higher Qp—values. The [6
of some neutron—deficient nuclei The GT strength functions for those nuclei
the quenching effect has been obtained from experiments on high-energy B+——decay
an estimated overall quenching factor of 0.56(5) Additional information about
Shell—model calculations of the B-decay GT matrix elements in sd-nuclei yielded
strength can be extracted from experimental spectra for A > 40 nuclei [2, 3, 4].
of the Ikeda model—independent sume rule 3(N - Z) for the Gamow—Teller (GT)
the (p, n) and (n,p) reactions at intermediate energies have showed that only 50-65%
energy (w < ep) spin—isospin·—flip transitions in nuclei. The microscopic analyses of
renormalization leads to the observed quenching [1] of matrix elements for the low

the weak a.xial—vector current in nuclear media has drawn much attention. Such a

significant practical applications. In particular, the effect of the renormalization of
not only important for better understanding of nuclear H-decay process but also has
The study of charge—exchange modes of excitations of superfluid odd-A nuclei is
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in non-magic nuclei can be represented as
The system of the FFS theory equations [23] for collective charge—exchange excitations

excitations in superfluid odd nuclei

2 Self—c0nsistent description of charge—exchange

presented and discussed. Sect. 4 contains our main conclusions.
capture rates of reactor antineutrinos and solar neutrinos on "Ga, “5In and ISF are
our approach. In Sect. 3, the results of the GT strength function calculations and

The plan of the paper is as follows. In Sect. 2, we describe the formalism of
the ph—continuum and effective interactions both in the ph- and pp—channels.
density—functional FFS theory which, in particular, incorporates the blocking effect,
charge—exchange excitations in superfluid odd nuclei, based on the self-consistent
employed. In the present paper we shall apply a more elaborated approach to the
theory including pairing correlations, effective ph—interaction and ph—continuum was
pairing model was used. In Ref. [24], an optical shell—model version of the FFS
(FFS) [23] with zero-range effective interaction in a truncated ph—space and schematic
states were taken into account). In Ref. [22], the theory of finite Fermi systems
rameters within an extended configurational space (one- and three—quasiparticle
was employed with a phenomenological Yukawa—type interaction and adjustable pa
complex configuration space (from 2plh to 5p1h). In Ref. [21], the HF+BCS approach
strength functions were calculated using ”Z€1'O approximation of the shell model" in a
configurational shell model was used with an effective G-matrix interaction. The
of recent works has been devoted to such calculations. In Ref. [20], the multi
functions, with the Fermi and Gamow—Teller ones being most important. A number
trino capture reactions requires the microscopic calculation of the ,B—decay strength

The reliable estimate of the cross sections for solar neutrino and reactor antineu
17, -> 17,, conversion) would give constraints on the mixing of 17 and v states.
on these reactions to the cross sections calculated in the 17,, 5. Vc approximation (full
information about pc <—» v, oscillations. The ratio of the experimental upper limits
tineutrino events, namely “5In(17,,, e')“5Sn and 1°F(17,, e`°)1°Ne, which could provide
[19]. The In-F detector can be also used to searching for the anomalous reactor an
might support the idea of resonant spin—flavor neutrino conversion inside the Sun
possibility of studying the solar neutrino. An observation of the 19F -+190 reaction
provide a low-background regime of a direct counting experiment, giving a promising
mentally. The unique signature of ·y transitions in the daughter nucleus, “5Sn, could
element of the 19F(%+) —>1°Ne(%+) transition between analog states is known experi
neutrinos of usln and a sensitivity of 19F to the boron neutrinos detected. The matrix
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interaction energy density is represented as
functions and the surface contribution is related to the finite—range forces. Thus the
in Ref. [27], where the dependence on p is simulated by simple fractional—linear
density functional. Here we shall use the density functional in the form suggested
practical application is the appropriate choice of the form and parametrization of the
in common with the HFB method with effective forces. The main problem of its
In fact, this method is a version of the self-consistent FFS theory, that has much
the same functional with respect to the normal and abnormal density, respectively.
approach, with the effective interactions F"’ and F e being the second derivatives of
particle—hole collective states. These states are treated within the quasiparticle RPA
to the observed one. Insofar, one may hope to succeed in describing the low-lying
mass, one expects that the calculated spectrum of the quasiparticle levels will be close
on the Fermi surface in atomic nuclei is empirica.lly known to be close to the bare
functional derivative of the density functional. Since the effective mass of nucleons

and wave functions are calculated in a self·consistent mean field which is the first

i.e., as a sum which minimizes the energy of the system. The quasiparticle spectrum
approach, the nucleon density, p, is written as a. sum of singleparticle contributions,
quasiparticle effective mass m* equals to the bare nucleon mass m (m/m* = 1). In this
and the quasiparticle Hamiltonian with a free kinetic energy operator, so that the
account the effects of pairing correlations. We employ the density functional method
first to obtain the mean fields for neutrons and protons with properly taking into

For a self·consistent description of the excited states in non-magic nuclei one needs
nuclear charge-exchange excitations.

2) solving the QRPA-type equations and calculating the strength functions of
1) constructing the self·consistent potential and the quasiparticle basis;

pairing correlations. Accordingly, the calculational scheme consists of two steps:
consistent description of the ground and excited states of even and odd nuclei with

The essential feature of the approach utilized in the present paper is a self
(1-, »\)—representation used in Ref. [26] for the neutral excitations.
of superfluid nuclei was developed [12, 25] which is similar to the method of mixed
whole ph—continuum in the FFS theory equations for the charge-exchange excitations
without basis truncation. To overcome this difficulty, a method of including the
tinuum it is practically impossible to solve these equations in the X-representation
the neutron (·r = u) or proton (·r = 1r) level with energy ei]. Because of the con
with »\”= nlsjmr being the standard set of single-particle quantum numbers of(")
sion over singlvparticle wave functions <p,\" is implied: the so called »\—representation
transition densities for the charge-exchange excitations (Vp? = 0). In (3), an expan
tive interactions in the ph- and pp-channels; p, p",<p1 and ¢p2 are the corresponding
the effective changes of the corresponding pairing fields; F "’ and Fi are the effec
ing under an action of the external charge-exchange field V}, oc vg.; dl and d2 are
Here Vp,. and Vp'}, are the effective fields for particles and holes, respectively, aris
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6,,,;,, is represented as
C0 = 26%/3pO, ro = (3/ 81rp0)1/ 3. The last term in Eq. (4), the pairing energy density
where ~”” = ~"" = ~+~’. ~"" = ~'"‘ = ~—~’; y{‘" = y{"’ = yi+yi. y1"’ = af" = y¤—yi;

(12). . . . 6,; = Corg pQ,l¢°°·+ PL;9ikPf4»1 d 1 i gp (;'g§ Z_;)
density one obtains
wave function and < 6* -1 >,\= j (j + 1) — l(l + 1) — 3/4. For the corresponding energy
where ·n.,\ is an occupation number of the singleparticle level »\, cpy is its nucleon

(11)_ PZ`i"(F) = ZM <¢1'·1>¤| s¤K‘”(F) I2 »
densities,
interactions. For spherical nuclei this term can be expressed through the spin-orbit
F2) X (51 -52)] · (5] + E2) and velocity spin-dependent or (gl +gQ·F] ··F§)(&°1 ·&°2)(g$°1
The spin-orbit term 6,; in Eq. (4) comes from spin-orbit oc (rc + rc'?] ··F§)[V15(i·’1

ec.-mi = 2¤¤’pp(r) pp(¤·)¢·2dr + / pp(#·)r dr— ()¢p$3(¢‘) · (10)) ;;1 * (; A 3 3 "32/

including the exchange part in the Slater approximation,
range forces. The energy density of the Coulomb interaction 6,0,,1 has the usual form
isoscalar and isovector potential energies generated by the density—dependent finite
so that the two last terms in Eq. (5) correspond to the contributions of the surface

= ——-——— (9) 1 + MR), 9 ( )
(<1R)’

In the momentum representation,

1r| —— |
(8)1>(.=·-w*):s(;··-w*)-—-;—.cxp(4R2 F ·F°'

_ _, """ '
where

(7)fix,. = [ D(F— F')f;(1"'):n1(F') di" ,

1 + hg:bZ+ ’ 1 + h:tZ+
LT ftZ'. ft 6 ( )

1 " hff::+ 1 v I

nuclear matter density (N = Z), 6% is the nuclear matter Fermi energy, and
Here, 2:1 = (p,. zi: p,)/2pO, p,,(,) is the neutron (proton) density, 2pO is the equilibrium

6,,,,,,, = gcgpg [.;;.:3,;; + dui}; + a;z+f;j;E+ + af_z-fjf1:b..I . (5)



R = 0.35 fm, ro = 1.135 fm
ff = 0.33,

g{"° = —g{"' = -0.11,
n.'”’ = n"" = 0.205, (17) OCR Output

af, = 10.0, h;+ = 0.31,
a'; = 3.595,

a'_j_ = —7.391, h§+ = 0.037, h§+ = 1.322,

As a result the following set of parameters was deduced
h'{_ = hf+ and h§_ = h§+), and the surface symmetry energy was neglected (aj = 0).
adjustable parameters in the fitting procedure, it was assumed that ff = ( i.e.
mation within the basis of all bound single-particle levels. To reduce the number of
pairing (even—even Sn and Pb isotopes). Pairing was treated in diagonal approxi
and for non—magic ones both with weak superfiuidity (9°Zr, “°Gd) and developed
charge distributions and single-particle spectra for magic nuclei ‘*°Ca., 48Ca, 2°8Pb
rameters of the density functional, Eq. (4), were chosen by fitting binding energies,
respectively. This procedure continued until complete convergence was achieved. Pa
of previous densities and these new ones were used with the weights of 0.85 and 0.15,
calculated, and then, as an input (p(‘+l),u(‘+1)) for the next iteration, superpositions
rived, through its eigenvalues and wave functions (u(‘),v(i)) the new densities were
from the above functional, Eq. (4), the elements of the Hamiltonian Hwere deU)
These equations have been solved iteratively as follows. For given densities (pw, um),

% (16)pz mp ·»1 mp ·»1 h=-T ALT
"’h°’°

h A
takes the form

like the standard variational HFB procedure in which the single—particle Hamiltonian
, and the anomalous, Self—consistent calculation with such a functional looks
where 6;m(·F') is defined as above, is a functional of two densities, the normal, p(*F')

Thus the total interaction energy of the superfluid nucleus, Ein, [p, v] = f dFe;m(·F°),
potentials p as well as the dynamical FFS equations for excited states.
and, correspondingly, when solving the equations for pairing fields A(F) and chemical
particle levels taken into account when evaluating the anomalous Green’s functions
script f refers to the energy cut-off parameter which defines the number of single
Here, fi is a dimensionless interaction constant of the FFS theory [23]. The super

(14)F6 : -00)·<s(F- w)

present paper is chosen in the simplest form,
in the particle-particle channel. This force, both for neutrons and protons, in the
where v is the anomalous nucleon density and Fi plays the role of effective force
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and for the particle number in the ground state one gets

Ao AOx

(23)A' = F, ,L—?—— + Fi-—§ A gAA,A A 2EAA,A,,A., 2E
A",(2j,V + 1) A} (2j,\ —· 1) E E

written in the form:

additional quasiparticle (quasihole) can be created. The gap equation (20) is now
The situation in odd nuclei is somewhat different since in the states Ag(—Ag) no

(r, A)-representation technique to be developed.
only a small number of levels in the vicinity of the Fermi surface allows the mixed
omitted for simplicity in the r.h.s. of Eq. (21). The fact that the pairing affects
Here, the A set does not include magnetic quantum number m and the index ·r is

(22)EA = (/(E; — [L)! +

where N., and N, are the neutron and proton number, respectively, and

21 ( )- ., = —E 2EAEA · (6A · M) - ——;i—— 2 1 ( JA + )»

which is to be solved toghether with the condition on the chemical potential p’

2AI
(20)AA = Z F§A,A·A·» E1, AT1 I + 1 %2

matrix elements AA can be obtained from the standard equation
diagonal matrix elements A,\,\» are small, i.e. AM: rc A,\5A,\». The level-dependent

In our calculations the pairing potential A is a smooth function of F and its non
description of different excited states.
MeV. In what follows, the mean-field potential constructed in this way is used for a
correspond to p.° = -15.73 MeV, K0 = 135 MeV, eg? = 37.35 MeV and B° = 31
the Fermi energy, and ,80 the symmetry energy. The deduced functional parameters
chemical potential (binding energy per one nucleon), K ° the compression modulus, eg;
Here, the infinite nuclear matter parameters have the following meaning: ;1.° is the

= 3—— -— = ·—-———°‘ E9. s’ " 18(e‘},—5p°) 19 ( )
0 9 SKU + 6 0 l* €r

where

0¤'i = (36 /¤F · 1)/fK(=¤+ = 1)
g:.= 1/n - 1

18 ( )hh = 1 — u/afp]
af; = a + (5a + 6)/51;

matter characteristics:

We notice the following relations between a number of parameters and the nuclear
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gators, since now their poles belong to the upper energy half-plane:
particle Green’s functions for this state change, as well as the corresponding propa

Let the odd quasiparticle be in the proton (neutron) state pg (no). The single
B"-channel excited in the (p, n)·type reactions and in the uc-capture processes.
17,-capture processes while the negative frequencies correspond to the states in the
to the states in the ,3+-decay channel excited in the (·n.,p)-type reactions and in the
where the notation Ep,. = Ep + En is used. The positive frequencies w correspond

m
de vvuu` =— G h '——=—————————"”——————-p" 27 »»·(¢¤) / p(€)G,.(€ +w)2Ti E_ w + E+w » ( )(m

zz zz

de A uz v2N2 :- F Gu ·__:;;-..L. ml") j "(‘) (E +"’)2n 2E, lE,,,, - w E,,,, +o

N1 =— G F,. "—=—i —" ———i" '"`(W) / p(€) (6+ w21ri 2E,, [Em — w Em + wde A v2 uz

ds A A 1r M = - F Fu · ._ : _; __ ml") / ··(‘) (‘ + ‘")2,rt 4E,,E,, lE,,,, - w + E,,,, + w

e vuvuL = G Gn " A = - .. .... ... ·"·("’) ( ··(‘) (‘+"’)+dzz zz 2,s [Em -.., E,,,,+w
G and F in the »\-representation [23] are written as
tained by integrating various products of the normal and abnormal Green’s functions
neutron chemical potentials, and G1 is the nuclear excitation energy. Propagators ob
Here w = G: — 6p, where 5p = pp — p" is the difference between the proton and the

cpfm = N3n(w)V,,,, + N;,_(—w)Vp'}_ —— M,,,,(w)d}m + K,,,,(—w)d2,m

<PL.. = N,l»(“’)Vp¤ + N,Z,.(-¤>)V,,'I. + Kp··(w)dL.. — M»~(w)d°,m »
(26)

PZ,. = Mp··(¢¤)V»·· + Lp··(·w)V,Z. + N3..(—w)d}". + N,}..(—¢¤)d’," »

Pm = Lp»(~)Vp» + Mp»(<¤)V,,'l. + N,L.(~)d}». + N3n(~)dZn

exchange transition densities in the even nucleus [23):
us write, besides the effective field equations (3), the conjugate equations for charge

However, the odd quasiparticle does affect not only ground state properties. Let

2EA
Ex · (fx · M) 2 = —-——. IU}

where the occupation factors are given by
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one-pion exchange amplitude. In the momentum representation it reads
Ref. It contains local 5-part with Landau-Migdal parameter g' and renormalized
[29]. The second term, the spin-dependent effective interation Ffr, was chosen as in
to the normal isovector density. The detailes of this derivation can be found in Ref.
second functional derivative of the density functional described above with respect
ten as a sum of two terms: F“’ = Ff + F},. The first term Ff was obtained as the

The effective interaction in the particle—hole charge—exchange channel can be writ
escape width Pac.
including the bound ones acquire the ”damping width” Pd = 47 in addition to the
resolution and to present the results in a visualized form. Thus all excited states
7 introduced in the quasiparticle Green’s functions [28] to simulate an experimental
representation. Actual calculations were carried out with an artificial damping width
(29)—(32) solve the problem of the L(1",F’;w) propagator construction in the (1-, »\)
which is used for the A,. and p., evaluations from Eqs. (20) and (21). Eqs. (20),
Note that the L,N, K ,A propagators should be calculated within the same basis

(32)_ "n "P p"(w)_—w—6p——E,,—e,,-[_w+6;z—E,,—c,,°

which must be substracted from the exact propagator A:
of the propagator A in the »\-representation, corrected for the pairing contribution,
and then tranformed to the coordinate representation. Finally, the Am is the part
to pairing correlations are most essential, is calculated directly according to Eq. (27)
includes transitions between the levels near Fermi-surface where smearing effects due
completely taken into account [28]. The "pairing" part of the propagator L,,,,, which
lar and irregular solutions of the Schrodinger equation so that the ph-continuum is
Here the Green’s functions G,,,(,,) can be expressed in closed form in terms of regu

+ ZpvZG··(¢"1»F¤s Pp — Ep + ~)<¢>;(F¤)<Pp(F2)
(31)

A(*‘°1»*°2;w) = Z,. v?.Gp(¢‘°1n*z;#¤— En — w)s¤Z‘.(F'1)<p»(Fz)

where the propagator A(·F1;1‘§;w) can be calculated exactly. It is written as

L(F.F’;¢¤) = A(F'n"';¢·¤) + E[Lp»(¢¤) ·· Ap··(¢¤)ls¤I.(F1)<m»(i‘°1)<P»(*’2)<P§(**2) . (30)

[12, 25, 26]:
L propagator is calculated in the (r, »\)—representation by using the following recipe
while the other ones, M, N 1, N 2 and K, give negligible contribution in this limit. The
corresponding propagators for the system without pairing at |e,\ - ;1.| , [ey — ;1.| > A
Fermi-surface is essential only for the L,,,, and LW,. propagators. They go over to the
As for the continuum, it can be seen that the contribution of states far from the
OCR Outputnuclei. A more detailed description requires an extension of the configuration space.
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constant gA=1 (in units of gv).
particle charge eq[0··r]=0.8 [3, 4], i.e. with an effective axial-vector weak interaction
approach outlined in Sect. 2. The GT matrix elements are calculated with local quasi

In this section we present and discuss the results obtained within the self-consistent
3.1 GT-strength functions for 71 Ga and 115In

3 Results and discussion

(or resonance) in S (w) at w = w, can be extracted.
Here Aw is an energy interval in which the contribution of some specific maximum

(37)ML. = I / d*'¢q%(F)p»r(*'»w·)= $(~)d~2 ] LW

transition from the ground state to the excited state:
the normalization constant C is calculated through the matrix element of the nuclear

+N‘(Fn°;<¤»)d‘(p;<¤.) + N’(Fn1;w·)<T’(p;¤¤·)l»
(36)

p,,(F;w_,) = C ImfdF L(F,1;w,)V(1;w,) + M(F,1:1;w_,)V1‘(1:;;w,)[i13

in the FFS theory as
where the transition density of a nuclear excitation with a frequency w, is calculated

(35)S(w) = é.,%(·F°)p¢,(F;w)dF] ,

perfluid nucleus to the charge-exchange external field W) can be found:
Having solved Eq. (26) the strength function determining the response of a su

the pp-channel, deduced from the B-decay data in Ref. [25], was used.
nucleons as it appears in (14). The value of gg = 0.2 for the spin-isospin constant in
The strength constant was taken to be equal to the pairing constant fi for identical

F§,,(·F1,F2) = —C'0g25(F1 - 1*}) , (AJ" = 0",1+,
(34)

Ff(F1,F2) = —G0fé6(F1 — F2) , (AJ"' = 0+, 1', ;

F5 + F5,. where
(26) for the charge·exchange excitations can be written in a similar fashion as F6 =

The effective interaction in the particle-particle channel entering Eqs. (3) and
was determined by a fit to the observed GT and M1 strength distributions
to the quasiparticle local charge [23] ef,'[0*·r] = 1 — 2(Q'. The value of = Q, = 0.1
The parameter (f characterizes the suppression of spin-isospin vertices in nuclei due
constant g' =1.1 was extracted [3] from the positions of the GT and M1 resonances.
operator in nuclear medium with allowance for virtual production of the A isobar. The
where g, = -41r (ff /C0 = —1.45 and PA(k2) is the pion irreducible polarization
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main resonances in the ,B`—channel have turned to be in a good agreement with those
the strength functions in the A : 0,FE : 0 approximation. The energies of the

To demonstrate the role played by pairing correlations, we have also calculated
spectrum of the “5In(p,n)“5Sn reaction at E, :120 MeV [30].
calculated GT strength distribution agree quite well with those observed in the 0°
the total transition strength is B(GT):14.11. Positions of the main bumps of the
nucleus 115Sn is B(GT):2.10. Within the excitation energy region below E,:15 MeV
strength integrated up to neutron separation energy B,,:7.56 MeV of the daughter
within the 25 < w <35 MeV interval and 0.9% is contained in the B+-channel. The GT
the interaction (34) is taken into account. In addition, 9.6% of the sum rule is located
B"-channel up to w :25 MeV contribute 91.3% to the sum rule of E = 32.64 when
transition, pygmy resonance and GTR can be clearly seen. The excitations in the
in the lower part of Fig. 1 where the characteristic regions of the ground state

The strength function for 115Sn calculated in the A #0 approximation is shown
resonance at 4..:,:12.2 MeV).
due to direct nucleon emission to the continuum (for example, Fcsc:64 keV for the
is the maximum of the strength function at w : w, and Pm is the escape width
resonances in the continuum is given by MQT : 21r(I`d + I`,,,,c)eg[a·1·]S,,,,,,, where 5,,,,,,
It should be noted that, in our calculations, the contribution to the sum rule from
E : 3e:[a··r](N —· Z), while M 10% of the total GT strength is in the ,8+-channel.
up to 20 MeV the GT transitions in B'-channel contribute z 110% to the sum rule
the half of the experimental GTR width [30, 34]. Within the excitation energy region
which arises through pairing correlations. This allows us to explain approximately
bution reveals two bumps. One of them is due to the u2g;/Q —> 1r2g9/2 transition

In the GTR region, at higher excitation energies, the calculated strength distri
this energy region (see however subsections 3.3 and 3.4).
B(GT)e,,p:4.5·(1 ;|: 0.5). Thus our calculation produces not enough GT strength in
of B(GT)=3.90 and 4.70 were obtained while from the 71 Ga(p, n)7l Ge experiment [30]
summed up to Bn in "Ge is B(GT): 2.15. In Refs. [11, 21], the corresponding values
°Ge which cannot be registered by radiochemical methods. The total GT strength
tion energy B,,:7.46 MeV in the daughter nucleus 71Ge lead to the stable nucleus
measurements by gallium detector since the excitations above the neutron separa
with the A :0 approximation. This energy region is very important for neutrino
4-6 MeV, to the sum rule increases by 17% due to pairing correlations as compared
the sum rule from a ”pygmy” resonance, located within the excitation energy region
transitions are shown in Fig. 1. We notice that in the case of "Ga the contribution to

The calculated GT strength distributions for the 71 Ga-+71 Ge and “5In—»u5Sn GT
correlations (up to 4p1h).
elements are reproduced only if one takes into account higher order ground state
be mentioned that in the shell model with configuration mixing [11] these matrix
and the first excited state of 115Sn are in good agreement with experiment. It should
between the ground states "Ga—>"Ge and that between the ground state of 115In

As can be seen from table 1, the calculated matrix elements for the transition
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observed seven GT transitions in the region of E, 2 5.4 Mev is 0.35:|:0.07. This may
comes from the transition between ground states while the integrated strength of the
of 1.97:}:0.06 deduced from the l9F(p, n)1°Ne experiment [32]. The main contribution
eq[a··r]=0.8 yields 2 B(GT) ¤2.0, in excellent agreement with the total GT strength
the total GT strength in the ISF -+19Ne channel. For the latter our calculation with
both channels is 93%. The total GT strength in the 19F —>‘°O channel is ¤13% of
Thus, in the considered energy region, the sum rule depletion by the excitations in
the strength comes from the transition 7l'281/2 —-> v2s1/2: E, = 0 MeV, B(GT)=0.43.
MeV, B(GT)2 = 0.16 and E,3 = 7.40 MeV, B(GT);; = 1.40. In the B+-channel all
values, calculated with e,,[a··r] = 1, are E,] = 0 MeV, B(GT)1 = 1.64, E,2 = 5.20
u2.s1/2 -—>·n·2.s1/2 and v1d5/2 —» 1r1d5/2, ld;/2 transitions. Their energies and B(GT)
tribution for ISF has three main peaks in the B'—channel which correspond to the
MeV, (Q,,,,=3.30 MeV and Q,,,,=4.82 MeV) [39]. The calculated GT strength dis
gaps between them: |s(u1d5/2)-s(u2s1/2)] = 1.47 MeV, |s(1r2.s1/2)—c(1r1d5/2)] = 0.24
observed ordering of the single-particle levels ual/2,1rsl/2 and uds/2 and the energy
rection was introduced in the calculated self-consistent potentials to reproduce the

To account for the level inversion in NF in the present work an additional cor
strength to be depleted by the 1/ld;/2 —> 1r1d5/2,1r1d3/2 transitions.
In the presence of the neutron pairing one can expect some portion of the total GT
in the proton as well as in neutron subsystem, the 251/2 states are filled before 1d5/2.
of the GT component in this mixed transition is _f=0.93:|:0.01 [39]. This means that
matrix element is known from ,6-decay of 19Ne as B(GT)=1.62 zi: 0.04. The weight
is contained in the l9F(%+ ) —>19Ne(%+) transition between the ground states. The
and 2s,/2 levels in NF. Experiment shows that a significant portion of GT strength

The approach used in the present paper does not describe the inversion of the 1d5/2
and possible existence of intruder states.
which are not reproduced in this model indicates both the necessity of basis expansion
(ld;/2, ld;/2 and 2.sl/2 subshells were included). The presence of some extra states
9Ne were calculated in the shell model approach [10] within ad-configuration space
simple scheme. In Refs. [36, 37] the 19F spectrum and charge-exchange transitions to
state. However, additional levels were found which cannot be explained within this
rotational bands built on the K" = gi ground state and the K" = gl first excited
excited states of 19F. The low-energy spectrum of this nucleus can be described by
iments [38] indicate a strong deformation in the ground state and in the low-lying
for nuclear structure theories [35, 36]. Electron scattering [37] and ·y-decay exper
tively simple shell structure (3 valence nucleons) this nucleus is an interesting object

Calculations for light odd nucleus 19F reveal some peculiarities. Owing to rela
3.2 GT strength distribution in 19F

by 2.2 times, and for the transition ulgg/Q —-» 1r1g7/2 in u5In—»H5Sn, by 2.5 times.
of "Ga-Jl Ge, calculated in the A=0 approximation, exceeds the experimental one
However, the probability of the u2p;;2 —» 1r2p1/2 transition between the ground states
extracted from the 71Ga(p,·n.) reaction at E,,=35 MeV [34] and E,,=120 MeV [30].



13 OCR Output

number of fissions: 59.3% of NSU, 28.6% of 239Pu, 7.5% of 238U and 4.7% of 2‘"Pu.
sponds to the following average contribution of the main fission isotopes to the total
(RONS) at the Rovno nuclear power station. The reactor fuel composition corre
measurements of the Dc + p —> 11+ e+ reaction with the Rovno Neutrino Spectrometer
an experimental 17,, spectrum was used. It has been deduced in Ref. [40] from the

For the calculations of the total absorption cross sections of reactor antineutrinos
increasing the cross section 0,,.
results in a shift of some strength to lower energies, around E, M B,,, thus also
in the vicinity of the GTR, the effect of fragmentation over complex configurations
section increases as compared with the 2p1h-approximation. At excitation energies
GT strength arises mainly due to ground state correlations, and the capture cross
account in Ref. [11]. In the lower excitation energy region, E, < B,,, an additional
contribution of the complex configurations (up to 5plh) which has been taken into
separation energy in 71Ga is larger. This can be explained by an energy—dependent
present work because the GT strength of Refs. [11, 21] summed up to the neutron
[21] (dashed line). They both are larger than the corresponding cross section of the
function from Ref. [11] (dashed-dotted curve) and the cross section taken from Ref.

Shown also in Fig. 2 for 71Ga are the cross section 0,, calculated with the strength
resonance region becomes available for excitation.
0,, for "Ga starts to exceed the cross section 00 at E, M 3 MeV when the pygmy
2) includes all the GT excitations up to 20 MeV. It is seen that the cross section
transition between the ground states 71Ga —»71 Ge. The cross section for Usln (curve
in daughter nucleus only, with 00 (dashed-double-dotted line) corresponding to the
calculated with allowance for the GT excitations below the neutron separation energy
(Fig. 1, solid curves), are plotted in Fig. 2. The cross section 0,, for "Ga (curve 1) is
calculated with the GT strength distributions obtained in the A 360 approximation

The capture cross sections 0,,(E,,) as functions of incoming neutrino energy E,,,

nuclei.
where Q is the reaction energy threshold and w the excitation energy in daughter
B-transitions. The energy of the emitted electron is given by E,. = E,. — Q —w +mcc2,
Fermi function and Sp(w) is the strength function of the Fermi and Gamow—Teller
where pc and Ec are the electron momentum and energy, respectively, F(Z, E.,) is the

38 (lEFZES d P<=c(»c)B(‘*’)“·’»
EV-QE ——!&/°'¤( v)"_n_h4c30

given by
u,(17, )—capture (of the inverse ,8-decay) in the approximation of allowed transitions is
reactor antineutrino capture cross sections (assuming ie E uc). The cross section of

In this section the calculated strength distributions are applied to estimate the
3.3 Cross sections of reactor antineutrino capture by 71 Ga, u5In and ISF

present method.
indicate the strong fragmentation of the GT strength that is not described by the
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spectrum. The calculated solar neutrino absorption cross sections for seven most
and In—F detectors are sensitive both to the low and high energy parts of neutrino
dependence of the GT strength distributions. As it was mentioned above, the Ga
the uncertaintes of the calculated neutrino capture rates, which stem from a model
experimental evidence for solar neutrino from the pp-cycle it is of interest to discuss

In the light of recent GALLEX and SAGE results which gave for the first time an
have been published [44, 45, 46, 47].
within the so called Standard Solar Model [15]. Recently, some new SSM calculations
neutrino oscillations [19]. The solar neutrinos fluxes have usually been estimated
the nuclear input data. They might also be influenced by the vacuum and resonance
their uncertainties depend on the model of astrophysical evolution of the Sun and on
H and 7Be nuclei give monoenergetic neutrinos. The estimated neutrino fluxes and
via reactions 1, 3 and 5 involving H, 3He and BB while the reactions 2 and 4 on the
beled from 1 to 5 in Table 3). Neutrinos with continuous energy spectra are produced

The most important sources of the solar neutrinos are the pp-cycle reactions (la
3.4 Solar neutrino capture rates for 71 Ga and “5In-/-19F

comparing the calculated cross sections with experimental ones.
threshold is quite strong (see Fig. 3). This should be taken into account when
the dependence of the average absorption cross section on the upper discrimination
with discrimination on the energy of outgoing ,3-particle. The calculations show that
other. It should be also noticed that reactor antineutrino experiments are carried out
states and, consequently, the cross sections 6,0, and 60 differ not too much from each
region is mainly determined by a contribution from the transition between the ground
of complex nature at low energies $ 2 MeV. In our calculation, the GT strength in this
antineutrino capture cross sections are sensitive to the appearance of additional levels
rapid decrease of the RONS 17, spectrum in the region above Ep = 4 MeV. Reactor
shown. The contribution from the pygmy resonance region is suppressed owing to the
cross sections related to the soft part of the 17, spectrum (E.; Q 1.95 MeV) are also

The calculated reactor 17,-absorption cross sections are shown in Table 2. The
a way that the total number of antineutrino per fission was retained equal to x6.
introduced for matching it with the RONS spectrum [40] at Ep = 1.95 MeV in such
isotope composition listed above, is used. The normalization factor of N = 1.2 was
,8-decay of fission products. The superposition of these spectra, according to the
obtained by Vogel et al. [41] by summing the individual 17, spectra occuring in the
MeV region, the calculated 17, spectra for fissionable isotopes are used. They were
spectrum at lower energies are missing. In the present work, for the Ep $ 1.95
from the reactor to be measurable. Experimental data on the reactor antineutrino
limit is close to the reaction threshold while the upper one is set by a very low 17, flux
where the antineutrino energy is within the 1.95 < Eg < 9.05 MeV interval. The lower

(E,.) = 6.506 - exp - ()’ - 1.0s(*°, Msv·16ss10¤·‘ , (39),% %)]
The deduced 17, spectrum can be approximated as
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width. For the line shape of the individual excitations a Lorentz function was used
We performed the calculations assuming a simple parametrisation of the spreading

which is closely related to the decay width of the particle states.
the decay of hole states as well as systematics of the optical potential imaginary part
part gives its energy shift. To parametrise I`l(E), one may use empirical data on
where the imaginary part defines a spreading width of the excitation and the real
corresponding contribution to the self-energy operator [48]: 2,,;, = A(E) + iI`l(E) /2,
strength distributions can be obtained by using an approximate expression for the
lations. A reasonable estimate of the influence of more complex configurations on the
[49]. At the same time this model seems to be rather complicated in practical calcu
scheme with inclusion of the quasiparticle-phonon coupling is still in an initial stage
yet to superfluid nuclei including the odd ones. The development of a. QRPA-type
correlations in the ground and excited states [48]. However, it has not been applied
an effect is the so called second RPA (SRPA). This scheme accounts for the 2p2h—
for calculating the response functions of charge-exchange excitations allowing for such
the GTR strength to lower energies. One of the most extended microscopic models
below and above the GTR. In particular, this mechanism is known to shift a part of
included in our scheme. The expected effect is a redistribution of the GT strength
One of the reason for this difference could be the quasiparticle-phonon coupling not
[15] where the strength function extracted from the (p,n) experiment [30] was used.
strength function of Fig. 2, is nearly twice as low compared with calculation of Ref.
to the total capture rate. The 8B neutrino capture rate for 71Ga, obtained with the
tor. All the calculations [11, 21, 15] give an estimate of 10-13% for the BB contribution
energy (7.46 Mev) in 71 Ge is a "natural" registration threshold for the gallium detec
(7-7.5 MeV). This effect is especially important for 71 Ga since the neutron separation
GT strength distribution in the region near the maximum of SB neutrino spectrum

The BB neutrino capture rate is very model dependent because of sensitivity to the
for the pp neutrinos.
that the uncertainty of the estimated 7Be neutrino capture rate is higher than that
calculations in Ref. [15] results in a slightly higher 7Be rate (see Table 3). This means
the experimental spectra [30]. The use of the experimental strength function for the
Table 3. There is an indication on such a low—energy structure (E, $ 1) MeV in
from very low-lying GT exitations, which are not described by the models cited in
the 7Be neutrino capture rate but in this case one can expect also some contribution
by the difference in the GT matrix elements used. The same argumentation holds for
the Rp, calculated in the present work from the R", values of Refs. [11, 15] is explained
long as one uses the experimental matrix elements [31, 33]. A slight deviation (2%) of
uncertainty regarding the contribution of the pp neutrinos might not be discussed as
the GT transition between the lowest allowed partners in "Ga and 115In. Thus the
from the pp neutrinos. This contribution is determined by the matrix elements of

It can be seen from Table 3 that more than half of the predicted total rate comes
detectors are presented in Table 3 in comparison with the results of Refs. [11, 15].
important neutrino sources and corresponding rates in gallium and indium—fluorine
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section factors used. For the basic pp-fusion reactions, the corresponding fluxes are
solar neutrino fluxes predicted by the SSM are also iniiuenced by the nuclear cross
the diffusion of heavy elements is expected to give a further increase of this flux. The
3.5 SNU (3%) and increases the SB neutrino flux by 12% (Ref. [44]). The inclusion of
helium diffusion leads to the increase of the total capture rates for gallium by about
SNU (0.5%) for the Ga detector [44]. Incorporating new physical effects such as
[44, 45, 46, 47], for the same input parameters, give the same results to within 0.5
fluxes obtained within the SSM. First, note that all the most recent SSM codes

Concluding this section let us briefly discuss the uncertainties of the solar neutrino
nucleus was treated as a deformed one due to the odd proton influence.
semi-magic. Note that for reproducing the 19F ground state spin in Ref. [50] this
self—consistent calculations with volume pairing only the 19F nucleus turns out to be
light odd nuclei such as 19F our estimates may be oversimplified. In our spherical
obtained in the 17, E uc approximation is 0.08 · 10'42cm2 (0.5 SNU). In fact, for

The antineutrino capture cross section (capture rate) in the channel 19F —»l9O
calculated total rate for the SB neutrino capture is 12.7 SNU.
0.22 · 10'42cm2 to 0.4 · 10'42cm2 depending on the single-particle level scheme. The
energy transitions, namely u1d5/2 ——> 1r1d5/2, 1d3/2, to the cross section varies from
cm2 and the corresponding capture rate is R8=10.4 SNU. The contribution of higher
factor taken from experiment [39]. The calculated cross section is 6 = 1.8 · 10" 42

states both the Fermi and Gamow-Teller matrix elements were included with a mixing
section for the SB neutrino capture by 19F. For the transition between the ground

Within the approach described in subsection 3.3 we have also calculated the cross
[15] based on the experimental GT strength functions.
(up to 20%) might be assigned to the estimated SB neutrino capture rates in Ref.
which is not very accurate for the GTR region. Thus, some additional uncertainty
extraction from (p,·n.) data may arise through the multipole decomposition procedure
function [32] was used. It should be noted, however, that an error in the GT strength
capture rate is rather close to that of Ref. [15] in which the experimental strength
experimental one in the region of E, _§ 12 MeV. As a consequence, the BB neutrino
it at E, 2 B,,. The strength function of usln (Fig. 4) reproduces quite well the
[11] is in turn close to the experimental one [32] at E, § 5 MeV but disagrees with
to the calculations of Refs. [11, 15]. The GT strength function calculated in Ref.
1Ga has resulted in somewhat lower capture rate for the SB neutrinos as compared
3). However, the deficit of the GT-strength at E, $ 8 MeV in our calculations for
AB(GT) = 0.63 changing the SB neutrino capture rate from 6.50 to 8.55 SNU (Table
GTR region (E, $ 11 MeV). The GT strength in the region near B,, has increased by
allows for the better description of the experimental strength function of 71 Ga in the
and “5In(p,n)“5Sn [32] reactions at E, = 120 MeV. It turns out that such a recipe
are shown in Fig. 4 in comparison with those extracted from the 71 Ga(p, n)7l Ge [30]
the GTR region (with a :0.018 Mev'1) [48]. The calculated GT strength functions
Fm, = 200 keV for the excitations below the particle threshold, and I`1 = aE2.in
with a width I`* depending on the excitation energy. It was assumed also that Fl =
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the SB neutrino events. This is very actual in the light of the recent GALLEX and
tive because it suggests the reliable measurements both of the pp and 7Be and of

The program of solar neutrino spectroscopy using an In-F detector is very attrac
strength functions at higher excitation energies.
and polarization tranfer data could provide a more reliable reconstruction of the GT
be useful since the combined microscopic analysis [52] of inclusive neutron spectra
5%). The (p,·n) experiments with polarized nucleons on 71 Ga, usln and 19F would
the corresponding uncertainty in the total rate is expected to be relatively low (3
However, this contribution to the total capture rate does not exceed 10-13% so that
models of the GT strength near the neutron separation threshold in daughter nuclei.
neutrinos with excitation of higher lying states is very sensitive to the fragmentation
evaluated quite accurately by all existing calculations. The contribution from the SB
The corresponding matrix elements are known experimenta.lly and this contribution is
7Be neutrinos are defined by the GT transitions between the lowest allowed states.
the main contribution coming from the pp and, to a considerable extent, from the
estimations can not be removed by re-examining the nuclear stucture input because

The observed deviation of the total solar neutrino capture rates from theoretical

for the NF nuclei.
made a simple estimate of the solar neutrino and reactor antineutrino capture rates
well with other calculations though are slightly lower (see Table 3). We have also
width. The results for the solar neutrino capture rates on 71 Ga and “5In compare
urations beyond the QRPA was simulated by using an energy-dependent spreading
the particle-hole continuum was included completely. The effect of complex config
the local Landau-Migdal force g' and a renorma.lized one—pion exchange amplitude;
systems were solved using a spin·dependent charge-exchange interaction containing
account. The dynamical QRPA-like equations of the Migdal theory of finite Fermi
ple parametrization of the particle-particle force; the blocking effect was taken into
forces in the particle-hole channel. Pairing was treated self-consistently using a sim
functions approximating the density dependence of local and finite-range effective
A nuclei. This approach is based on the density functional with fractional-linear
self-consistent treatment of the charge-exchange excitations of the superfluid odd
ture rates of solar neutrinos and reactor antineutrinos have been calculated by a
The Gamow-Teller strength functions of the "Ga, usln and 19F as well as the cap

4 Concluding remarks

gallium experiment has been estimated as 10% in Ref. [44] and 15% in Ref. [51].
Ref. [15]). The overall uncertainty of the total capture rate predicted by the SSM for
to the energy range necessary for the Solar model gives a sizeable error (15%, see
section of this reaction has been measured at different energies, but the extrapolation
7Be and SB neutrinos are very sensitive to the 7Be(p,·y)8B reaction rate. The cross
estimated within the SSM with an accuracy of 2%. On the contrary, the fluxes of the
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pairing correlations in such nuclei. This problem will be considered elsewhere.
problem. It seems that much attention should be paid to the density-dependent
ordering of the single-particle levels in light odd nuclei (NF, etc.) is another interesting
5Sn, which is important for the analysis of signals from an In-F detector. The11

a reasonable estimate of the 7 transitions from excited states to the gr state in
detailed description of the neutrino capture processes. In particular, it could provide
further development. The practical yield of such an extention would be a more
the collective states of odd nuclei inthe charge-exchange channel seems to deserve
(incorporating, for example, the quasiparticle-phonon coupling) with application to

Concerning nuclear stucture theory, an extention of the QRPA—type approaches
few percent.
important because it would allow to deduce the central temperature of the Sun to a
(neutrino-induced deutron disintegration in D20 [55], SNO). The latter is especially
in a purified liquid scintillator [54], BOREXINO) and detection of the BB neutrino
scattering in liquid helium [53]), detection of the 7Be neutrinos (neutrino scattering
would be also other planned experiments: detection of the pp neutrinos (neutrino
tion of both low- and high-energy parts of the neutrino Hux. Decisive at this point
recent solar neutrino measurements require a critical analysis of the models of forma
trinos and of studiug the anomalous channel contribution in reactor experiments. The
SAGE data. It also gives the possibility for searching the hypothetical solar antineu
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ones in the A #0 approximation (see text).
from the (p,n) reactions at E;,=120 MeV [30, 32] in comparison with the calculated
Fig. 4. GT·strength functions for 71Ga (upper part) and Hsln (lower part) extracted

the B-particle detection threshold.
Fig. 3. Total reactor antineutrino absorption cross section on 115In as a. function of

including all GT-transitions up to E,= 20 MeV (dashed line).
function from Ref. [11] (dashed-dotted line); taken from Ref. [21] (curve 2). 115111:
the neutron separation threshold B,, in 71 Ge (curve 1); calculated using the strength
for the g.a. —> g..s (dashed·d0uble-dotted line); including all GT-transitions up to
Fig. 2. Neutrino capture cross sections for 71 Ga and 115In as functions of E,. 71 Ga:

(solid lines) and without them (dashed lines).
part) calculated in the A #0 approximation with interactions of eqs. (33) and (34)
Fig. 1. GT-strength functions for "Ga —»71Ge (upper part) and 115In-+115Sn (lower

5 Figure captions
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9F and to the u1g9/2 —> 7l’lg·{/2 transition for “5In.
sections 60 in the third column correspond to the g..s. —> g..s. transitions for 71 Ga and
sections calculated with the GT strength distribution taken from Ref. [11]. The cross
The full 17, —> uc conversion on the target is assumed. Bracketed values are the cross

0.0036.28-9.05 0.47*90

0.733.30-9.05 0.7219Ne

E = 4.86 E = 5.12

3.471.95-9.05 3.25

1.651.610.119-1.95“5Sn
E = 1.17 E = 2.38(3.09)

1.95-9.05 0.89 2.00(2.66)

0.236-1.95 0.37 0.38(0.43)1Ge
nucleus Ep, MeV 10"43 cm2/fiss. 10`43 cm2/{iss.

am ,Daughter Energy interval 60 ,

Table 2 Cross sections for the reactor 17,. capture by 71 Ga and “5In+19F

(vlgg/Q —> n·1g7/2)
0.17 Ref.[32] 0.154 Ref.[33]In—>Sn 0.35 0.15

(#21% —· *%/2)
Ga—>Ge 0.20 0.08 0.052 0.071 0.083 Ref.[30] 0.09 Ref.[31]

A = 0 A gé 0 Ref.[11] Ref.[21] (pn)
(Transition)

Nuclei Mg-1-, expMET, calc

71Ga-»"Ge G- —>é-) and usln —»u5Sn (gil —» gl-) transitions
Table 1 Calculated and experimental Gamow-Teller matrix elements for the












