PHYSICAL REVIEW D, VOLUME 60, 113002

Signatures of the efficiency of solar nuclear reactions in the neutrino experiments
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In the framework of the neutrino oscillation scenario, we discuss the influence of the uncertainty on the
efficiency of the neutrino emitting reactiond(p,e* v.)?H and "Be(p,y)®B for the neutrino oscillation
parameters. We consider solar models with zero-energy astrophysieators S;; and S;; varied within
nuclear physics uncertainties, and we test them by means of helioseismic data. We then analyze the neutrino
mixing parameters and recoil electron spectra for the presently operating neutrino experiments and predict the
results which can be obtained from the recoil electron spectra in Sudbury Neutrino Observatory and Borexino
experiments. We suggest that it should be possible to determine tight bougsftom the results of the
future neutrino experiment, in the case of matter-enhanced oscillations of active neutrinos.
[S0556-282(99)00821-9

PACS numbd(s): 14.60.Pq, 25.60.Pj, 26.65t, 96.60.Ly

[. INTRODUCTION Sy, and its estimation must be obtained from standard weak-
interaction theonf5]. The latest suggested val(i@] is S;;
The solar neutrino experiments—HomestdkiM), Ka-  =4.00x 107 keV b with an uncertainty of +2.5% at 1o.

miokande (K), GALLEX, SAGE, and Super-Kamiokande This is of the same order as the uncertainty of the free neu-
(SK)—have shown the existence of robust quantitative dif-tron decay time, which is linked to the ratio of the axial-
ferences between the experiments and the combined predigector to the Fermi weak-coupling constants.

tions of minimal standard electroweak theory and stellar evo-  The reaction’Be(p, y)®B produces the dominant signal

lution theory. On the other hand, the latter is nowadays inn the HM, SK and Sudbury Neutrino Observatai§NO)
significant agreement with the constraints pose_d_ t_)y helioseisieytrino experiments. Unfortunate$, is one of the most
mology and thus we can consider the possibility that the,,qry known quantities of the entire nucleosynthesis chain
neutrinos have properties other than those included in thgio jeads to®B formation. The reaction cross section is

&%Tfi?\geiflﬁlﬁtr?xﬂvgm nr?gt(tj:rl;enzgice,\élIk:seg;ﬁ;\/t-iinmlglr?c\i/-measured down to 134 keV with large statistical and sys-
tematic errors which dominate the uncertainty in the deter-

vacuum(“just-so”) oscillation[2] (VO) provide an explana- S .
tion of the neutrino deficit, although it is not yet clear which mination of the astrophysical factor atlaw energieh Ref-
gjence [6] recently quoted S;;=197; eVb at 1o,

mechanism produces the required suppression. Because L ) i
the increasing accuracy of the results of the present and figuggesting a conservative value @& in the range
ture neutrino experiments, it is interesting to investigate thet5—27 €V b with an error of= +30% at 30. Any change
effects of the uncertainty in solar physics parameters on th# Si7 affects only the®B neutrino flux,4,(°B), and leaves
solar neutrino oscillation scenarios. all the other relevant quantities of the solar model, such as
We study how the allowed regions in the parameter spacte sound speed profile and the neutrino fluxes produced in
of the two-flavor oscillations are modified wh&g, andS,,,  the other reactions, unalter¢d].
the astrophysical zero energ§ factors of the reactions ~ The value ofSy influences indirectly the totap,(°B)
IH(p,e* vy ?H and "Be(p,y)B, are changed within the which is quite sensitive to the central temperature of the Sun,
ranges derived from the nuclear physics calculations and extd #,(°B)>Si;T2*[9]]. In fact, a change i, determines a
periments, using up-to-date solar models. change in both the tota p-neutrino flux,¢,(pp), and T,
The efficiency of the first reaction determines, throughbeing AT¢/Te=—0.15AS;,/Sy; and ¢,(pp)=T. . We
S;1, the evolution of the chemical composition in the Suntherefore constrais,; with the help of helioseismology, in
and its hydrostatic structure. Since the meteoritic age of therder to reduce its influence on the totg)(®B) uncertainty.
Sun is fairly well known{ 3], any modification of5;; changes Nonetheless, the greatest uncertainty in this flux still remains
the present central abundance of hydrogen and hence titlee measurement &,;.
behavior of the adiabatic sound speed which can also be Since the efficiency ofH(p,e" »))?H influences mainly
determined by helioseismig-mode data inversion. Most of the structure of the solar model and the neutrino rates,
the astrophysicab factors of the relevant nuclear reactions in whereas the situation is opposite for the strength of
the Sun are determined from measurements in the laboratoriBe(p,y)®B, we have considered the following casés)
at higher energies, extrapolated down to zero energy. Hows;; standard ané,, varied;(2) S;; standard ané,, varied.
ever, because of the very rare event ratéléfp,e* v)?H at  Here bystandardwe denote the most favored values &
high energies(1 reaction in~1C° years at 1 MeV for a andS;; suggested by6] and byvaried we mean a conser-
proton beam of 1 mA4]) this procedure is not applicable to vative range of variations allowed at99% confidence
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TABLE I. Solar neutrino event rates withol errors. In the 0.0107 ' ' ' T

theoretical errors th&,;; uncertainty is removed.
Experiment Datat (sta) *+ (syst) Theor. err.

0.005 h
HM 2.56+0.16+0.15 SNU 13.1% o I
SAGE 69.9°%9"37 s\u 5.8% >
GALLEX 76.4+6.3°35 SNU 5.8% ©
SK 2.44+0.05° 392 10fcm %s? 14% 0.000 | .
GALLEX +SAGE 72.4-6.6 SNU 5.8%
ZRefgrence{28]. —0.005 I = ) ) . L Y
Derived from[22]. 0.0 0.2 0.4 0.6 0.8 1.0

r/R
level. All the other reaction rates, such &g and S;,, are _ _ _ _
left unaltered to their standard values as givefiih In Sec. FIG. 1. Difference in sound-speed profiles of various solar mod-
Il we investigate casél) by using helioseismic data in order €/S- The solid line is our standard solar model, the dash-dotted line
i i = —22
to obtain more stringent limits on the “unsuppressed” total'S oPtained fqr28211—3-89>< 10 2% keV b, and the dashed one for
¢.,(pp) S11=4.20x 10 keV b.
Y .

The behavior of the neutrino mixing parametans? and o ) . )
sirf20 as a function oS, is presented in Sec. Ill. The mix- tion is described by the mixing length theoi7]. Unlike

ing parameters are obtained throughfits by using the re- previous work[12] where models of the solar atmosphere
cent results of HM, GALLEX, SAGE and SK experiments as'Veré used, here we consider an Eddington atmosphere for
shown in Table I. We consider MSW and VO transitions into the outer boundary conditions since we focus our attention
active (non-sterile and sterile neutrinos as well. Previous ON Processes occurring in the deep interior, where the exact
analyses in this direction have been carried out by other ac3tratification of the atmosphere has almost no influence.
thors which used different approaches and considered an ar- A comparison of the present model with other up-to-date
bitrary ¢,(®B) [10] as an additional free parameter. In our Sta”df%fd solar models is glvenljn8]. In Fig. 1 we show the
calculations the Earth regeneration effect is included and thBehavior of sound speed in our standard solar model as com-

exact evolution equation for the neutrino mixing is solvedpir?d with th? seismic mode! deLiVEd by Basu and
numerically without resorting to analytical approximations. Christensen-Dalsgaard by inverting the GGLWDI data
In Sec. IV, the first and second moments of the recoil[lg]' The values of some basic quantities of our models are

electron spectra in SK are calculated for the best-fit values gfummarized in Table Il. These values refer to the computa-
sir?20 and Am? obtained in the previous section, and we tion of different solar IT_]C2)96|S witls,, varied Wlt_h2|2n the ex-
discuss the possibility of considerir®- as a free parameter réme cases of 3.8010 * keV b and 4.2610""* keV b,

in the analysis of the forthcoming data from both SNO and®dS17 kept at the standard valiease ]. Each model with
Borexino experiments. It is shown that a determination of theé* 9iven value ofS;; has been obtained by following the
lower and upper limits on ths, values can be derived from Whole evolution and adjusting the mixing length, initial he-
the measurement of the charged current to neutral currefitim a@bundance, and chemical composition to fit the solar

relative ratio(CC/NC) in SNO. Section V is devoted to the 'UMinosity, effective temperature and surface valueZok
conclusions. =0.0245[16]. All other input physics, such as opacity or the

equation of state, is the same for all the models. In particular,
the luminosity and effective temperatures of the models dif-
Il. SOLAR MODELS fer from the solar luminosity and effective temperature less

The solar models were computed by using the latest vert-han 10°* for all the models considered.
P y g The production region of thpp neutrinos extends up to

sion of the Garching Solar ModdtzarsoM code, which r<0.3 Ry . This region is within the reach of the low order

originates from. the K'Ppe”h‘?‘h” stellar evolution prpgramno modes. It can be of interest to verify to which extent the
[11]. Its numerical and physical features are described i

more detail in[12]. In particular, it uses the latest OPAL
opacities[13] and equation of statgl4] and it takes into
account microscopic diffusion of hydrogen, helium and
heavier elementse._g. C, N, Q. The dif}‘usion constants are T, te  Re,/Ro #(°B) GALLEX HM
calculated by solving Burgers’ equation for a multicompo- (10 K) (cm2 s (SNU (SNU)
nent fluid via the routine described {15]. The standard
values of the reaction rates are taken fri@h In the present 3.89 1.578 0.860 0.715 5.540° 131.8 8.2
version the equations for nuclear network and diffusion aret.00 1574 0.859 0.713 5.16x10° 129.5 7.7
solved simultaneously. We follow the evolution of the mod-4.10 1567 0.858 0.712 4.85x10° 127.5 7.3
els from zero age main sequen@AMS) to an age of 4.6 420 1563 0.857 0.711 4.56x10° 1256 6.9
Gyr. The metal abundances are taken fifdi]. The convec-

TABLE II. Solar models with different values ofs;;
=S,,/(10 % keV b); thestandardmodel hass;;=4.00.
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FIG. 2. Differences in small spacing frequency differences for
various solar models. The solid line is obtained 81;,=4.20
X 10 22 keV b, the dash-dotted line fdB,,;=3.89x10"?? keV b,
and the dashed line for the standard c&se=4.00< 10722 keV b.

FIG. 3. Allowed regiong95% C.L) of neutrino mixing param-
eters in a two flavor case for solar models with different cross
sections of’Be(p, v)®B(S;;= 17 dashed line, 19 solid line and 23
dash-dotted line, in units of eV b).

uncertainty in the theoretical calculations $f; can be con-

strained by helioseismic data. In order to investigate this pos-

sibility we have compared the sound speed profile of solaf'"® thus excluding any possibility of producing signatures
models with differentS,; with the sound speed profile de- N the helioseismic frequencies. For the computations that

rived from helioseismic data inversion ja9]. The result is  follow we keepSy, fixed at its standard value, and we vary
shown in Fig. 1 where it appears that a model with the high->17 Within the allowed “conservative” range.
estS;; better reproduces the internal stratification.

A different method is the forward approach where small
differences in frequencies of low order modes are compared. Il
The small spacing differenceSv, = v, |—v,_1)12, for |
=0 andl =1, are in fact highly sensitive to the sound speed . . .
gradient in the very central region of the Sun. For this pur- In this section we present the results obtained from the

pose we have then used a weighted average of the first 149t@! rates in the GALLEX-SAGE, HM and SK detectors
days of MDI and of 8 months GOLF datf0] for | (Table ) for our modified solar model introduced in the pre-

=0,1,2,3 anch from 10 up to 26. We have thus calculated vious section. We have calculated the allowed parameter
Svy, for =0 andl =1 relative to solar models with differ- SPace &m?sirf26) for neutrino oscillations in the two-
entS,;. flavor case, taking the theoretical errors fr¢@2]. As we

From an ispection of Fig. 2 it appears that, fer1, the  study the influence 08,7 on the oscillation parameters we
model with the highesS,; seems to approach more closely remove its contribution from the total theoretical uncertainty.
the real Sur(a similar conclusion is obtained fb=0). This ~ For the calculation of the MSW effect we piecewise linearize
is consistent with the results of secondary inversions for théhe density profile of the respective solar models, and the
temperature profile where it has been estimated gt evolution equations for neutrino oscillations are then inte-
=(4.15+0.25)x 10 ?? keV b [21]. Since both the inverse grated by using the exact solution on each linear part. We
and forward helioseismic approaches indicate that highealso include the average Earth-regeneration efgit Since
values ofS;; seem more favored, we are allowed to concludethe models with different values @&;; predict a different
that the totale,(pp) = Si;S32°S,,2% can be considered as 8B-neutrino flux, the expected event rate changes for SK and
bounded from below at the value also for GALLEX-SAGE and HM. Thus, different conver-
sion probabilities are needed for each valu&gfin order to
explain the measured rates in these experiments. This leads
to different confidence regions in the €@-Am? plane(see
from helioseismic data. Fig. 3.

The greatest uncertainty in the neutrino flux predicted by The general trend in the small mixing ang®&MA) solu-
solar models comes from the poorly knoWB neutrinos, tion shows that an increase 8f, shifts the mixing towards
whose flux is mainly determined by the reaction rate oflarger angles, while keeping the mass difference almost con-
"Be(p,y)®B, the first reaction of thepplll subcycle. This  stant. A similar trend can also be noted for the VO ddseg.
subcycle contributes only 0.01% to the total energy produc4). In the large mixing angléLMA ) solution both the mass
tion of thepp cycle though it is responsible for the emission difference and the mixing angle decrease with increaSing
of the most energetic neutrinos produced in this subcycle. ltssee Table II).
contribution has practically no influence on the solar struc- The results shown in Fig. 3 and Fig. 4 indicate that if on

RESULTS FOR NEUTRINO OSCILLATION
PARAMETERS

5.93x 10" cm™? s < ¢(pp)
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FIG. 4. Allowed region (95%) for VO a$,; is varied S;7 FIG. 5. The minimal y*> values with varying strength of
=16 solid line,S;;=23 dashed ling "Be(p, y)®B for the LMA (solid line), SMA (dashed linpand VO

(dash-dotted linesolutiions.
the one hand there are always three possible well-separated
solutions of VO, SMA and LMA, on the other hand it is different values ofS;; and taking into account the present
difficult to disentangle additional effects in each of the solu-data of GALLEX-SAGE, HM and SK.
tions for the present experimental status, sigééas rather
shazllow minima(Fig. 5. A constraint onS,; at 1o (x? A. Super-Kamiokande
~Xmin=1 in Fig. 5 can be obtained from the? analysis of Recently, the SK Collaboration published first data about
the total neutrino rate_ln the case of the SMA solutlon_ whlch,[he zenith angle dependenf24] of neutrino flux and elec-
gives 9s8817s25 and it leads to the following constraint on tron recoil energy spectrufi25] which seem to disfavor any
the ¢,(°B): of the above investigated solutions. However, the present
statistics and detector threshold at 6.5 MeV are not yet suf-
ficient to exclude them. More precise conclusions can be
reached in the future with the improvement of the statistics
where f,(°B) is the normalized flux ¢,(°B)/  and lowering of the threshold to 5 MeV.
& ,(®B)|standard- We determined the values @&fm? and sirf26 nedeed in
We have also analyzed the case of a non-stan@gd order to reproduce the present event rates in GALLEX-
concluding that, if the range of variation is limited by both SAGE, HM and SK by using models with different values of
helioseismology and nuclear physics uncertainties, the differS;7 (cf. Fig 3). For the best fit LMA, SMA and VO solutions
ences in the best-fit solutions are not very significant. Unfor{depending orS;;) we calculated the electron recoil spec-
tunately, at the present time it is not clear which kind oftrum by convolving the neutrino spectrum with the calcu-
oscillation mechanism is responsible for the neutrino suplated survival probability, the neutrino-electron scattering
pression. Additional information should be available from cross section and the energy resolution function. Apparently,
the future data of SK, Borexino and SNO experiments. the spectrum in SK does not allow us to discriminate among
different values ofS;; (ii), but it can provide important in-
formation to distinguish the different types of solutiofs
We thus calculated the first and second electron moments of
In the following sections the expected forthcoming datathe recoil electron energy distribution assuming a threshold
for SK, Borexino and SNO are summarized. We foGu®n  of 5 MeV and an energy scale uncertainiy =100 keV
the ability of these experiments to identify the oscillationas in[26]. Further information can in fact be extracted from
mechanism{LMA, SMA or VO) and(ii) on what is expected the relative deviations of the above two moments from the
to be measured in these detectors using solar models wittorresponding moments in the case of nonoscillating neutri-

0.6$f,,n(8B)<1.8 (20)

IV. FUTURE DATA AND EXPERIMENTS

TABLE lIl. Best-fit solutions for the total event rates in Table |. The first two columns refer to the SMA
solution, the second to the LMA solution and the last ones the to VO sol8ieris given in eV b.

S5 Am? sin’(26) Am? Sir?(26) Am? Sir?(26)
15 5.2x10°° 4.2x10°3 2.7x10°4 0.88 1.1x 10710 0.88
17 5.2x10°° 6.1x10°3 8.5x10°° 0.88 1.1x 10710 0.93
19 5.3x10°° 6.5x10°3 7.4x10°° 0.82 9.1x10 % 0.78
23 5.2<10°6 8.8x10°° 2.1x10°° 0.69 6.6<10° 11 0.85
27 5.3x10°6 1.0x10°2 1.6x10°° 0.57 8. 710711 0.95
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TABLE IV. Fractional deviation from the no-oscillation case of ro[ ' ' ' '

23 1.56 5.61 -0.12 -0.32 0.77 -9.80

the first and second moments of the energy distribution of the recoil L (a) ]
electron in SK and SNO for active neutrinos. The first two columns 1
refers to the SMA solution, the second ones to the LMA solution . 0-8[ )
and the last ones the to VO solution. 9‘3 7
&

Super-Kamiokande 5
S;; AE[%] Ao %] AE[%] Acq%] AE[%] Ac?%] ; / i
14 098 338 037 -151 590  6.88 = NN
19 1.41 4.98 -0.49 -1.58 3.32 -1.64

SNO 18 18 20 22 24 26
S;; AE[%] AcZ%] AE[%] Ao %] AE[%] Ao?[%] Si7 [eV barn]
14 131 204 -015 -036 306  -19.7 Lop— ' ' ' (b) ]

19 2.17 291 -0.55 -0.72 -0.21 -21.3

23 262 353 002 031 -310 -24.2 081 ]
@ L LMA e ]
E06F ——mm e ‘. 3
nos (E)—(E)o)/(E)o and (o?)—(c?)o)/{a%)o (the sub- £ LMA (st.) S - ]
script “0” refers to the no-oscillation case As is shown in \g 0.4 ]
Table 1V, different solutions lead to different relative devia- 25 & ]
tions of the first two spectral moments. &l — e ]
We note in particular that in the SMA case an increase of 0.2 I ]
S,7 leads to an increase of the relative deviation of both first [\SMA (st.) ]
and second moments, while in the LMA case, one finds the L ' '
opposite behavior with a weaker relative variation. A trend 0.4 0.6 T [Mg\'g 1.0 12
that is qualitatively very similar to this one can also be ob-
served for the sterile case. FIG. 6. (a) Event rates in Borexino normalized to the expected
rates from our standard solar model without oscillations for differ-
B. Borexino ent values ofS,;. The shaded regions show the  lthe hatched the

20 areas.(b) Recoil electron spectrum for the best fit SMA and

Th_e Bor(_axmo experlment wil meas_ure mainly thBe . LMA solutions in the sterildst,) and nonsterile cases. For the latter
n_e_utrlno_s via ne_utrlno-electron-spatterlng, thgrefore NO Sigy _ 15 (dashed ling 19 (solid line) and 27(dash-dotted lingin
nificant information can be obtained from this experiment .is of eV b.

about the value 085 (ii), as the expected counting rate is

independent 08, (Fig. 63. In the VO case (10''<Am?<10 °) the eccentric orbit

However, It Is Interesting to not_e that although the 1 of the Earth leads to seasonal variations in the neutrino flux
regions of the SMA and LMA solutions are well separated,due to the long oscillation lengtky~2.48E/Am?(l, in m, E
~2. v ,

at the 20 level there is some overlap. In this case it may alsoIn MeV, Am? in eV2). Since 90% of the/Be neutrinos are
be possible that the measurement of the event rate will not b mitted, in a monoeﬁergetic line, this effect is more pro-
sufficient to discriminate these solutions unless the value Ofounced for these neutrinos thar; fop and 8B neutrinos
8171_? quite Io;/v.d il elect " h in Fi 6whic:h are emitted in a continuous range of energies. In the
€ expected recoll electron Spectra aré snown in ig. %MA and LMA solutions no seasonal variation appears; thus

for'the'dlifherer)t tyrl)esE[ ?f solutlon's. T?ﬁ S'\QA solut|'or|1tshrc1)ws Borexino should be able to discriminate between these cases
a rise in the signal at low energies, thus it is crucial to have, - "\ o\ solutiorti).

good statistical data just above the detector threshold o?
0.25 MeV. The behavior of the SMA solution is described
by the typical shape of the survival probability of electron
neutrinos with varying energg/‘valley” at intermediate en- The SNO experiment will measure the recoil electron
ergies. This leads to an almost full conversion of thBe  spectrum of the reaction

neutrinos into v,,v, or v, partial conversion of the B

8B-neutrino and almost no change of thp neutrinos. In the vetd—p+p+e

case of the LMA solution the survival probability of, is

almost constant for all the energies. In the light of the presenand the ratio of the charged to neutral current evé@G/
solar neutrino experiments resulfotal rates the MSW-  NC). Using the neutrino fluxes of a solar model with a fixed
SMA solution seems to be the most viable one for explainingralue of S;7, the expected CC/NC ratio is determined by
the lack of ‘Be and a reduction by a factor of 2 of t§8  letting Am? and sirf26 vary within the 68.4% and 95.4%
neutrinos. C.L. region of the LMA, SMA or VAC solution. As shown

C. SNO
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FIG. 8. Normalized electron energy spectra in SNO for active
neutrinos. The SMA solutions correspond to the solid and dashed
lines for S;;=14 eV b andS;;=23 eV b respectively. The dash-
double-dotted $,,=23 eVb) and dash-dotted lines S
=14 eV b) are for the LMA solution.

cc/NC

o10=1 MeV at the electron energye,=10 MeV as
adopted in[26]. For the best fit SMA and LMA solutions
obtained from solar models with different valuesSyf, the
expected electron energy spectrum in SNO is shown in Fig. 8
for the case of active neutrinos.

The separation in the recoil electron spectra of both solu-
tions is not very pronounced, therefore these data alone may

cc/NC

oot . . . . '. ] not be sufficient to discriminate between LMA and SMA
10 15 20 25 30 solutions. We remark that the overall behavior of the SMA
Sy» [eV barn] and LMA solutions in SNO is very similar to the one in SK,

namely that the average energy of the recoil electrons is
higher in the SMA than in the LMA case for every value of
S,7 (see also Table IV

In the sterile case the differences among various cases
with alteredS,;; are much smallefii), and it is even more
unlikely that any significant variation in the spectra will be
;\!isible, neither in SNO nor in SK.

FIG. 7. CC/NC ratio in SNO for solar models with varying
values ofS;;. The dashed line shows therlthe dash-dotted line
the 20 range.

in Fig. 3, varying S;; changes the oscillation parameters
which are able to reproduce the present results of GALLEX
SAGE, SK and HM. These changes alter the expecte
CC/NC ratio, and thus provide an indirect dependence of the
CCINC ratio onS;5 (ii). The relations found are shown in
Fig. 7. For the calulation of the CC/NC ratio in SNO we \We have investigated the influence 8f; on the sound
have used the energy resolution corresponding to a typicalpeed and the small spacing frequency differences by com-
statistics of 5000 CC events. paring the model predictions with helioseismic data using
In the case of the VO solution thed level of uncertainty  up-to-date solar models. Moreover, we discussed the change
is significantly larger than in the MSW solution ca$ég. 7).  in the allowed parameter space for SMA, LMA and VO so-
In the SMA scenario it is possible to determine an effectivelutions with varyingS;;. As shown in Sect. Il the latest
constraint or5;; from the lo-level strip of the CC/NC ratio. results from helioseismology suggest that the valuggfis
For instance, from Fig. 7 it can be inferred that a measuresjightly greater than the theoretically calculated one. How-

V. CONCLUSIONS

ment of CC/NC of=0.8 would imply ever, since the statistical significance is weak, we conclude
that the limits inferred from helioseismology and those de-
Si7= 19.0f§j8 keV b, rived from the theory are consistent. The influence of the

value ofS;; on the solar neutrino flux is too small to alter the

if the SMA solution turns out to be the solution of the solar resulting neutrino mixing parameters significantly. However,
neutrino puzzle. In the VO case the limits are not very strin-the proposed LENS detectf27] can observe in principle a
gent but they nevertheless provide independent constraintippression of th@p-neutrino flux and therefore it is rea-
on the allowed value 08,;. However, this procedure is not sonable to expect relevant differences in the signal as func-
very useful for sterile neutrinos, because no sensible variaion of the S;; value.
tion of the CC/NC ratio occurs whe$,; is varied. The present experiments GALLEX-SAGE, HM and SK

The recoil electron spectrum provides additional informa-favor neutrino oscillations as the solution to the solar neu-
tion about the type of the solutiof). In particular we have trino deficit. Improved statistics in SK and future experi-
employed a Gaussian energy resolution function of widthments such as Borexino and SNO will provide powerful
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tools to support this solution. We have calculated the extneutrino puzzle. In the case of oscillations into sterile neutri-
pected rates, electron moments, electron spectra or CC/Nfos the strength ofBe(p,y)®B does not leave any signature
ratios of the above experiments for the SMA, LMA and VO in the future experiments. However, this solution can be at
solutions provided by the present data. We expect that thieast discriminated from the oscillations into active neutrinos
combined data of the recoil electron spectra in SK, SNO andby means of the behavior of the CC/NC ratio.
Borexino enable us to discriminate among these solutions.
Since the 'Be(p, y)®B reaction has no influence on the
solar structure, it is impossible to get information about its
strength from helioseismology. Moreover, the exact value for We are grateful to S. Turck-Chie for useful discussions
S, is crucial to calculate the flux of the most energetic solarand for allowing us to use a set of the GOLF data, and to J.
neutrinos, which are measured in the SK and SNO experi€hristensen-Dalsgaard and S. Basu for providing us with the
ments. The CC/NC ratio expected in SNO is sensitive to thénverted sound speed profile derived from the GGINDI
¢,(8B) which is directly related to the strength 8f. data. We would also like to express our thanks to A. Weiss,
We conclude that the combination of SK, SNO and Bor-H. M. Antia, J. N. Bahcall and S. Degli'Innocenti for useful
exino will be useful to test the consistency of the valuS&gf  comments and advices. The work of H.S. was partially sup-
found by direct nuclear physics measurements with the conported by the “Sonderforschungbereich 375-9% Astro-
bined analysis of theoretical models and neutrino experiphysik” der Deutschen Forschungsgemeinschaft. Further-
ments as described in Sec. Il and IV. Of course, the wholenore, A.B. acknowledges the INFN, Sezione di Catania and
analysis was done under the assumption of neutrino oscilldhe MPA for financial support, and thanks the scientists at
tions (either MSW or “just so™) as a solution to the solar the MPA for their warm hospitality.
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