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Resonance spin flavor precession of solar neutrinos after SNO neutral current data
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We present an analysis of the solar neutrino data assuming the deficit of solar neutrinos to originate from the
interaction of their transition magnetic moments with the solar magnetic field. We perform fits to the rates only
and global fits and consider separately the existing data prior to the announcement of the SNO neutral current
results, and the present data. Predictions for the Borexino experiment are also derived. The solar field profiles
are taken both in the radiation zone and core of the Sun, and in the convective zone. The latter are chosen so
as to exhibit a rapid increase across the bottom of the convective zone and a moderate decrease toward the
surface. Regarding the field profiles in the radiative zone and core, it is found that the data show a preference
for those cases in which a strong field rests at the solar center with a steep decrease thereafter. For these, the
quality of the global fits is as good as the one from the best oscillation solutions and the same as for the
convective zone profiles examined. It is also found thatythef the fits increases when the most recent data
are considered, owing to the smaller errors involved. This in turn provides more precise predictions for
Borexino than previous ones, thus resulting in a clearer possible distinction between magnetic moment and the
currently favored oscillation solutions.
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[. INTRODUCTION resonance located in the region where the field is the stron-
gest[10].
If neutrinos have a sizable magnetic momémt their In this paper we present an investigation of all the solar

interaction with the solar magnetic field can turn actiyg’s  neutrino data including the recent SNO results on the
produced in the core of the Sun into right handed antineutricharged current day-night effect and the neutral current,
nos of a different flavor or into sterile neutrinos, unseen inbased on the assumption that neutrinos undergo RSFP inside
terrestrial experiments. This precession can be resonantly ethe Sun. We neglect the possible contribution of flavor mix-
hanced in mattef2] with the location of the critical density ing, that is, we take the angh, to be too small to play any
being determined by the neutrino energy, in much the samgole in the solar neutrino problem. Only Majorana neutrinos
way as the resonant amplification of oscillations, theare considered, not only because these have been known for
Mikheyev-Smirnov-WolfensteitMSW) mechanisn3]. For  some time to provide better fits to solar data than Dirac ones
Majorana neutrinos only transition moments are possible anf4],! but mainly because the new SNO neutral cur(@it)
the interaction causes a simultaneous flip of spin and flavotata seem to exclude the latter if RSFP happens to be the
so that the resulting antineutrino can still be detected in neusolution.
trino electron scattering experiments, while in the Dirac case The available information on the solar magnetic field is
the final state remains undetectable. still quite limited at preser|tl1] and some authofd 2] argue

The resonance spin flavor precessiB$FB of solar neu-  that a large field in the convective zone may not be possible,
trinos has not received as much attention as oscillations, posince it would show up as an 11 year cycle in the SuperKa-
sibly due to the fact that it requires a large neutrino magnetigniokande[13] data, which is known not to be the case. In-
moment O(10'°-10 ") g, far beyond the electroweak stead they consider a large field in the lower radiative zone
standard model value. Nevertheless, several analyses existd the core where most neutrinos are produced. It remains
[4—8] which show that RSFP provides excellent fits to solarunclear, however, whether the sunspot cycle effect extends
neutrino data, in some cases better than the best oscillatiall the way down to the bottom of the convective zone.
solution, the large mixing anglkMA ) one. While the much Hence, other authofd.1,7] favor a profile exhibiting a peak
expected Kamland resulf8] are unavailable and all possi- at the bottom of the convective zone with a moderate de-
bilities remain open, it is very important to test “nonstand- crease up to the surface where it nearly vanishes. In our
ard” solar neutrino solutions, of which RSFP is the mostpresent analyses we consider profiles both in the radiative
plausible one. Furthermore, RSFP has the interesting featumne and core, and in the convective zone.
of providing a close relationship between the energy shape of Our main objective is to take a wide class of profiles in
the survival probability and the solar magnetic field profile,the solar interior, extracting from them the RSFP predictions
in the sense that the most suppressed neutrinos have thér all neutrino datd13—1§ available after the recently an-

*On leave from Govt. Degree College, Kars¢d P) India !in fact the early comparisons between Kamiokande and chlorine
171304. Email address: chauhan@cfif.ist.utl.pt data alone, with Kamiokande showing a larger signal than chlorine,
TEmail address: pulido@cfif.ist.utl.pt always favored the possibility that nan,'s were active.
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FIG. 1. Solar field profiles in the radiative zone and core. RZ2 and RZ6 are the most favored by the data.

nounced neutral current results from the SNO Collaboratiorthen select these two from the radiative zone and core and
[18] and selecting those profiles which provide the best glothe best two from the convective zone which are used to
bal fits based on a standagd analysis. For these we evalu- determine the 95% and 99% C.L. contours around the best fit
ate the 95% and 99% C.L. contours in then3,,B, plane  points. In Sec. lll we use these four contours to evaluate the
and obtain the corresponding predictions for the Borexingcorresponding Borexino predictions. Owing to the character-
experimen{19]. We also consider fits to the rates separatelyistic shape of the RSFP survival probability, with a global
Our calculation and fitting procedures are described in detaiminimum in the intermediate energy neutrino se¢fr and
in our previous papergs,6,21. since Borexino is especially aimed at these neutrinos, the
Our investigation proceeds along three main lines. In thelistinction between RSFP and oscillation scenarios will be
first of them we take the “old” data set, i.e., the existing dataquite possible with Borexinf20]. For two of the convective
prior to the announcement by the SNO Collaboration of theizone profiles such predictions were already obtained in Ref.
new charged curref€C) (reduced rate and day/night asym- [20] with the “old” data set. The comparison between the
metry) and NC result§18]. For the neutrino deuteron cross Borexino predictions obtained with the “old” and “new”
section error values we use the result from a comparisodata sets presented here shows that, while the central values
between Refd.22] and[23]. For the gallium rate we used the remain practically unchanged, the ranges become substan-
value (74.7-5.13) SNUJ[16]. In the second of these cases tially smaller, owing to the substantial decrease in the error
we include the SNO newly reported error values for the neubars. Consequently the possible distinction between the two
trino deuteron cross sections and CC reduced [tE8¢ We  scenarioSRSFP and oscillationsn Borexino will become
also use the combined data from all gallium experimentgven clearer with the present data than bef@@. In Sec.
(72.4-4.7) SNU. Thus the main feature of this second!V we draw our main conclusions. We use throughout the
analysis type is a reduction of all error bars, which necessaBP’00 value for the®B flux [24].
ily results in an increase of the? in each case. In the third
case we add the latest SNO results on CC including the day/ ll. RSFP SOLUTIONS
night asymmetry and NC18]. A. Solar field profiles

The paper is organized as follows. In Sec. Il we present o _ . .
our field profiles in the radiative zone and core, and in the We present in this subsection the solar field profiles used

convective zone. We consider seven profiles in the radiativéo obtain the rate and global fits. We start with the core and
zone and core. As for the convective zone we take thregadiation zone onetsee also Fig. 1

profiles previously investigated in Rgf] and one in Ref. Profile RZ1:

[21]. We perform fits to the rates only and global fits in each 2

of the three cases, selecting for the global fits in the radiation B=BO{1—(X XC) } IX|<x., X.=0.16, (1)
zone and core those two that provide the best rate fits. We Xc
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FIG. 2. Solar field profiles in the convective zone. These are selected from previous [fgp&rsvhere they were found to lead to the
best fits in the light of the existing data at the time.

B= cosh8(x—x.)]’

m
In all casesx is the fraction of the solar radiusx(

X
X< |X| <Xpp. (2 B—Bo(l—x), IX|<Xn. (10)

Profile RZ2: =r/Rg) andx,,=0.713, the bottom of the convective zone.
X All RZ profiles, defined forx=0, are taken to vanish for
B=B, exp( — 018) [X|<Xp-. (3  |x|=x,. For the convective zone, we take the following
: profiles (see also Fig. 2
Profile RZ3: Profile CZ1:
X |2 B=0, x=xgr, xr=0.71, (11
B=By|1— - | IX|<Xpm- (4)
" x—0.7\2
Profile RZ4: B=Bg1— 03 , X=Xg. (12
X i
B_BO(X)’ Ix|<x;, x.=0.356, (5) Profile CZ2:
C/
e B=2.16x10°, x=<0.7105, (13
B=By 1— ¢ s XS X =< Xy,. 6
O{ e © x—0.75|2
B=B,1-|—=—| |, 0.7105<x<0.7483, (14
Profile RZ5: 0.04
B=By, [X|=x;, x,=0.188, (7) B=1.1498,1—-3.4412x—0.7)], 0.7483<x<1.
(15
B=Bgexp(—X), X.<|X|<Xn. (8)
. Profile CZ3:
Profile RZ6:
B, B=0, Xx=Xr, Xg=0.65, (16)
= 7cosh6x)|x|<xm. (9) e
B=B , XRSX=<Xc, Xc=0.713, 1
Profile RZ7: O%c—xg" R e 17
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TABLE |. Data from the solar neutrino experiments. Units are SNU for Homestake and gallium and
10° cm 2 s~ ! for SuperKamiokande and SNO. See the main text for details.

Experiment Data Theory Data/Theory
Homestake 2.560.16x0.15 7.7+13 0.332-0.05
Ga 74.7:5.13 129+8 0.58+0.08

Ga (combined 72.4+-4.7 129¢2 0.56+0.07
SuperKamiokande 2.320.085 5.05+ 39 0.459+0.005+ 3915
SNO CC(June 2001 1.75+0.07+ 913+ 0.05 5.05 39 0.347+0.029
SNO CC(April 2002) 1.76+0.05+0.09 5.05+ 39 0.349+0.020

SNO CC @ASS, . April 2002)

0.14+0.063+591% 0 0

10 eV?<Am3,<5X10 ° eV?,
profiles and

SNO NC 5.0% 0.44+0.45 5.05+59 1.01+0.13
2Xx10*—B, (c) Six rates: Chlorine, SuperKamiokande, Geom-
B=Bo+(X=Xc)ggg7oy. + Xc=X<0.957, (18  bined, SNO CC(new total reduced rates, SNO CC day/
' c night asymmetry ASY,), and NC total reduced rate. All er-
300— 2% 10° rors are as in casg).
B=2.10“+(x—0.955m, 0.95%&=x=<1. In all caseda),(b),(c) the free parameters in the analysis
' (19 are the mass square difference between neutrino flavors
Am%1 and the peak field valu8,. The typical ranges to
Profile Cz4: be investigated are
0.1X10° G=By=<2x10° G for RZ
B=2.16<1¢°, x=<0.7105, (20 07x10°® eVP=AmZ=3x10® eV?, 0.1x1F° G=B,
«— 0,752 <1.5x10° G for CZ ones. With these choices the number of
B=Bl[1—(W'4§) } 0.7105<x<0.7483, (21)
' TABLE II. Rate fits for solar magnetic field profiles in the ra-
B diative zone[Egs. (1)—(10)]. For each profile the values (zh‘mgl
B= ° 0.7483=x<1. B.=0.998.. andB, are given at the best fit together with the correspongifig
cosh 30x—0.7483" ne (212) and goodness of fitGOP for analysis case&), (b), and(c), re-

spectively, described in the main text. The valuesyff, corre-
spond to 2 DOHcasesa),(b)] and 4 DOF[case(c)]. See the text

Profiles CZ1, CZ2, and CZ4 are, respectively, profiles 4, 0.0 details.

7, and 6 of Ref[5] and profile CZ3 is profile 4 of Ref21].

Also profiles CZ3 and CZ4 were investigated in R&0] as
[l and 1l and their Borexino predictions were then derived

on the basis of the pre-SNO NC data.

B. Rate fits

The data on rates are summarized in Table | and the RSI$Z2
best rate fits for all 11 profiles are presented in Tables Il and
[ll. All fits including global ones(Sec. 11Q were obtained
for the three analysis viewpoints mentioned in the Introduc-
tion. Thus we consider the following separately.

(a) Four rates: Chlorine, SuperKamiokande, Ga, and SNO
CC total reduced rates. The CC total reduced rate from SN&Z4
and its error were taken from their first data announced in
June 2001 while the errors for the neutrino deuteron cross
sections were taken from a comparison between KuboderafZ5
tables[22] and the Paris potential resulta3].

(b) Four rates: Chlorine, SuperKamiokande, G@mm-
bined, and SNO CQOnew total reduced rates. The CC total RZ6
rate from SNO and its error as well as the deuteron cross
section errors were taken from their data announced in April
2002. These are all substantially smaller than in case
resulting in an increase of the? at the minima and, conse-
guently, in a smaller spread for the Borexino predictisee

Profile Am3, (eV?) Bo(G) Xlaes GOF
RZ1 (@ 2.87x10% 6.79x10° 3.56 16.9
() 2.86x10°°%  7.05x10° 5.85 5.4
(0 2.86x10°%  6.86<10° 10.7 3.1
(@  2.61x10°%  17.2<10° 1.47 48.0
() 255x10°°%  17.4x10° 1.65 43.8
(0 257x10°%  17.2<10° 6.44 16.9
Rz3 (@ 6.85<10°° 2.8x10° 8.09 1.7
(b) 6.85x10° %  2.73x10° 11.1 0.4
(0 6.85<10°%  2.95x10° 14.3 0.63
(@ 5.49<107 2.21x10° 9.81 0.6
()  5.54x107  2.27x10° 12.4 0.2
() 5.49<1077  2.18<10° 18.7 0.1
(@  4.35<10°%  2.61x10° 1.61 44.7
()  4.43x10°°% 257x10° 3.00 22.3
(0  4.04<10°®  2.56x<10° 8.65 7.0
(@ 2.64<10°%  10.5x10° 1.64 44.1
(b) 2.60x10°°  10.7x10° 1.97 37.3
(0 264<10°% 10.4x10° 6.81 14.6
RZz7 (@  7.36x10°7  4.01x10° 7.29 2.6
()  7.23x10°7  4.09x10° 7.68 2.2
(c  7.78<10°7  3.92x10° 13.7 0.9

Sec. lll), owing to the increased steepness of e
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TABLE Ill. Same as Table Il for the solar magnetic field profiles ~ TABLE IV. Global fits for solar magnetic field profiles in the
in the convective zongEgs. (11)—(22)]. The number of DOF is 2 radiative zongEgs. (1)—(10)]. The number of DOF is 39cases

[caseda),(b)] and 4[case(c)]. (a),(b)] and 41[case(c)].

Profile AmZ, (eV?) Bo(G) Xlaes  GOF Profile Am3, (eV?) Bo(G) Xjiobal  GOF

cz1 (@ 1.27x10°8 9.7x 10 0.95 62.2 RZ2 (@ 2.61x10°% 16.3x10° 35.0 65.1
(b) 1.15x10°8 9.7x 10 1.17 55.7 ()  2.54x10°°%  16.3x10° 35.0 65.1
(0 1.16x10°%  9.68x10* 5.87 20.9 () 2.54x10°°%  16.7x10° 40.0 51.4

Cz2 @ 1.18x10°8  12.6x10° 1.17 55.7 RZ6 (@ 2.66x10°% 9.97x10° 35.0 65.5
() 1.09x10°% 12.6x10* 1.38 50.0 () 259107  9.99x10° 35.0 65.4
) 1.09x10°8  12.6x10 6.05 19.5 () 254x10°® 10.2x10° 40.1 51.2

CZ3 (@  1.42x10°8 9.8x 10° 1.34 51.2

(b 1.36x10°%  10.0x10 2.14 34.3

(© 137x10° 9.92x10°  6.80 14.7 that the data clearly show no preference for a magnetic field
Cz4 (@ 145<10°%  10.9x10"  1.72 42.3 in either the radiative or the convective zone. It is also note-

(b)  1.43x10°%  11.2x10° 261 27.1 worthy that RZ profilegTable Il) with the strongest field at

(0 1.43x10% 11.2¢x10 7.39 11.7 the center of the Sun and a rapid decrease away from the
center are clearly favoreRZ2,RZ6. The next best is RZ5
which clearly exhibits the same feature. We will select the

degrees of freedortDOF) is 2 in caseda) and(b) and 4 in  pest two(RZ2,RZ6 to perform the global fits described in
case(c). For profiles RZ1-RZ7, in which case the magneticthe next subsection.

field extends over the neutrino production zone, we take for
the survival probability the well known formula

C. Global fits

P—1+
T2

%— Pc)cos 20; cos 26, (23 We selected from all seven profiles in the radiative zone
(RZ1-RZ7 those two which provide the best rate fits and
obtained the corresponding global fits. These are RZ2 and
RZ6 (see Tables IV and W Global fits were performed for
all four convective zone profiles. The global fit analysis fol-
2,282 lows viewpoints(a), (b), and(c) described in Sec. Il B with
Pc=exp( o s O.OQRS) (24) the addition of the SuperKamiokande day/night spectrum for
Am3,/2E 1258 dayq13] (19 day+19 night energy binsand the ex-
clusion of the total SuperKamiokande rate. This exclusion
and which we integrate over the production regions and enavoids redundant information already present in the spectral
ergy ranges for each solar neutrino flux. In using this procebins and is common to most recent analyses. With these
dure, which avoids the numerical integration of the neutrinochoices the number of DOF is now, in each ca@,(b)
evolution equations for each production bin, care must bé rates-38 spectral bins2 parameters39 DOF and(c) 5
taken to account for those situations in which neutrinos argatest38 spectral bins2 parameters=41 DOF.
produced after the resonance, or the solar density is not large
enough to ensure the existence of a resonance, and finally 10 TAgLE v. Global fits for solar magnetic field profiles in the
account for the neutrinos that are produced in the far side ofonvective zongEgs.(11)—(22)]. The number of DOF is 3fcases
the Sun. The production region and energy spectra wergy) (b)] and 41[case(c)].
taken from[25].

with the jump probabilityP. given by the Landau-Zener
approximation

For the convective zone profiles CZ1-CZ4 the survivalprofile Am3; (eV?) Bo(G) Xaiobai  GOF
probabilities were obtained through the integration of the
evolution equations as described in our previous waijk ~ C41 (@ 125¢10°° 954<10° 357 619

The results of the “rates only” analysis are shown in ()  114x10°°  9.54<10' 357 621
Tables Il for the radiative zone and Il for the convective (0 111x10°° 9.60x10' 407 484
zone profiles. Generically, it is seen that the quality of the fitsCZ2 (& 131x10° 11.0x10" 361  60.1
depends crucially on which data set is used. From cé@es (b) 122<10°° 11.0x10° 361  60.4
to (c) the x? of the fits increases because the uncertainties (© 121x10°® 11.1x10' 411 46.6
improve in caséb) relative to(a) and because in cage) the  CZ3 (@ 1.25x10°%  9.54x10* 35.7 62.0
2.10 day/night asymmetry of the CC event rate is taken into (b) 1.39x10°% 9.67x10* 35.4 63.6
account. This confronts the RSFP prediction of zero asym- (¢ 1.38x10°®  9.80x10* 40.3 50.0
metry. A comparison between RZ and CZ profiles shows thatz4 (@ 1.38<10°%  10.4x10* 355 63.1
the “best” RZ profiles produce fits of the same approximate (b) 1.38x10°8  10.5x<10* 35.6 62.7
quality as the CZ profiles. The latter were chosen to be the (© 1.40x 108 10.8x 104 40.7 48.4

“best” from our previous experienckb,21]. Hence it is seen
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FIG. 3. The 95% and 99% C.L. contoutlor 2 DOF Ax?=5.99 and 9.21, respectivéharound the best global fits with analysis
procedur€c) for profiles RZ2,RZ6 in the radiative zone and core and CZ3,CZ4 in the convective zone of the Sun. The best fit points are also
shown. These correspond 8= 40.0 (profile RZ2), x?>=40.1 (profile RZ8, x?>=40.3(profile CZ3, x>=40.7 (profile CZ4 with 41 DOF.

See also Tables IV and V.

The global fits obtained for the selected profiles in the Finally we choose the two radiative zone and the two
radiative zone and core are shown in Table IV and those foconvective zone profiles providing the best global fits in case
the convecti_ve zone in Table V. It is seen that the_ quality of(c) to evaluate the 95% C.L. (1.8§ and 99% C.L. (2.58)
the global fits is the same for the best two profiles in theg)owed regions in the\mgl,Bo plane. These global fits are

rad|at|vg zone(RZ2,RZ6 on one hand and all chosen four 2(c).6(c) in Table IV and %c),4(c) in Table V and the con-
convective zone ones on the otl{#rese were chosen as the

best from our previous experiencall six exhibit aXSIobal tou-rs of the allowed regions are shpwn in 2Flg. 3. Tgey are
roughly equal to or slightly smaller than the number of DOF.denmgd as the set of points Sft'Sfy'Wé(Amﬂ'BO)_Xmin
As in the case of the analysis of rates only, the radiative zon& Ax“(C.L.,2 DOF) with Ay“(C.L.,2 DOF)=5.99 and
profiles that seem favored by the data are those for which th8.21 for 95% C.L. and 99% C.L., respectively. They will be
field is the strongest at the solar center with an almost imused to evaluate the predictions for the Borexino experiment
mediate rapid decrease away from the center. Hence the fa the next section.
vored magnetic field profiles appear to satisfy a dipole struc-
ture centered in the solar center. Their shape also much |, prEDICTIONS FOR BOREXINO EXPERIMENT
resembles the solar matter density shape.

For the best profile in the radiative zoRZ2) and the

best one in the convective zo€Z3) we show in the fol- ! i .
lowing the predictions at the best global fits for the experi-TaY Provide of the LMA solution, thus excluding RSFP as

mentally measured quantities in cases (all new data. the dominant process for the solar neutrino deficit, no experi-
These are global fits(8) in Table IV and 3c) in Table V ment other than Borexino is able to provide a positive dis-

which the reader can compare with the data given in Table tinction between oscillation solutions and RSFP. Hence it is
essential to investigate the “best” RSFP predictions for Bor-

Except for the possible direct evidence that Kamlga

Profile RZZ,xé|=40.01(41 DOF); exino. We chose the “best” two profiles in the radiative zone
Rga="72.5 SNU, Rg=2.64 SNU, Rgngcc=0.354; (RZ2,RZ86 and in the convective zon€z3,CZ4 and evalu-
AS=0, Rsnanc/Renocc=0.968; ated Borexino predictions at their best global fit&) B(c)
Profile CZ3:XS|=40-34 (41 DOF); (Table IV) and 3c),4(c) (Table V). We also give in each case
Rga="72.5 SNU, R¢=2.45 SNU, Rgnocc=0.364; the upper and lower 95% and 99% C.L.’s around the central
ASH=0, RSNQNC/Rg[NQCC:o-968- values. These predictions, given as ratios between RSFP

event rates and standard event rates, and their confidence
All predictions are well within Ir of the measured data, ranges are shown in Table VI. The analysis procedure, case
except for theAg,CN asymmetry whose RSFP prediction is (c) described in Sec. IIC, involves all currently available
strictly zero. solar neutrino data and best estimates for the errors.
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TABLE VI. Predicted reduced event ratéstes assuming RSFP divided by the standard solar model
prediction$ for Borexino using all “new” datg case(c)].

Profile Best fit min(95% C.L) max (95% C.L) min (99% C.L) max (99% C.L)
RZz2 0.46 0.40 0.54 0.40 0.56
RZ6 0.44 0.38 0.52 0.37 0.54
Cz3 0.34 0.32 0.45 0.30 0.50
Cz4 0.39 0.30 0.54 0.29 0.57

Borexino predictions from RSFP were evaluated earlieperiments will also be unable to tell the difference, in par-
[20] for profiles CZ3,CZ4(profiles lIl,lI, respectively, in ticular if only time averaged data are considef2d]. Such a
Ref.[20]) with the available data as of December 2001. They‘negative” situation is, however, counterbalanced by the ma-
were 0.35 J32and 0.41- 343 respectively, for the 99% C.L. jor difference in the above mentioned survival probability
Comparing these with Table VI it is seen that, while theshapes in the intermediate energy neutrino sector, mainly Be,
central values hardly change, exhibiting a slight tendency foat which the Borexino experiment is directly aimed. Hence
a decrease£4%), thesmaller errors from the neutrino deu- the importance of Borexino predictions which we also inves-
teron cross sections and from the SNO and Ga rates lead totgated. Such predictions were performed previougg]
sizable reduction of the C.L. intervals. Such a reduction isyng they showed a clear distinction between the two sce-
also observed in the oscillation predictiof6]. For RSFP  narios which, on the basis of the new data, has become
this is mainly reflected in a decrease of the 95% and 99%qtter2
C.L. upper limits, leading to the possibility of an even clearer Altogether, radiative zone and core field profiles on one

distinction between RSFP and oscillation signatures in the . -0 1 active zone ones on the other are equally fa-
Borexino experiment with the new data. In fact for the LMA vored by the data with fits of the same quality as the best

solution such a distinction is possible to more thans5t@r oscillation solution, the LMA ond26]. For profiles in the

all four profiles examined, whereas for the low probability, radiative zone and core the data clearly prefer a strong field
low mass(LOW) solution all predictions are more than 4.5 ) 1y p 9
at the center of the Sun with a rapid decrease thereafter.

away (see Table 2 of Ref.26] and our Table V). The only . h this sh ¢ brofiles foll dinol
possible model dependence of RSFP predictions is containdfterestingly enough this shape of profiles follows a dipole
structure centered at the solar center and closely resembles

in the choice of the magnetic field profile, but this choice is

severely constrained by the requirement of fitting all solathe density profile of the Sun. _
data. Specific time signatures of the RSFP mechanism may be

related to the possible nonaxially symmetric character of the
solar field or the inclination of the Earth’s orbit. In the first
case a time dependence would appear as a variation of the
Our main conclusions can be summarized in Tables I\Vevent rate with a period of 28 days, while in the second the
and V[cases labeledc)], Fig. 3, and Table VI. possible polar angle dependence of the solar field would
The objective of this paper is to present a statistical analycause a seasonal variation of the rate. Averaging rates over
sis of all available solar neutrino data in the ||ght of thet|me erases all time dependent information that may be con-
RSFP solution to the solar neutrino problem, after the recengined in the data. In fact a statistical analysis on the gallium
presentation of the SNO neutral current results. In addition t(aata performed by the Stanford gro@?] ShOWS the exis_
global fits and since these give, through the large number agnce of two peaks in the event rates, which, while not pro-
spectral bins involved, a great significance to one single exyiding conclusive evidence for RSFP, cannot be explained on
periment, we also performed a separate analysis of ratefe grounds of oscillations. It will be very important to inde-
only. Since the localization of the strongest solar field is stillpendenuy repeat such analyses and to analyze the data in

unclear, we considered solar magnetic field profiles both ifime bins in the future, especially if Kamland shows a nega-
the radiative zone and core, and in the convective zone of thgye result.

Sun.

The RSFP solutions do not predict any day/night effect,
nor do they imply any dependence of observable solar neu- ACKNOWLEDGMENTS
trino flux which follows the sunspot activity. Also on the
basis of the chlorine, SuperKamiokande, and SNO experi- We acknowledge useful discussions with Evgeni Akhme-
ments it will be very hard to exclude RSFP solutions if thedov and Andrede Gouve and correspondence with C. aen
day/night asymmetries in SuperKamiokande and SNO reGaray. B.C.C. was supported by Funaagara a Ciacia e
main consistent with zero. This difficulty is related to the factTecnologia through award ref. SFRH/BPD/5719/2001.
that in the relevant solar neutrino energy ranges for these
experiments, the survival probability shape looks much the————
same for both RSFP5] and the preferred oscillation solu-  ?There is a caveat here, however, due to the intrinsic error of the
tions, LMA and LOW([26]. On the other hand, gallium ex- Borexino experimenf28].

IV. SUMMARY AND CONCLUSIONS
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