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Solar neutrino rates, spectrum, and its moments: An MSW analysis in the light
of Super-Kamiokande results

Srubabati Goswarhi
Saha Institute of Nuclear Physics, 1/AF Bidhannagar, Calcutta 700 064, India

Debasish Majumdar
Saha Institute of Nuclear Physics, 1/AF Bidhannagar, Calcutta 700 064, India
and Department of Physics, University of Calcutta, 92 Acharya Prafulla Chandra Road, Calcutta 700 009, India

Amitava Raychaudhui
Department of Physics, University of Calcutta, 92 Acharya Prafulla Chandra Road, Calcutta 700 009, India
(Received 28 March 2000; revised manuscript received 23 August 2000; published 28 November 2000

We reexamine Mikheyev-Smirnov-WolfensteiNMSW) solutions of the solar neutrino problem in a two
flavor scenario takinga) the results on total rates and the electron energy spectrum from the 1117-day
SuperKamiokandéSK) data andb) those on total rates from the chlorine and gallium experiments. We find
that the small mixing angléSMA) solution gives the best fit to the total rates data from the different experi-
ments. One new feature of our analysis is the use of the moments of the SK electron spectifmairabysis.

The best-fit to the moments is broadly in agreement with that obtained from a direct fit to the spectrum data,
and prefers a\m? comparable to the rates of the SMA fit, but the required mixing angle is larger. In the
combined rate and spectrum analysis, apart from varying the normalization BBtflex as a free parameter

and determining its best-fit value, we also obtain the best-fit parameters when correlations between the rates
and the spectrum data are included, and the normalization ofBhtux is held fixed at its standard solar

model (SSM) value. We observe that the correlations between the rates and spectrum data are important, and
the goodness of fit worsens when these are included. In either case, the best-fit lies in the LMA region.
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[. INTRODUCTION statistical analysis for the spectrum and the combined rate
and spectrum data, and check the consistency of the best-fit
There is now strong evidence in support of an oscillatoryvalues of the mass squared differences and the mixing angles
behavior of neutrinos. The results on atmospheric neutrinoso obtained. For the analysis of the spectrum results we ex-
from SuperKamiokandgl] find a comprehensive explana- plore the possibility of using its moments as variables for
tion in terms of oscillations, indicating a non-zero neutrinofitting the data. The main advantage of these moments is that
mass. This result and the solar neutrino problem, which haﬂ']ey probe the Shape Of the Spectrum in a manner indepen-
been held as a signal for neutrino oscillations for a long time gent of the®B flux normalization uncertainties. For the com-
have created much excitement in the community. bined analysis of the rates and the spectrum, apart from the
In this paper we examine the latest solar neutrino dat@,nqard procedure of varying tf8 flux normalization and
from SuperKamiokandg2] along with those from the radio- .o iing these two sets of data as independent, we also adopt

chemlcal chlqune and galhu_m experiments assuming tha& second method which takes into account the correlations
Mikheyev-Smirnov-Wolfenstein (MSW) resonant flavor
among the rates and the spectrum data.

conversior{3] is operative. The above experiments have pre- In addition to the best-fit values of the oscillation param-

sented the measured arrival rafd$ which, in all the cases,
are less than the predictions from the standard solar mod&Lers: we present the 99% CL. and 90% C.L. aIIovyed re-
gions and the goodness of €d.0.f) of a particular solution.

(SSM). In addition, SuperKamiokand&K) has provided the h, i
observed electron energy distributi¢g,5]. We use these B%/ g-.o.f. we mean t.he probability that .th(ez will exceed
data to test the consistency of the MSW mechanism takefymin- When presenting the allowed region we i, to
together with the SSM predictions in a two flavor scenario.2€ the value at the global minimum in that regi‘pl_ﬁor the
There are several recent MSW analyses of the SK solar nedreutrino fluxes and the neutrino production positions within
trino data[6—11]. Although the data fitting method followed th€ Sun, we use the 1998 Bahcall-Basu-Pinsonneault
in all of them is to minimize a2 function, the details of the (BBP98 solar mode[12]. We consider oscillation o to a
statistical procedure used vary among the different groups. I§€duéntial ¢, or v;) neutrino.

this work, we indicate two different ways of performing the 'S Paper is organized as follows: In the next section we
present the formulas for oscillation of neutrinos with the in-

*Email address: sruba@tnp.saha.ernet.in
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clusion of matter effects both in the sun and during their TABLE I. The ratio of the observed solar neutrino rates to the
passage through the earth. In Sec. Il we use the data on tit@rresponding BBP98 SSM predictions used in this analysis. The
total solar neutrino rates as measured at the chlorine, gafesults are from Ref§4] and[2]. For gallium, the weighted average
lium, and SuperKamiokandéd 117-day datadetectors to ob-  Of the SAGE andSALLEXresults has been used.

tain the best-fit values of the neutrino mass splitting and thé& - - i
mixing angles. In Sec. IV we consider the electron energyFXPeriment Chlorine Gallium
spectrum observed at SuperKamiokande. Using the MSW Observed rate
predictions, we obtain the best-fit values from a direct fitto——

the data as well as from a fit to the normalized moments. [FBP98 prediction 0.380.029 0.562:0.043  0.4650.015
Sec. V we use both the total rates data and the SK electron
energy spectrum data to make a combined fit. As noted ear-. -
lier, here we allow the normalization of tHi8 spectrum to gives the minimunp, energy that can encounter a resonance

: X inside the sunpg|,, being the electron density at the point of
vary and compare the results with those obtained when th . elpr T -
SSM prediction for this normalization is used, allowing the SI’OdUCtIOI’]. X is the jump probability between the mass

inclusion of correlations between the total rates and the Ob(_e|genstates and, for an exponential density profile, as is ap-

served spectrum via astrophysical uncertainties. We end iP'rommater the case in the sun, itis given 5]
Sec. VI with a summary, discussions, and conclusions.

SuperKamiokande

e exd — myr(l—cos 20)]—exd —2myg]

, (6
l-exd —2n
Il. OSCILLATION PROBABILITY H 7l
In this work we restrict ourselves to the simplest case ofVhereé yr=ycos Xisir’2¢ and
mixing between two neutrino flavors. Assuming the neutrino Am? sir220 1
mass eigenstates;;, reaching the earth to be incoherent 722 )
[13], the survival probabaility of an electron neutrino can be 4 E, cos2 |dInn,
written as dr
res
_ S pE For calculatingP5, in Eq. (2) we treat the earth as a slab of
Pee_zi PSPE, (1) O 2e g.(2

constant density (4.5 gm/cin We have verified that this is a
reasonable approximation since the location of the SK detec-
where P3; is the probability of an electron neutrino state to tor ensures that only in a rather small fraction of the time
transform into théth mass state at the solar surface &yl  does the neutrino pass through the denser core.
is the conversion probability of thith mass state to the, ~ The definition ofy? used by us in the following sections
state after traversing the earth. One can expkegsn terms 1S
of the daytime(i.e. no earth matter effecprobability P2, as

2_ th ex -2 th ex
(2Pg.—1)(sirf6—P5,) @ X % (R P (e (R F. ®

Pee= P([a)e+ )
cos 20 Here,Fé=T&/TEPP® where¢ is th (for the theoretical pre-
diction with oscillation$ or exp (for the experimental valye
and T; stands for the quantities being fitotal rates from
different experiments, electron energy spectrum for different
energy bins, etg. The error matrixo;; contains the experi-

mental errors, the theoretical errors and their correlations.

where
PD.=0.5+[0.5- O (E,— E5)X]cos28y,cos 20,  (3)

® being the Heaviside functiord is the mixing angle in

vacuum anddy, is the mixing angle in matter given by Il TOTAL RATES

Am?sin 26 @ In this section we perform an analysis of the total rates as
2 _ : measured at the various experiments. The data that we use
Am~cos 2 Z\EGFneEV for the total rates are given in Table I. In particular, we use
the 1117-day SK data. For the Ga experiments we take the
weighted average of the SAGE and GALLEX results. Be-
cause SK has better statistics we do not include the Kamio-
kande results.
) To get the best-fit values of the parameters, we minimize
Ea=Am?cos 20/2\/2Gene|, (® a2 function defined as in Eq8). For evaluating the error
matrix, oj;, we use the procedure described[l6]. Our
best-fit results for the total rates are summarized in Table II.
2This expression is not applicable for maximal mixing (cés2 These fits have 1 degree of freeddf experimental data
=0) [14], and for this case we use E(. directly. points —2 parameteps It is clear from this table that the

tan 20y =

Heren, is the ambient electron densitl,, the neutrino en-
ergy, andAm? (=m3—m?) the mass squared difference in
vacuum.
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TABLE II. The best-it values of the parameteng,;,, and the g.o.f. for fits to the total rates of the
different experiments. SMA, LMA, and LOW stand for the small mixing angle, large mixing angle and low
mass-low x? regions, respectively. The results for the earlier 825-day SK (a#r5-0.019 are also
presented for comparison.

No. of days of Nature of Am? sirfg Xenin Goodness
SK running solution in e¥ of fit

SMA 5.19<10 6 1.53x10° 2 0.30 58.38%

1117 LMA 1.42x10°° 0.22 3.52 6.06%
LOW 9.97x10°8 0.38 6.64 .997%

SMA 5.33x10°© 1.50x10°3 0.06 80.64%

825 LMA 1.40x10°° 0.23 431 3.78%
LOW 9.98x10°8 0.38 7.39 0.65%

small mixing angle solution for the sequential neutrino casepossible origin of this is that the same numerical density

gives by far the best fit to the total rates data. profile of the sun from BBP98 has been used in these analy-
It is seen from Table Il that the best-fit values obtained forses. Our results for the total rates for the 1117-day data are in

the 1117-day data are not markedly different from those obagreement with the analysis given[it9].

tained for the 825-day data. This indicates that the best-fit

points obtained from the analysis of total rates are quite ro- |, OBSERVED SPECTRUM AND ITS MOMENTS

bust and are not expected to change drastically with more

data from SK. However, the quality of fit is quite sensitive to  In addition to the total rates, SK has provided the number

these small changes: the g.o.f. has become a little poorer f@f events(normalized to the SSM predictipin 18 electron

the small mixing angléSMA) solution, while for both the recoil energy bins of width 0.5 MeV in the range 5.0 MeV to

large mixing angle(LMA) and low probability, low mass 14 MeV, and a 19th bin which covers the events in the range

(LOW) solutions, it has improved with the accumulation of 14 to 20 MeV[2]. The systematics of the first bin are still

more SK data. under study and, for our analysis, we do not use it.
In Fig. 1 we show the 99% C.L. and 90% C.L. contours in
the sirfg—An? plane for the MSW solution. There is no A. Observed spectrum

solution in the dark side (sti>0.5) from the analysis of
total rates. Note that ifil7], allowed regions were obtained
in the dark side from the total rates analysis, whil¢li6] no
allowed region was found fo#> 7/4. We agree with18]; a

In this subsection we present the results obtained by di-
rectly fitting the SK spectral data. The theoretical predictions
are calculated bin by bin and in the fitting procedure, in
addition to the neutrino mixing parameteksn? and sirfé,
we also allow the absolute normalization of @ flux, X,
to vary3 The error matrixo, j used by ugsee Eq(8)] is [8]

1073 T T T

2 _ 2 2
(G'ij)sp_ 5ij (G'i,stat+ O'i,uncorr) + O'i,expo'j,exp"' Tj calTj,cal>
9

where we have included the statistical error, the uncorrelated
i systematic errors and the energy-bin-correlated experimental
errors[20], as well as those from the calculation of the shape
of the expected spectruf21]. Since we vary the normaliza-
tion of the 8B flux we do not include its astrophysical uncer-

10~ -

—5

st T N

T rates i tainties separately.
The best-fit point from this analysis is found to be
07 7 Am?=2.29x10 %eV?, sirf§=0.009, Xp=1.4,
. 2 _ _
o ppo pr- = . X2in=9.46, 0.0.f=85.23%.

sin?9 For these values afm? and sirf9, choosingXg=1, the data
on total rates gives a bad fixyf=73.82) as the high energy

e 2
FIG. 1. The 99% and 90% C.L. allowed regions in " - 8g o itrinos get suppressed more than observed. For the

sirfe plane from the analysis of total rates for the chlorine and
gallium detectors and the 1117-day data from SK. The best-fit

points are also indicated. The dark side £8m0.5) is indicated by

the dashed line. 3Xg=1 for the SSM.
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FIG. 2. The 90% C.L. allowed region in them?-sir’é plane
from the 1117-day SK recoil electron spectrum data. The regions | . A -
enclosed by the contours are disallowed. The best-fit point is indi- 10 10 —— .
cated. The dark side is to the right of the dashed line. 015 025 035 6.9x10°° 7.6x10°
sin? @ Am? [eV]
spectrum fit this problem can be avoided by a higr1.
Since the®B flux normalization is allowed to vary, a large T T
range ofAm? and sif6, including the 6> m/4 region, re- 19 _(C) ] ]
mains allowed by the spectral data as is shown in Fig. 2.
Only the area inside the contours is disallowed at 90% C.L. A1 N 4  1eH___ =
from spectral data analysis. X
To further examine this mismatch between the fits to the LOW LOW
total rates and those to the SK spectral data, in Fig. 3 we 13 spectrum spectrum ]
present the behavior of? as obtained from the spectral
analysis if we keep the parameters?#irand Am? in the 1ol=—T1 """"1°1 10 &= .
SMA, LMA, and LOW regions of the fit to the total rates. In 031 038 = 045 270 2107
Figs. 3a), 3(b), and 3c) we show the variation of the? sin” Am? [eV7]
from the spectral data with sifl lying in the SMA, LMA, FIG. 3. The minimumy? for fits to the SK 1117 day recoil

and LOW regions, respectively. For any choseri@jve let  ejectron spectrum as a function of @fAn?) are shown ir(a), (b),
Am? vary over the corresponding range permitted by the fitand(c) [(d), (e), and(f)] when the parameter ranges are determined
to the total rates at 99% C.Lfrom Fig. 1) and plot the by the 99% C.L. allowed regions in the SMA, LMA, and LOW fits,
minimum value found. We consider two cases: & nor- respectively, to the total rates data. The sdbdoken curves are
malization is held fixed at its SSM valusolid curveg, and  obtained wherKg is held fixed at its SSM valugallowed to vary.

the 8B normalization is permitted to vargbroken curves The dash-dotted line in_dicates the 90% C.L. limit for 3 parameters.
For Figures. &l), 3(e), and 3f), the roles of sifg andAm?  See text for more details.

are interchanged. Figure 3 indicates that if we allow ¥Be
normalization to vary, then thdm? and sif¢ allowed at served electron spectrum can be useful as one such set of

99% C.L. from the total rates are allowed at 90% C.L. fromvariablgs[22,23]. In praqtice, to compare with the data, it is.
the spectral analysis convenient to standardize with respect to the SSM predic-

Figures 2 and 3 lead us to the conclusion that, at thetIons by using

present moment, the SK electron spectral data do not provide N(E;)
tight controls over the allowed parameter range. E [F =
Mo {N(Ei)}ssm (10
" 2 N(E|) ,
B. Moments of spectrum = | {N(E)}ssm

Since the absolute normalization of ti& flux is not
precisely known, it is of interest to look for variables which whereE; is the mean energy of th¢h bin andN(E;) is the
probe neutrino oscillation effects in the data in a mannenumber of events in this bin. Depending on whether the ex-
immune to this uncertainty. Normalized moments of the ob-perimental or the theoretically predicted value of the variable
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TABLE Ill. Moments of the observed electron energy spectrum  TABLE IV. The best-fit values of the parametejg,;,, and the
and their calculated errors obtained from the @K17 days data. g.o.f. for fits to the total rates measured at the Cl, Ga, and SK
detectors, along with the electron energy spectrum from(BKL7

Order of Value of Calculated error day9 when the®B flux normalization factoiXg is allowed to vary.
moment moment in moment
Nature of ~ Am? sirfg Xg  x&4n Goodness
1 10.25 0.33 solution in eV of fit
2 113.84 7.12
3 1356.59 164.34 SMA 4.81x10°% 592x10* 0.61 12.62 81.36%
4 17167.7 3616.65 LMA  1.82x10°° 0.18 1.39 10.97 89.56%
5 228876.2 75981.0 LOW 1.0x10°7 0.38 0.95 17.21 50.87%
6 3188064.0 1541763.0

A. Fits using the 8B flux normalization as a free parameter

is under consideratiomy(E;) is obtained either from experi-  For this case the definition of is

ments or from the theoretical model under test. It is clear that

these variables carry information about the shape of the neu- y?= >, (Fi'- F?Xp)(aijz)(F}h— FF*P)

trino spectrum which, if oscillations are operative, undergoes hi=13

modification from the SSM prediction due to the energy de-

pendence of the survival probability. It is obvious that the + 2, (XgR"=RF (07 ) sp(XsR]" = RT*P),
above moments are independent of the absolute normaliza- hi=118

tion of the B flux. 11

We have calculated the moments of the 1117 day data on

. where the first term on the right-hand side is from the fit to
the electron energy spectrum presented by SuperKamidy
gy sp b y P the total rates, and the second from that to the spectral data.

"‘.”‘”de[z]- These are presented jn Taple Ill. The error in theAs we allow the normalization of théB flux to vary as a
higher moments increases rapidly with the order, and th(?ree parameter, we switch off the SSM astrophysical uncer-
ones _beyond the S’.'Xth or_der are not .Of muc_h use. - tainties arising because of this component. Since it is’e

U;lng these variables in ¢’ qnaIyS|S, we find thfit fitting g, that enters the rates as well as the spectrum data in this
the ;‘lrst four moments results in the same best-fit values of,anner of fitting the data, the correlations between the rates
Am? and sirfd as those obtained using the first five or six 5nq the spectrum are absent; the error matrix is block diag-
moments. The best-fit regidris found to beAm?=6.94 onal and one can treat’,,, and Xgpectrumas independent.
X10°% eV?, sirf§=0.007-0.010, x%;,=0.0001, g.0.f There are 18= 21-3) degrees of freedom in this case. The
=99.995%. best-fit values we obtain are presented in Table IV.

The very small value of?,, for this fit should not be In Fig. 4@ we show the 99% and 90% C.L. allowed
regarded as a major success of the theory, but rather, refleatsgions for the combined analysis of total rates and the ob-
the large errors associated with the moments as obtaineskrved electron spectrum. The best-fit points in these plots
from the present data. It is gratifying that the best-fit valuesare obtained by varyin¥g in addition toAm? and sirfé.
obtained by this method are in the same broad region as
those from fitting the recoil electron energy spectrum. B. Fits including correlations between rates and spectrum via

8B flux

For this case we include the correlations between the
V. COMBINED FITS TO RATES AND SPECTRUM theory errors in the rate and the spectrum data. This comes
through the®B flux, as it enters both. Since we include the
In this section we present the results of the combined fit té8SM astrophysical uncertainties in tAB flux, the normal-
the total rates and the spectrum data. We have performed thigation factor for it is held fixed at the SSM value. Now the
global fit by the following two methods: individual x?, due to the spectrum and the rates, cannot be
(a) We treat the rates and the electron spectrum data ee&ummed independently, and the combingds defined as
independent. In this approach we vary tf@ flux normal-
ization as gfree %arameter. o xX>= 2 (F}h—fo”)(ai}z)(F}h—fo"), (12)
(b) We fix the °B flux normalization at the SSM value ij=121
(=1) and include the correlations of tH# flux uncertainty
between the rates and spectrum data. To our knowledge, thY%h

approach has not been pursued in any previous analysis. mngg?iy:j 3

ere theo;; is now a 21X21 matrix defined in the follow-

5= (o) (0 exp, (13
“The x? remains unchanged when %his varied over the indi-
cated range. where
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1073 T T T T T T T ;
(a) ! (b) i
107 - .
FIG. 4. The 99% and 90% C.L. allowed re-
, gion in the Am2-sir?g plane from an analysis of
105 - . ! the total rates from the chlorine and gallium de-
Am? [eV2] @ | i tectors and the 1117-day SK data, taken together
| | with the 1117-day SK recoil electron spectrum.
s i i The normalization of théB flux is chosen as a
LU rates + spectrum i rates + spectrum i free parameter irfa) and held fixed at the SSM
without correlations i with correlations I . .
! Xp=10 ! value in(b). In (b) the correlations between the
i | rates and spectrum data are included. The best-fit
1077 1 points are also indicated. The dark side corre-
sponds to the right of the dashed line.
10—8 1 1 1 1 1 1
104 103 1072 10-! 1 1073 1072 107! 1

sin? @ sin? @

8 VI. SUMMARY, DISCUSSIONS, AND CONCLUSIONS
2 _ 2 2
(7i)in= 5”;1 Rai (ACq) In this paper we have performed a detaijgdanalysis of
the latest SK solar neutrino data together with the results
) from the Cl and Ga experiments in terms of two-generation
+a;:l Rai Rﬁigl Ak 8pk (AINX)%, (14) MSW conversions o, to sequential ¢, ,»,) neutrinos.

’ Compared to the recent analyses in the literaf@rel 1],
and where the first term is due to the cross-section uncertaitbere are two new features in our analysis. .
ties and the second termr{,,) is due to the astrophysical Ve fit the observed electron energy spectrum data in two
uncertaintie$16]. The off-diagonal elements in the error ma- different ways, exploring for the first time, the use of mo-
trix come througho,,. R,; denotes the contribution of the Ments of the energy spectrum iny@-analysis.

8 ell

ath source to the rate of theéth experiment. a The combined fits to the total rates and spectral data are
= 5In ¢,/8nX,, wheresIn ¢, is the error in thenth com-  @lso performed in two different manners. In the first, ﬁ&
ponent of the spectrum due to the input paramaef12]. flux normalization is used as a free parameter, while in the
Fori=4...21andj=1...3, other, the SSM normalization is chosen for it, and correla-
tions between the rates and spectral data due to astrophysical
8 11 uncertainties of théB flux are included.
Ui2j= 21 Regi Ry,j kzl asgy A AINX,)2. (15 We find that the two-generation MSW scenario can ex-

plain the data on total rates well. The solution in the SMA
(small mixing angle region is preferred over the other pos-

sibilities, although the quality of the fit is poorer as compared
11 to the one obtained using the 825-day SK data.

8
2 _ 2 The best-fit from the spectrum data comes in a region
ofi= R.iRsg; akasgk (AlINX,)~. 16 . : . )
' (121 B kzl @z K (16) disallowed from the total rates. In this region tAB neutri-
nos are suppressed much more than required by the rates
Fori=4...21 andj=4...21, data. For the analysis of the spectrum, the absolute normal-

11
TABLE V. The best-fit values of the parametes,;,, and the

Uizi Z(U%)SPJF Rag; Rap k§=:1 asgi@spk (AINX)?. (17) g.o.f. for fits to the total rates measured at the Cl, Ga, and SK
detectors, along with the electron energy spectrum from(BKL7
In this case the number of degrees of freedom @ayS- Ir) this case thé’B flux is chosen as in the SSM, and the.
19 (=21-2). Thexﬁm and the best-fit values we obtain are correlat!oq ber_een the rates and the spectrum due to astrophysical
shown in Table V. We find that the fits are of poorer qualityum:erta1Intles Is included.
in this case, as compared to the previous one.

In Fig. 4b) we show the 99% and 90% C.L. allowed
regions for the combined analysis of total rates, and the ob-
served electron spectrum for MSW conversion to sequential SMA 51510 ¢ 4.8x10% 15.72 67.58%
neutrinos including the correlations between the rates and the | ma 2.23%10°° 0.25 14.53 75.19%
spectrum due to the astrophysical uncertainties ofBiélux LOW 1.00¢10°7 0.38 17.62 54.79%
normalization.

Nature of Am? sirfe X2,  Goodness
solution in eV of fit
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ization of the®B flux, Xz, has been permitted to be greater Xﬁqin= 12.73, .0.£85.21% (SMA)
than unity, thus effectively compensating for the shortfall.
We have explored the use of normalizgd moments of th%in20=0.18, Am?=2.48<1075 eV?, Xg=1.39,
observed electron energy spectrum to signal MSW resonant
flavor conversion. These variables are independent of the
absolute normalization of théB flux and probe the effectof ;2. —11 55 g.0.=90.39%(LMA)
oscillations on the spectral shape. This procedure is some-
what handicapped by the large errors on the moments calcu-
lated from the present data. However, the best-fit values osir?9=0.41, Am?=9.39x10 8 eV?, Xz=0.89,
tained by the two methods are more or less in agreement.

Similarly, for the two methods followed in the combined
x? analysis of the rates and time averaged spectrum data, thgﬁmf 19.85, g.0.f=40.34%(LOW)
best-fit values are not much different. The first approach
gives a better fit because we utilize the freedom of varying ] ] .
the 8B flux normalization. We remark that in the combined _ Thus the global best-fit continues to be in the LMA re-
analysis, where théB normalization is held fixed at the 90N .
SSM value, the correlations between the rates and the spec- N conclusion, we have probed the most recent solar neu-
trum data are found to be important and thus, one should udgno data on total rates and the observed electron energy
caution regarding results obtained treating these as indepefiP€ctrum at SK from various angles within the framework of
dent. For both methods, the best-fit from the combinedSW flavor conversion. We find good fits in some situa-
analysis falls in the LMA region. Compared to the ratestions, but a degree of uncertainty still remains since different
analysis, the goodness of fit of the LOBMA) region in- fits do not prefer t_he same values o_f the pa_rameters. Mqre
crease&lecreasas With the inclusion of the day-night de- data from the running and new experiments, it is hoped, will
pendence of the data the goodness of fit in the SMA regiofurther sharpen the results in the near future.
worsens furthef2].
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