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Abstract

We investigate the implications of the SNO charged-current (CC) and electron scattering (ES) measurement8Bf solar
neutrino fluxes for neutrino mass and mixing parameters by performing a global and u(r%ﬁmhlysis of the solar neutrino
data in the framework of two neutrino mixing. We consider bathvgctive and ve—vsierile SOlUtions and perform (i) analysis
of the total rates data of Cl, Ga, SK and SNO experiments and (ii) global analysis including the total rates data, the recoil
electron spectrum data of SK and the CC spectrum observed at SNO. Rerthgiive case the inclusion of the SNO results
in the analysis of the total rates reduces (enhances) the goodness-of-fit (GOF) of the SMA (LMA) solution. The flat spectrum
observed at SK further favours the LMA solution over the SMA solution and no allowed area is obtained in the SMA region at
3o level from the global analysis. For the—vgieriie Case, with the inclusion of the SNO results, all the solutions are disfavoured
with a probability of more than 99% from the total rates analysis while for the global analysis the GOF of these become much
worse.
0 2001 Published by Elsevier Science BOgen access under CC BY license

The Sudbury Neutrino Observatory (SNO) has de- reaction
clared its first results [1] on the measurement of solar
8B neutrinos through the CC detection process vie—vte, (@)
as
ve+d—>p+p+e, (2)
‘ ®ENO =239+ 0.34(stay ) 15(sys)x 10° em2s7L.

The reaction (2) is sensitive to bothandv,, or v, and

the measured flux is in agreement with that observed

Cb(s:;go: 175+ 0.07(sta1f8ﬁ(sys)x 10° em 2571, by the Supngamiokande (SK) detector [3,4] via the
' same reaction

in the heavy water (BO) of SNO. This reaction is
sensitive to only, and the observen, flux is

whereas the expectation from the standard solar model ¢, 1008 1P o251
(SSM) of [2] is 505 x 10° cm~2s~L. SNO also gives ~ PEs = 2:32+0.03(staj g7 x 10° cm™s™~.
the 8B flux measured by the electron scattering (ES) These new generation high statistics experiments thus
confirm the solar neutrino deficit observed in the
pioneering CI experiment [5] and subsequently in
. Kamiokande [6] and the low threshold Ga experiments
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Table 1 trum observed at SK has been responsible in creating a
The ratio of the observed solar neutrino rates to the corresponding vast change in the allowed oscillation regions and their
BPBOO SSM predictions used in this analysis goodness of fit (GOF) as compared to those obtained
Experiment Shavd Composition from analysis of total rates only [12-19]. The best-fit
cl 0.335+ 0.029 B (75%), Be (15%) to the data on total rates in Cl, Ga and Kamiokande
and/or SuperKamiokande experiments was coming in
ca 0584+£0.039  pp (55%). Be (25%). B (10%) the MSW EZO] small-mixing—aﬂgle (SMA) region. Bugt
SK 0.459+0.017 B (100%) with the flat electron energy spectrum observed in SK
(0.351+0.017) the best-fit in the global analysis of rates and spec-
SNO (CC) 0.347 0.027 B (100%) trum data shifted to the Iarge-mixing—angle (LMA) re-
SNOES) 0473 0.074 B (100%) gion. The fit in the LOW region (lowAm? ~ 10~ "—

108 eV?), where earth matter effect regenerates the
(0-368+ 0.074) low energy neutrinos also became good. From the total
rates data vacuum oscillation (VO) of neutrinos were
presence of &, and/orv, component in the solar  ajlowed with best-fitam? ~ 8.5 x 10~ eV2. Butin
neutrino flux at 3.3 level. The total®B neutrino  the global analysis with the SK electron spectrum data
flux derived from a comparison ob° and the  this became largely disfavoured as the energy depen-
SK observed fluxdZK is found to be 54+ 0.99 x dence of the survival probability in this region picked
10° cm 2s- 1 which is in excellent agreement with the  up conflict with the flat electron recoil energy spec-
SSM predictions [2]. trum. Recent analysis by SK [21] and other groups
In Table 1 we show the latest results for the total [17,19] do find good fits in vacuum oscillation region
rates measured in Cl [5], Ga [7], SK (1258 days) [4] for Am? ~ 4-5x 1010 eV2 where the energy aver-
and SNO (CC and ES) experiments with respect to aging over the bins smears out the energy dependence
(w.r.t.) the SSM fluxes of BPBOO [2]. The numbers in of the probability and the flat spectrum observed in SK
the parentheses for SK and SNO (ES) are when the can be accounted for. However the allowed regions are
v, Or vy contributions are subtracted. We also show very tiny around theAm? values in the vacuum oscil-
the composition of the major fluxes in each of these lation region as well as somewhat fragile depending
experiments. For the Ga rates we give the weighted on the method of data fitting followed [17] unlike the
average of SAGE, GALLEX and GNO. Apart from MSW allowed regions which are quite robust against
the total rates SNO also gives the CC spectrum of the these changes. Apart from these pure MSW and pure
8B neutrinos and they do not report any significant vacuum regions, a grey zonéf2 ~ 5 x 10~10-
distortion with energy. SK has published the data on 10~° eV?) called the quasi-vacuum-oscillation (QVO)
the recoil electron energy spectrum in separate day regime is allowed. For this area of the parameter space
and night bins and also the zenith angle distribution both matter effects inside the sun and the effects due to
of events [8,9]. They do not find any significant coherent oscillation phases are important. Thus there
variation of the data with energy and although there is a continuity in the allowed parameter regions and
is a slight excess of the number of events observed in the older practice of separate analysis of the data in
the night-time when the neutrinos are passing through vacuum and MSW regions were replaced by what is
the earth’s matter, the effect is only at 4.3 called unified analysis which uses a general expres-
Various particle physics solutions assuming non- sion for probability valid in the whole mass range
standard neutrino properties have been considered t010-12-10-2 eV, The cutoff in theAm? from above is
account for the deficit[10,11]. The simplest possibility due to the constraint from the CHOOZ reactor experi-
is two flavor neutrino oscillation which requires to ment [22]. Another new aspect was the appearance of
mix with some other flavor of neutrino. But even in the dark zones#(> n/4) [23]. In the background of
this scenario there are several disconnected allowedthis picture emerging out from detailed analysis of the
regions in the mass-squared difference—mixing an- available solar neutrino data several studies had been
gle parameter space consistent with the global solar made on the expectations and implications of the SNO
neutrino data. The flat recoil electron energy spec- results[17,24—-27]. Now work has started to find the al-
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lowed values of mass squared differences and mixing The expression for, survival probability according

parameters by actually incorporating the SNO results
in the oscillation analysis [28-30].
In this Letter we investigate the significance of the

to an unified formalism over the mass range 1%
10-3 eV? and for the mixing angle in the range
[0,7/2] is well documented [23,35,36] and can be

SNO results for neutrino mass and mixing parameters expressed as

by including these in thec2-analysis of the global
solar neutrino data on total rates in Cl, Ga and SK
experiments and the SK day-night recoil electron
spectrum. The definition of2 used by us is,

12 = (R = FP) (o) (F)" = F7°9).
LJ

wherei, j runs over the experimental data points. Here
F® = T®/TBPBO wherew is th (for the theoretical
prediction) or exp (for the experimental value) and
T; is the total rate in theéth experiment. We first do
an analysis with the total rates given in Table 1. The
error matrixo;; contains the experimental errors, the
theoretical errors and their correlations. For evaluating
the error matrix for the total rates case we use the
procedure described in [31]. The details of the code
used by us can be found in [11,15,16]. For the rate of
v.—d CC events recorded in the SNO detector we use

JAEy hy, (Ev)occ(Ev) (Pee)
JAEy by, (Ev)occ(Ey)

©)

Rcc= (4)
dal)ed(ETv E,)
dET ’

(5)
where 1, is the normalizePB neutrino spectrum,
(P,.) is the time averaged, survival probability,
do,,q/dET is the differential cross section of the—

d interaction, E1 is the true andEa the apparent
(measured) total energy of the recoil electralig,, is

the detector threshold energy which we take ag36-

m.) MeV, wherem, is the rest mass of the electron
and R(Ep, ET) is the energy resolution function for
which we use the expression in [1]. One of the major

o
occ= / dEA/dETR(EA,ET)
EAth 0

Poe = Po Py + (1 — Po)(1— Pg)
+2y/Po(1— Pg) Po(1— Pg) COSE, (6)

where P, denotes the probability of conversion of

to one of the mass eigenstates in the sun Bpdjives

the conversion probability of the mass eigenstate back
to the v, state in the earth. All the phases involved
in the Sun, vacuum and inside Earth are included
in £. This most general expression reduces to the well
known MSW (the phasg is large and averages out)
and vacuum oscillation limit (matter effects are absent
and the phasg is important) for appropriate values of
Am?/E. The procedure which we use for calculating
Pg and P in MSW, vacuum as well as the in-between
quasi-vacuum (QVO) regions where bgtlnd matter
effects are relevant is discussed in [19].

The results for the analysis of total rates figr
vactive OSCillations are presented in Table 2 for both
pre-SNO and post-SNO cases. As far as the pre-
SNO total rates are concerned both SMA and vacuum
oscillation give good fits with the best-fit coming in
the SMA region. For post-SNO the best-fit comes in
the VO region. However the noticeable thing is that
with the inclusion of the SNO data the GOF of both
SMA and VO becomes worse and that in the LMA
region becomes better. Prior to SNO, at the best-fit
point obtained in the SMA region, the observed Cl and
Ga rates were described very well but the predicted
SK rate was higher. With the introduction of SNO
CC rate, the best-fit shifts towards high&m? and
higher taf 6, which corresponds to a lower survival
probability for the®B neutrinos thus lowering the SK
and SNO rate. But this also lowers the Cl rate and the

uncertainties in the SNO CC measurement stems from over all x 2 becomes high.

the uncertainty in the,—d cross-section. We use the

cross-sections from [32] which are in agreement with
[33]. Both calculations give an uncertainty of 3%

which is also the value quoted in [#].

2 It was recently pointed out in [34] that the calculation of both
[32] and [33] underestimate the total-d cross-section by 6%. We
have not included this effect in our calculation.

In the LMA region the survival probabilities of the

high energy neutrinos are given as [37]
1

PeLeMA ~ E(1 —€) + freg (7

wheree = cos? and freg= P2 — Si?6, Py, being

the probability ofv, — v, conversion inside the Earth.
Since the observations of three of the experiments
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Table 2
The best-fit values of the parametexﬁ\in, and the goodness of fit from an analysis of the total rates given in Tablevl-fof:tive
Nature of solution Am? (eV2) tar? 6 X2in Goodness of fit (%)
SMA 5.96x 106 1.39x 1073 0.30 5839
pre-SNO LMA 2.40x 1075 0.31 291 880
(Cl + Ga+ SK) LOW-QVO 134x 1077 0.64 7.49 062
VO 8.79x 10 11 0.43 032 5716
Just S8 5.40x 10712 1.00 1286 336 x 1072
SMA 7.71x 1078 144x 1073 5.44 659
post-SNO LMA 2.59x 107> 0.34 340 1827
(Cl+Ga+ SK LOW-QVO 1.46 x 107 0.67 834 155
+SNO CC) VO 7.73x 10711 0.27 249 2879
Just S8 5.38x 1012 1.29 1926 657 x 103
post-SNO SMA 7.71x 1076 1.44x 1073 5.44 1423
(Cl+Ga+ SK LMA 2.32x107° 0.33 347 3247
+SNO CC LOW-QVO 1.14x 1077 0.81 924 263
+SNO ES) VO 7.74x 10711 0.27 292 4041
Just S8 5.38x 1012 1.27 1942 224x 1072

(Cl, SK and SNO) which are mainly sensitive 8

including the SNO ES rate in addition to the SNO

neutrinos are now close, they can be well described CC rate. The inclusion of the SNO ES rate in the

through a single Eqg. (7) and the GOF of the LMA

analysis improves the overall quality of the fits for all

solution becomes better. For low energies relevant for the solutions but it still has large statistical error and

Ga the matter effects are weak and

8)

which gives a greater probability as compared to
Eq. (7) for the same and the Ga rate of Table 1 is
accounted for. There is no significant improvement for
the LOW solution for which the probability is given
by Eg. (8) for all energies. In Table 2 we also give
the GOF of the Just $osolution [38]. In this region
one gets a very small survival probability for the
"Be neutrinos while for th€B neutrinos the survival
probability is close to 1.0. (See Fig. 5 of [17].) Since
this scenario does not give any suppression ofthe
flux it gets disfavoured with a probability of more
than 99% by our total rates analysis with & flux
normalization fixed at the BPBOO SSM value. We have
also displayed in Table 2 the results of tp&analysis

1
PLVA ~ S(1+€2),

does not make any significant difference between the
relative fit of various solutions.

In Figs. 1 and 2 we plot the allowed regions for
pre-SNO and post-SNO (excluding ES scattering),
respectively, at 90%x?2 < x2,, + 4.61), 95% (2 <
x2in +5.99), 99% (2 < x2,, + 9.21) and 99.73%
C.L. (x2 < x3,+ 1183) from an analysis of total
rates. Since the GOF of the SMA solution becomes
worse with the inclusion of the SNO CC rate the SMA
region reduces in size in Fig. 2. Also it shifts towards
higher values of t&#9. On the other hand the allowed
area in the LMA region becomes slightly bigger in
the post-SNO case as the GOF in the LMA region
improves. In the LOW region we get allowed areas at
95% C.L. for the post-SNO case.

In Table 3 we present the best-fit values of parame-
ters, x2,, and the GOF of the solutions for the—
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Fig. 1. The pre-SNO 90%, 95%, 99% and 99.73% C.L. allowed Fig. 2. The post-SNO 90%, 95%, 99% and 99.73% C.L. allowed
area from the fit to the data on total rates from the Cl, Ga and area from the fit to the data including the SNO CC rate along with
SK experiments assuming two-generation oscillations to active the total rates from the Cl, Ga, SK experiments for two-generation
neutrino. oscillations to active neutrino.

vsterile SOlution from an analysis of total rates. The SK is not independent of the spectrum we vary the
GOF in the SMA region goes down from 16.04% (pre- normalization of the spectrum as a free parameter.
SNO) to 0.03% after including the SNO CC rate. Since Similarly for SNO CC spectrum we introduce a free
the observed SNO CC rate is significantly lower than normalization to avoid overcounting with the total CC
the observed ES rate at SK, putg-vsterile transitions rate. For the calculation of the error matrix for the SK
are highly disfavoured and this is responsible for the spectrum we include the statistical error, correlated
bad fit obtained in Table 3 after including the SNO re- and uncorrelated systematic errors and the error due

sults. to the calculation of the spectrum [8,21]. For the
For the global analysis the totaP is defined as SNO CC spectrum we include the statistical error and
2 2 2 2 the correlated systematic errors from [1]. For all our
X" = Xrates XskspecT Xsnospee ©) analyses presented in this Letter we keep®Belux

normalization fixed at SSM value.

The no-oscillationy?/d.o.f is 10031/52 which is
disfavoured at 99.99% C.L. from the global data. In
Table 4 we show the results of global analysis of the
rates and the spectrum data for oscillation to an active
flavour. To highlight the impact of the SNO data we
present the results for cases with and without SNO.

where xgpec aNd Xénospec@re the x? for the SK
recoil electron spectrum and SNO CC spectrum,
respectively, ang 2,.scorresponds to thg? from the
total rates data. For the calculation of the rates part
i, j runs from 1 to 4 if we do not include the ES
rate measured in SNO and 1 to 5 if we include the
ES rate from SNO; for the SK spectrum parj runs
from 1 to 38 corresponding to 19 day and 19 night
bins; for the SNO CC spectrumy j runs from 1 to 3 The pre-SNO best-fit values for the global analysis are from
11. To account for the fact the ES rate measured in [19]. The corresponding C.L. contours also appear in [19].
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Izzli:st-ﬁt values of the parametexﬁ\in, and the goodness of fit from an analysis of the total rates given in Tablevl-ogieriie
Nature of solution Am? (eV?) tar? o x2in Goodness of fit (%)
pre-SNO SMA 4.43x 1076 144 x 1073 1.97 1604
(Cl+ Ga+ SK) LMA 6.41x 107° 0.58 1745 294x 1073
LOW-QVO 1.49x 107 0.85 1801 219x 1073
VO 8.99x 10711 0.36 270 1003
Just S8 5.40x 10712 1.00 1289 3.30x 1072
post-SNO SMA 418x 1076 5.72x 1074 1724 1.80x 1072
(Cl+ Ga+ SK LMA 4.98x 1075 0.54 2396 6.27x 1074
+ SNOCC) LOW-QVO 100 x 10~7 0.94 2426 5.40 x 104
VO 1.07x 10710 0.27 1571 3.88x 1072
Just S8 5.37x 1012 1.28 1940 6.13x 103
post-SNO SMA 5.20x 106 438x 104 1734 6.02x 1072
(Cl+Ga+ SK LMA 6.61x 107° 0.55 2442 2.04x 1073
+SNOCC LOW-QVO 296 x 1078 0.87 2216 6.04 x 1073
+SNOES) VO 86x 10711 0.23 2376 2.80x 1073
Just S8 5.37x 1012 1.27 1956 2.09x 102

For both pre-SNO and post-SNO we give the best-fit can explain the flat SK spectrum well and thus gets
points and the |006)t§1m in five regions—SMA, LMA, allowed from the global analysis at 17.14%.
LOW-QVO, VO and Just So With the inclusion of the SNO CC rate into the
The pre-SNO analysis indicates that with the inclu- global analysis, the data on total rates demand still
sion of the SK day—night spectrum data the GOF of the higher values of tafy for the SMA solution, thus
SMA solution becomes worse and fit in the LMA and enhancing the conflict between the rates and SK
LOW regions become much better, with LMA giving ~ spectrum data and the GOF becomes worse in the
the best-fit. This worsening of fit in the SMA region SMA region* If we look at the post-SNOgZ;, in
is owing to the fact that the peculiar energy depen- Table 4 for the case excluding the SNO CC spectrum
dence of the observed rates in Cl, Ga and SK exper- and the ES data then we find that the SMA solution
iments favour larger values of taf while the flatre-  becomes more disfavoured with SNO, while LMA,
coil electron energy spectrum observed by SK prefers LOW and VO are seen to improve, with the best-fit still
smaller values of t&¥. LMA and LOW solutions on  in the LMA region. The Just Sosolution gets worse
the other hand can describe the flat recoil electron with the introduction of the SNO CC rate, however it
spectrum at SK very well and the GOF in these re- is still allowed with a probability of 8.1%.
gions are much better. For the VO case, with the in-  We have repeated the post-SNO global analysis by
clusion of the SK spectrum data the best-fit shifts to including the SNO ES rate and the SNO CC spectrum
Am? ~ 455 x 10710 eV? for which energy averag-
ing gives an approximately constant probability for the
high energy neutrinos. The Just®3mlution, although 4 The contribution fromy2ecto the totaly 2 increases from 6.39

disfavoured from the rates analysis at more 99% C.L., at the SMA best-fit for the pre-sno case to 14.99 with the inclusion
of the SNO CC rate reducing the overall GOF.
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Izzli:st-ﬁt values of the parametexﬁ\in, and the goodness of fit from the global analysis of rate and spectrum data-fggtive
Nature of solution Am? (eV?) tar? o X2in Goodness of fit (%)
pre-SNO SMA 5.48x 1076 488x 1074 4359 2457
(Cl+ Ga+ SK LMA 5.08x 107° 0.35 3473 6214
+ SK spec) LOW-QVO 1.55x 10~/ 0.66 3850 4466
VO 455x 10710 0.44 3780 4786
Just Sé 5.43x 10712 1.00 4613 1714
post-SNO SMA 5.28x 1076 375x 1074 5114 9.22
(Cl+ Ga+ SK LMA 470x 107° 0.38 3342 7218
+ SNO CC LOW-QVO 1.76x 1077 0.67 3900 4699
+ SK spec) VO 4.64x 10710 0.57 3828 5025
Just S8 5.37x 10712 0.77 5190 810
post-SNO SMA 529x 1076 3.89x 1074 6520 7.30
(all data) LMA 4.49x 107° 0.38 4784 5605
LOW-QVO 1.70x 107 0.66 5330 3485
VO 453x10°10 0.36 5682 2360
Just S8 5.37x 10712 0.78 6629 612

in addition to the SNO CC rate and have presented

In Table 5 we present the results of global analysis

the results in Table 4. We find that due to large errors, for v.—vsterile SOlUtion and as expected the fits become
both statistical and systematic, the effect of addition worse with the inclusion of SNO results. The SMA

of the SNO CC spectrum in the analysis is to increase and the VO solutions which were allowed at 22.9%
the x2/d.o.f and hence reduce the GOF for all the and 32.57%, respectively, without the SNO results are
solutions in general.

In Fig. 3 we show the allowed regions at 90%,
95% , 99% and 99.73% C.L. obtained from the

global analysis fow,—vactive transitions includingall

published SNO data. The significant change in the

allowed regions after including the SNO results is the
disappearance of the SMA region even at 99.73% C.L.
(30) as a result of increased conflict between the total

rates and SK spectrum data. For the Just Ssution

also there is no allowed region at 99.73% C.L. after
including the SNO data in the global analysis of rates

and SK spectrunt.

now allowed at only 5.12% and 6.10%. The GOF in
the LMA and LOW regions also become worse. Prior
to the SNO results the SMA and VO was giving much
better fit to the global data as compared to the LMA
and LOW solutions since the former could account for
the total rates data much better. But with the inclusion
of the SNO CC rate the GOF of the SMA and VO
solutions for the total rates analysis is reduced by a
large amount and as a result all the solutions become
more disfavoured for the sterile neutrino case.

The GOF of the SMA solution is very sensitive to
the uncertainty of the,,—d cross-sections used. To
illustrate this point in Table 6 we give the GOF of the
various solutions for th@,—vaciive Case using the,—

d cross-sections from [39] and a conservative estimate

5 From Table 4 we see that for the pre-SNO case we have allowed Of uncertainty of 9%. Comparing the GOF in the LMA
area at 99.73% C.L. in the JustSgion.
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Table 5
The best-fit values of the parametexﬁ\in, and the goodness of fit from

Letters B 519 (2001) 83-92

the global analysis of rates and spectrum dafafgfyrile

Nature of solution Am? (eV?) tar? o X2in Goodness of fit (%)
pre-SNO SMA 4.03x10°6 49 x 1074 4411 2290
LMA 6.09x 107° 0.56 4715 1467
LOW-QVO 3.08x 1078 0.85 4716 1465
VO 454x10710 0.39 4137 3257
Just S8 5.39x 10712 1.00 4561 1851
post-SNO SMA 387x10°6 3.69x 104 6737 512
(all data) LMA 7.66x 107 0.48 6737 512
LOW-QVO 2.89x 1078 1.00 6819 445
VO 467x10°10 0.30 6631 610
Just S8 5.37x 10712 0.78 6648 593
and SMA region from the global analysis we find that
10’3 E T IIIIII| T IIIIII| T IIIIII| T JII‘\IIl T T IIIIIE With the use Of a 9% uncertainty in th’@_d Cross-
E N E sections the SMA region gets allowed at thel8vel.
[ ClrGarSK+SNO CC+SNO ES rates {4 4} ] To summarise, we include the recent SNO results in
107 +SKD-N'spectra + SNO CC spectra§ global x2 analysis of the solar neutrino data assuming
53 ! ] ve to mix with either another active neutrino or a
107 E sterile neutrino. We first perform a fit to the total rates
- ] including (i) the SNO CC rate and (ii) both SNO CC
10°E = and SNO ES rates, along with the total rates from Cl,
'y F N ] Ga and SK experiments. For thg-vaciive Case, SMA,
e L N LMA, LOW and VO solutions which were allowed
Ng from pre-SNO total rates analysis are still allowed but
A . the inclusion of the SNO CC data in the analysis of
107E total rates worsens the GOF of the SMA and VO
C ] solution and betters the GOF of the LMA solution.
10— owcL E The inclusion of the SNO CC rate disfavours all the
F | — 95%CL. - o solutions for pure,—vsterile case with a probability of
L] S A ) more than 99%.
g 3 We next perform a global analysis of rates and spec-
ot il vl il il trum data including (i) the SNO CC rate and (i) the
10°* 10° 10° 10" 10° 10' SNO CC and ES rates and the SNO CC spectrum

2
tan'@

Fig. 3. The post-SNO 90%, 95%, 99% 99.73% C.L. allowed area
from the global analysis of the total rates from Cl, Ga, SK and
SNO (both CC and ES), the 1258 day SK recoil electron energy
spectrum at day and night and the SNO CC spectrum data, assuming
two-generation oscillations to active neutrino.

along with the total rates of Cl, Ga and SK experi-
ments and the SK day—night spectrum. bofvactive
case, the global analysis gives five allowed solutions—
LMA, VO, LOW, SMA, Just S6—in order of de-
creasing GOF. However no allowed area is obtained at
99.73% C.L. for SMA and Just $molutions. With the
inclusion of the SNO CC rate the mismatch between
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Izzlifst-ﬁt values of the parametexﬁ\in, and the goodness of fit using—d cross section from [39]
Nature of solution Am? (eV?) tar? 6 X2in Goodness of fit (%)
post-SNO SMA 6.13x 1076 1.46x 1073 2.97 2265
(Cl+Ga+SK LMA 2.30x 107° 0.32 326 1959
+ SNO CC) LOW-QVO 140 x 107 0.70 788 193
VO 7.95x 10711 0.27 220 3329
Just S8 5.37x 10712 0.92 1425 805 x 1072
post-SNO SMA 5.36x 1076 415x 1074 4521 2285
(Cl+Ga+SK LMA 4.45x 1072 0.36 3498 6538
+SNO CC LOW-QVO 156 x 10~/ 0.69 3838 4980
+ SK spec) VO 454x 10710 2.35 3783 5231
Just S8 5.37x 1012 0.88 4693 1794

the best-fit parameters for the rates and SK spectrumspectrum data in our analysis, not included in the
increases in the SMA region while the LMA gives analyses of [28] and [29].

a very good fit to the global data. This results in a

marked improvement of the LMA solutions over the

SMA solution and we get no allowed area in the SMA Acknowledgements

region even at the 3tevel.

The sterile neutrino alternative gets highly dis-  The authors would like to thank D.P. Roy for
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a small admixture with the sterile neutrino state can-
not be ruled out completely as is shown by the model-
independent analysis performed in [40]. References
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