
data analysis, the hint of �13 > 0 was diluted well below
1�, and could be conservatively ignored [3].

Such a trend has recently changed, however, after the
latest data release from the Kamioka Liquid Scintillator
Anti-Neutrino Detector (KamLAND) [12], which favors
slightly higher values of sin2�12, as compared to solar
neutrino data [13] at fixed �13 ¼ 0. As discussed in [14],
and soon after in [15], this small difference in sin2�12 can
be reduced for �13 > 0, due to the different dependence of
the survival probability Pee ¼ Pð�e ! �eÞ on the parame-
ters (�12, �13) for solar and KamLAND neutrinos [16].
Indeed, recent combinations of solar and KamLAND
data prefer �13 > 0, although weakly [14,15,17].

Remarkably, the recent data from the third and latest
phase of the Sudbury Neutrino Observatory (SNO) [18]
presented at Neutrino 2008 [19] further reduce the solar
neutrino range for sin2�12 and, in combination with
KamLAND data, are thus expected to strengthen such
independent hint in favor of �13 > 0. We include SNO-III
data in the form of two new integral determinations of the
charged-current (CC) and neutral current (NC) event rates
[18], with error correlation � ’ �0:15 inferred from the
quoted CC/NC ratio error [18], but neglecting possible (so
far unpublished) correlations with previous SNO data [13].
We ignore the SNO-III elastic scattering (ES) event rate
[20], which appears to be affected by statistical fluctuations
[18,19] and which is, in any case, much less accurate than
the solar neutrino ES rate measured by Super-Kamiokande
[21].

In the solar neutrino analysis, we update the total
Gallium rate (66:8� 3:5 SNU) [22] to account for a recent
reevaluation of the GALLEX data [23,24]. The latest
Borexino data [25,26], presented at Neutrino 2008 [27],
are also included for the sake of completeness. We do not
include the Super-Kamiokande phase-II results [28], which
would not provide significant additional constraints.
Finally, concerning KamLAND, we analyze the full spec-

trum reported in [12], and marginalize away the low-
energy geoneutrino fluxes from U and Th decay in the
fit. We have checked that our results agree well with the
published ones (in the case �13 ¼ 0) both on the oscillation
parameters (�m2, sin2�12) and on the estimated geo-�
fluxes [29].
Figure 1 (left panel) shows the regions separately al-

lowed at 1� (��2 ¼ 1, dotted) and 2� (��2 ¼ 4, solid)
from the analysis of solar (S) and KamLAND (K) neutrino
data, in the plane spanned by the mixing parameters
(sin2�12, sin

2�13). The �m
2 parameter is always marginal-

ized away in the KamLAND preferred region (which is
equivalent, in practice, to set �m2 at its best-fit value
7:67� 10�5 eV2). The mixing parameters are positively
and negatively correlated in the solar and KamLAND
regions, respectively, as a result of different functional
forms for Peeðsin2�12; sin2�13Þ in the two cases. The S
and K allowed regions, which do not overlap at 1� for
sin2�13 ¼ 0, merge for sin2�13 � few� 10�2. The best-fit
(dot) and error ellipses (in black) for the solarþ
KamLAND combination are shown in the middle panel
of Fig. 1. A hint of �13 > 0 emerges at �1:2� level,

sin 2�13 ¼ 0:021� 0:017 ð1�; solarþ KamLANDÞ;
(2)

with errors scaling linearly, to a good approximation, up to
�3�.
Combination.—We have found two independent hints of

�13 > 0, each at a level of �1�, and with mutually con-
sistent ranges for sin2�13. Their combination reinforces the
overall preference for �13 > 0, which emerges at the level
of �1:6� in our global analysis. In particular, Fig. 1 (right
panel) shows the 1� and 2� error ellipses in the (sin2�12,
sin2�13) plane from the fit to all data, which summarizes
our current knowledge of electron neutrino mixing [30].
Marginalizing the sin2�12 parameter we get

FIG. 1 (color online). Allowed regions in the plane (sin2�12, sin
2�13): contours at 1� (dotted) and 2� (solid). Left and middle panels:

solar (S) and KamLAND (K) data, both separately (left) and in combination (middle). In the left panel, the S contours are obtained by
marginalizing the �m2 parameter as constrained by KamLAND. Right panel: All data.
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