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Addendum to “Solar neutrino oscillation parameters after first KamLAND results”
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In a previous paper, we presented a three-flavor oscillation analysis of the solar neutrino measurements and
of the first data from the KamLAND experiment, in terms of the relevant mass-mixing parameters
(6m?,61,,60:,3). The analysis, performed by including the terrestrial neutrino constraints coming from the
CHOOZ (reactoy, KEK-to-Kamioka (K2K, accelerator, and Super-KamiokandésK, atmosphericexperi-
ments, provided a stringent upper limit @h;, namely, siR6;5<0.05 at 3r. We reexamine such an upper
bound in light of a recentalthough preliminaryreanalysis of atmospheric neutrino data performed by the SK
Collaboration, which seems to shift the preferred value of the largest neutrino square mass differ@nce
downwards. By taking the results of the SK official reanalysis at face value, and by repeating the analysis of
our previous paper with such new input, we find that the upper bouné, 9is somewhat relaxed: Sifi;
<0.067 at 3. Related phenomenological issues are briefly discussed.
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In a previous papdrl], we presented a three-flavor oscil- change can be instead induced by a more substantial de-
lation analysis of data from KamLAND2] and solar[3]  crease ofAm?, as possibly indicated by a new SK data re-
neutrino experiments, in terms of the three mass-mixing paanalysis[12].
rameters relevant for this data set: namely, the smallest The SK Collaboration has recently presented the prelimi-
square mass diﬁerenc6m2=m§—mi), and the two mixing nary results of a global reanalysis of the previous atmo-
angles between the first and the other two neutrino generspheric neutrino dataho new data includedwhich incorpo-
tions (61, and 6,5 in standard notatiof4]). The analysis rates improvements or changes of various basic ingredients,
included also the constraints coming from the following ter-such as the neutrino interaction simulator, the inner and outer
restrial neutrino experiments: CHOQ#actoy [5], KEK-to-  detector simulators, the data reduction process, the event re-
Kamioka (K2K, accelerator [6], and Super-Kamiokande construction algorithm, and the input atmospheric neutrino
(SK, atmospheric [7]. In particular, an approximate SK fluxes[12]. It is claimed that each change slightly shifts the
+K2K data combinatioi8] was used to constrain the largest Am? allowed region to lower values, the final best-fit value
neutrino square mass differenceAm?=(2.7+0.4) beingAm?=2x10"3 eV? [12], i.e., 1.5 below the central
x 10 2 eV? (10) [8]. The parameteAm? was then margin- value in Eq.(2).
alized away in the 8 analysis of the CHOOZ spectral data At present, we cannot recover from Rgf2] enough in-
[1,8, which depends on the four parametersformation to implement the above variations in a thorough,
(Am?, 6m?,sirf6;,,sirf6;5) [9]. ab initio analysis of the SK atmospheric data, and thus we

Our summary of the constraints on the Parameters cannot independently check the above claim. However, it is
(6m?,sirf6,,,sirf6,5) was given in Fig. 9 of Ref[1], in  tempting to study, at least in a first approximation, the impli-
terms of the projected x? functions of the globalsolar ~ cations of relatively lowAm? values[12] on our previous 3
+terrestrial data fit. The same functions are reported, for theanalysig 1]. In particular, it is immediate to recognize that a
sake of completeness, in Fig.(dolid curves. In particular, ~ significant downward shift oA m* weakens the upper bound
the following upper bound was obtained on the mixing angleon sirf6;3 coming from the CHOOZ datgg]. Since the pa-

013 [1]: rameter sifidy3 has an enormous impact on basically all as-
pects of current and future neutrino phenomenology, we
Sir? 6,3<0.05 (30, all data. (1)  think it useful to reexamine its previous probability distribu-
tion [1] in light of the preliminary SK revised resulf&2].
After Ref.[1], a thorough analysigl0] of the first K2K To this purpose, we derive an approxima@éK,(Amz)

spectral datd6] has provided, in combination with SK at- function through graphical reduction of the SK mass-mixing
mospheric neutrlnzo datpr], a more reliable and accurate parameter fit in Ref[12], and combine it with ourunal-
estimate of theAm* range[10]: tered xz,«(Am?) function from the K2K spectral analysis

in Ref.[10]. We obtain then the following “revised” estimate
Am?=(2.6+0.4X10°° eV? (10,SK+K2K). (2  for A2,

A very similar range has been found in a recent, independent

analysis of SK-K2K data[11]. However, the mere decrease Am2=(2.0f8'§)><10*3 eV? (1o, SK' +K2K), (3

of the Am? best-fit value from 2.78] to 2.6[10,11] (in units '

of 1072 eV?) does not induce any perceptible change in the

results summarized in Fig. 9 of Rdfl]. A non-negligible  where the errors, although asymmetric, turn out to scale lin-
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3v parameter bounds from projected Ax? (1 d.o.f.) FIG. 1. Three-flavor neutrino

oscillations: Projections of the
global A ¥? functions onto each of
the (6m?,sir? 6;,,sir? 6,5 param-
eters. Then-sigma bounds on each
parameter(the others being un-
constrainedl correspond toA y?
=n?. The solid curves show the
results of our previous analysis
(see Fig. 9 in Refl1]). The dotted
curves show the effect of thiem?
estimate in Eq.(3), which in-
cludes the revised SK atmospheric
neutrino results from Ref[12].
No significant change is seen in
the fit to Sm? and sif6;,. Con-

16

14

12

10

o | IR bj ...... | ....................... +. L) | ’ versely, the fit to the S?mls pa-
010_5 ot o3 0 05 1 0 002 00F 008 008 rameter becomes less const.raln-
ing, the 3r upper bound being
5m2 (eV 2) Siﬂz’ly Siﬂz’ly increased from 0.05 to 0.067.
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early up to~ 3.1 Notice that the above estimate is compat- experiment, an increase in the upper limit or?gﬁ may, in
ible with the Am* ranges independently preferred by the general, enlarge the discovery potential in the- ve chan-
final analyses of the MACRQL3] and Soudan 214 atmo-  nel. On the other hand, low values AMm? imply small »,,
spheric neutrino experiments. — v, appearance ratds<(Am?)?] in the same class of ex-
Assuming theAm? input from Eq.(3), we proceed to periments. Weakening the bounds on?#ig might also

perform the global 3 fit as in Ref.[1], all other phenom- \aaren future KamLAND limits oré,, (when they will be-
enological inputs being unchanged. The results are shown 'Tome competitive with solar neutrino limjssince variations

Fig. 1 (dotted curves As compared with the previous results of sir?6,, can be partly traded for variations of 5 (both

[1] (solld_ curves, no noticeable cr;ange is seen in the fit to affecting the KamLAND event rate in a similar wayncer-

the leading solan, parameterssm” and sirf¢y, (left and tainties on the mixing angles may then affect other observ-

middle panel in Fig. 1 The constraints on st are in- bl th ﬁg i 9 Mai y . trinol

stead somewhat relaxed, as expected. In particular, the intef>'€S: €9, the €eflective Vlajorana mass in Neutrinoless
double beta decay. Concerning atmospheric neutrinos, low

cept of the line at\ =9 with the dotted curve in the right 2 : .
panel of Fig. 1 provides the “revised” @ upper bound on values ofAm? and relatively high values of si#; ; can make

Sirt 0,5 subleading ¥ effects somewhat more important. In particu-
’ lar, if the best-fit value oBm? in Fig. 1 would increase with
sir? 0,3<0.067 (3¢, all datg, (4)  future KamLAND data, then atmospheric neutrino analyses
at zeroth order indm?/Am? might need an upgrade to in-
clude higher-order effects. Of course, none of the above ef-
fects can be large enough to change significantly the overall
S : picture of the 3 oscillation phenomenology. However, cur-
by a factor—~1.3 at any C.L. This is the main result of our rent or predicted ranges for several parameters and observ-

Addendum. . o . ables might need small readjustments, should the revised SK
We conclude with a few qualitative comments on possible

henomenological implications of the relatively “londm? atmospheric neutrino analysis in Rg12] and theAm? es-
ipn Eq. (3) ang of thep relatively “weak’ u e)r/ bound on timate in Eq.(3) be basically confirmed by more detailed
q: y PP studies: The “revised” upper limit on sf;5 in Eq. (4) is

sirf @5 in Eq. (4). Concerning a long-baseline acceleratorjust one relevant example.

to be compared with the previous one in Et). Essentially,
the main effect of the “revised” SK atmospheric neutrino
results[ 12] consists in enlarging the upper bounds orf éjg
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two half-parabolae. The SKabel indicates that we are using here zionale di Fisica NucleardNFN) within the “Astroparticle
the “revised” Super-Kamiokande results from REf2]. Physics” research project.
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