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Three-flavor solar neutrino oscillations with terrestrial neutrino constraints
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We present an updated analysis of the current solar neutrino data in terms of three-flavor oscillations,
including the additional constraints coming from terrestrial neutrino oscillation searches at the Cif€a©Z
tor), Super-Kamiokandétmospherig and KEK-to-Kamiokaacceleratorexperiments. The best fit is reached
for the subcase of two-family mixing, and the additional admixture with the third neutrino is severely limited.
We discuss the relevant features of the globally allowed regions in the oscillation parameter space, as well as
their impact on the amplitude of possib@P-violation effects at future accelerator experiments and on the
reconstruction accuracy of the mass-mixing oscillation parameters at the KamLAND reactor experiment.
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I. INTRODUCTION The casest Am? and —Am? identify the so-called direct
and inverted spectrum hierarchigiks].t
In this paper we present an updated three-flavor oscilla- The mixing matrixU ,; is parametrized according to the
tion analysis of the solar neutrino data coming from theusual conventioi16] as
Homestake[1], SAGE [2], GALLEX/GNO [3,4], Super-
Kamiokande(SK) [5], and Sudbury Neutrino Observatory U=U(6, 013,053, 2
(SNO) [6,7] experiments. We include additional constraints
coming from terrestrial neutrino oscillation searches perwhere we have dropped thEurrently unobservableCP
formed at the CHOOZ reactof8], at the SK atmospherie  violation phase. The mixing angles span two octardts,
experiment[9], and at the KEK-to-KamiokaK2K) long  e[0,7/2], and are often parametrized in terms of either
baseline accelerator experimgriO]. Implications for up- tanzaij (in logarithmic scalg or sinzaij (in linear scale
coming or future experiments are also discussed. This workl7,18. We use the latter representation in this work.
extends a previous solaw2analysis[11], to which we refer As it is well known, solar and terrestrial neutrino data
the reader for technical details. Earlier discussions of solagonsistently favor the so-called hierarchical hypothesis
3v oscillations and related references can be found in
[12,13. SmP<Am?, ®)
The plan of our paper is as follows. In Secs. Il and Il we
briefly review the theoretical and experimental input, respecwhich can be used to simplify the calculatigri®]. Even if
tively. In Sec. IV we present the results of our 8scillation  some regions of the explored parameter space do not fulfill
analysis. In Sec. V we discuss some implications @®  the above hypothesis, thee posteriori likelihood of com-
violation searches at future accelerator experiments. In Sebined solutions in such regions appears to be so low that, at
VI we analyze the accuracy of parameter reconstruction impresent, the zeroth-order approximatidgone-mass-scale
the Kamioka Liquid scintillator Anti Neutrino DetectoKa-  dominance[17-19) is practically justified in the current
mMLAND) experiment at reactofd4]. We draw our conclu- analysis of both solar and atmospheric neutrino data.
sions in Sec. VII. In particular, solar neutrino oscillations are described with
very good accuracy in terms of thev3parameter subset
(6m?,6,,,615) [18,13,2Q. Corrections due to violations of
Il. THEORETICAL 3 » FRAMEWORK Eq. (3) have been shown to be typically smédee[15] and
AND APPROXIMATIONS references thereinand can be safely neglected at present.

) - ) Therefore, in the statistical analysis of the soladata, the
We consider standardi3oscillations among flavor eigen- 2 function takes the form:

states v,=(ve,v,,v,) and mass eigenstatesy;

=(vq,v,, with a squaredv mass spectrum defined as
(11.,72.23) 9 P o= X, b15,015), @
s o o sm? sm? . _ _ _ _
(m7,ms5,m3)= —T,+T,1Am2 , (1) We assume direct hierarchy, unless otherwise stated. As dis-

cussed later, the case of inverse hierarchy does not appreciably
change the results of our analysis.

2The alternative representation in terms of Iogzmpis more use-
up to an irrelevant overall constant. The two squared masgl when the allowed regions span several decades in mixing
gaps m? and Am? (both >0) are usually referred to as angles—a situation no longer realized in the current neutrino phe-
“solar” and “atmospheric” squared mass gaps, respectively.nomenology.
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with no dependence aim? and thus on the mass spectrum also depends on the hierarchy, although, unfortunately, in a

hierarchy(direct or inversg very weak way at present.
Concerning atmospheric neutrinos, it has been shown in
several analyses that the usual bounds on the dominant Il. EXPERIMENTAL INPUT

— v, oscillation parameters\m?, 6,7) are rather robust un- . ) . . ) )
der perturbations beyond the one-mass-scale dominance, in- In this section we briefly review the experimental input
duced by eithem,5>0 [21,9,22,23 or by Sm?>0 or both ~ coming from solar and terrestrightmospheric, reactor, and
[20,24-27 (within reactor bounds® acceleratorexperiments. For the solar neutrino analy_sis we
Moreover, since thé,; value is irrelevant for the analysis Use the same standard solar model input and neutrino data

of both solar and reactor neutrino data, we only need td81 observablgsas in[11], but with an updated winter-
know the atmospheridm? scale in our analysis, as derived summer4rate difference from the combination of GALLEX/
by a combination of thépreliminary SK and K2K bounds GNO [4]" and SAGE[2] measurements,
[9,10] for unconstrained),; (see Sec. I)l. Summarizing, we
use the SK(atmospherig and K2K bounds to derive the Rw—Rs=—5%x7SNU (GALLEX/GNO+SAGE). (9)
marginal likelihood forAm?, namely,

Concerning reactor data, we take the CHOOZ absolute

spectrum from[8]. The 3v analysis includes the {77 bin
X§K+K2K:X§K+K2K(Am2)- ®) sgectra as irﬁlé].] Y
Concerning atmospheric neutrinos, the SK Collaboration

Such likelihood is practically independent of all the other 3 has recently presented updat€3® ktonyp bounds on the
parametergand on thet Am? casey as far as the hierarchi- leadingv,— v, atmospheric neutrino oscillation parameters
cal hypothesis holds phenomenologically. (Amz,sin52023) [9]. Since the correlation between the two
In the analysis of the CHOOZ reactor constraints, how-Parameters appears to be negligible, the bounda m# for
ever, the hierarchical approximation may not be accuraténconstrainedi.e., projectegivalues of sif26,; are basically
enough, and the full 3 oscillation probability(as reported, ©Obtained by fixing sif26,; at its the best fit valugunity).
e.g., in[15]) must be used in global analysgz2,29,26,30— From a graphical reduction of the bounds showndh we

32], providing ay? functional dependence of the kind derive then an approximatiy 3 function in terms ofAm?,
The K2K Collaboration has also presented preliminary

) 5 ) ) bounds on the same mass-mixing paramet&rsy, sirf26,)
XCHooz= XcHooZ M, £ Am*, 615, 613). (6)  [10], again with apparently negligible correlation around the
best fit point(as far as sif26,; is nearly maximal The
bounds on sif26,5 are relatively weak, but those dim? are
already competitive with those placed by SK and must be
taken into account. We simply do so by a graphical reduction
of the A 2, function presented ifiL0] for maximal mixing,
to be combinedsummed with the previousA x5 .

The reason is that the CHOOZ bounds mndisappearance
can be saturated by taking eithfs>0 or m?>0 or both
[26,30,33,27, thus providing an anticorrelation between the
CHOOZ upper limits onrsm? and 6,5 that must be properly
taken into account. In other words, the higiden®, the lower . 5 > N
615, in both cases of normal and inverted hierar§pg,30. It turns out that the functiom x sy kak obtalzned in this
We will discuss some consequences of such anticorrelatiof@Y 1S nearly pzarabollc " thenear variableAm?, although
in Sec. V. the separat@ y5x andA yx,x components are not parabolic.
Before performing the final combination of SKK2K ~ The SK+K2Ky® minimum is at 2.%10°° eV, with a
+CHOOZ with solar neutrinos, it is useful to project away =10 ermor (AxZ.xx=1 for Npe=1) equal to ~0.4

the functional dependence of the likelihood am? by de- ~ <10~ % eV?. The estimated range faxm?, as discussed in
fining a “terrestrial” y? as the preceding section, is known to be very stable under small

perturbations induced by nonzero values @f or sm?.
) ) o 5 Therefore, we use the following SKK2K combination:
Xterd 6M*, 612, 013) = Tnzg()(sm kak+ XGHooz), (7

Am?=(2.7£0.4x 10 3 eV? (10
which contains only a residual dependence on the hierarchy

(direct or inversgthrough y2,,007- Therefore, in principle, ~With approximately linear, symmetrical and Gaussian errors,
the global combination for unconstrained values of the other arameters. Notice

that values ofAm? below 1.5<10 2 eV? are excluded at
5 ) 5 5 30,_ corroborating th_e trer_1d of a prev_io_us $K2K combi-
Xglobal OM*, 012, 013) = Xsolar™ Xterr (8)  nation [34], and reinforcing the validity of Eq(3). Of
course, it will be desirable to confirm this nice result by
undertaking a thorough arab initio analysis and combina-
3Moreover, the estimates of the leading parametArsy, 6,3 are
robust under perturbations induced by new neutrino states or inter-
actions, se¢28] and references therein. 4Corrected to remove eccentricity effects.
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2v oscillations: all solar data w/0 CHOOZ
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FIG. 1. Two-flavor global analysis of solar neutrino oscillations
in the (6m?,sirfd,,) parameter space, with and without the addi-
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TABLE |. Absolute and local best fits for thev2analysis re-
ported in Fig. 1(without CHOOZ. The valuex?;,=72.3, reached
in the LMA solution, corresponds to a good overall fit to 81 solar
neutrino dataminus 2 free parameters

Solution om? (eV?) Sir6,, Ax?
LMA 55x10°° 0.30 -
QVO 6.5x10°1° 0.55 7.5
LOW 7.3x1078 0.41 10.5

[11], modulo the small changes induced by the updated input
from Eq.(9) and by the different abscissa. For completeness,
Table | gives the local?® minima for the so-called large
mixing angle (LMA), quasivacuum oscillatiotQVO) and
low-6m? (LOW) solutions. These minima are not altered by
the inclusion of the CHOOZ data, whose only effect is to
slightly strengthen the upper bounds ém?, as shown in
Fig. 1. The features of suchv2allowed regions have been
discussed in a number of papdrg5,35—40Q and are not
repeated here.

B. 3» oscillations

Figure 2 shows sections of the volume allowed by solar
neutrino data only in the @ parameter space
(6m?,sirféy,,sirfé,3), for four representative values of
sirfd,;5 (equal to 0, 0.02, 0.04, and 0)06The best fit is
reached in the same LMA point as for the 2ase (siff;;
=0). The constraints are derived through E4). and Npg

tional constraints placed by the CHOOZ reactor experiment. The=3. |t can be seen that, for increasingzﬁiﬂ, the upper
inclusion of CHOOZ leads to slightly more restrictive upper boundsphounds onsm? in the LMA become slightly weaker, and the

on ém?.

LOW and QVO solutions become less unlikely. Maximal
(v1,v,) mixing (sirfé,,=1/2) is also less disfavored for in-

tion of the K2K and SK data. We plan to do so when suchcreasing sifg,5. This trend is qualitatively consistent with

preliminary data are published and described in more detail

IV. RESULTS

In this section we describe the main results of our 3
solar neutrino oscillation analysis with additional terrestrial
constraints. We start from the subcase of &cillations.

A. 2v oscillations

In the subcase of purer2oscillations @,3=0), the infor-
mation onAm? coming from SK+K2K is completely de-
coupled within our approximations, and the solar
+ CHOOZr parameter space reduces @nt, 6;,).

the recent results ifi39] (obtained for an almost equivalent

solar v data set as well as with previous i3 analyses of
solar neutrino dat§13,22,32,41

Looser constraints on eithém? or maximal mixing can
be a desirable property from a theoretical or experimental
point of view. Relatively large values ofm? are, e.g., re-
quired for the possible detection of leptor@d® violation in
future (very) long baseline experimentéee, e.g.,[42]).
Nearly maximal mixing can allow certain cancellations in
0v2p decay or inv model building(see, e.g.[43]). Unfor-
tunately, such “desirable” features in Fig. 2 are severely lim-
ited by the inclusion of current terrestrial data through Egs.
(7) and(8). This is shown in Fig. 3, where the addition of the

Figure 1 shows the constraints coming from the globalterrestrialv constraints actually strengthens the upper bounds

solar neutrino analysis in thes(?,sirfé;,) plane, with and
without CHOOZ. In the case of solar data only, the solu-

on ém? for increasing sif¥;3, since the CHOOZ bounds are
more quickly saturated. Notice also that, in comparison with

tions are almost coincident with those presented in Fig. 1 ogarlier analyses, the current K2SK bounds om\m? [Eq.

SIn particular, the K2Kspectral shapenalysis leading to the re-
sults in[10] appears to involve much mofand currently unpub-

lished information than was required in the simpler analysis of therestrial

total rate only [34].

(10)] are now sulfficiently strong to prevent the occurrence of
relatively low values ofAm? (<1.5x10 2 eV?), where the
CHOOZ bounds would become significantly weaker. There-
fore, the current SK K2K data enhance the impact of ter-
constraints on the solar »3 parameters
(6m2,sirt6,,,Sirt,,).
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3y oscillations . Solar data
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FIG. 2. Three-flavor global
analysis of solar neutrino oscilla-
tions in the Em?,sirtd;,,sirf6;s)
parameter space, shown through
four sections at fixed values of
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sm? (eVv?)

—10:
10 E -

= | [T DR DU PRV N VTR PRI ST T R ISV SRTE PR NTIN FRUIE SO PO P
DT YA PEVRT I FUUIN PN VUL FRRURIVOUY FRVRRIVUTL UUTL R FUVUN TRUTE IR TRTTL I SUUTL TUUL PUTTY FRVRT Y
0 010203040506 070809 10 010203040506 070809 1

sin®¥,, sin®9,,

Figure 4 provides another way of looking at the results ofthe changes for inverse hierarctnot shown are negligible.
the solar terrestrial analysis. In this figure, they? function  Indeed, the phenomenological difference between the two
is projected onto one parameter at a time, so thahtbigma  hierarchies, which vanishes f@;;— 0, is still too small to
bounds on each of thefithe others being unconstraineate  emerge for the nonzero values @f; allowed by Eq.(11).
simply given by aA y?=n? cut. In the left panel it can be
seen that the? difference between the LMA and the LOW V. IMPLICATIONS FOR EUTURE CP
or QVO solutions is slightly lowered in the:3fit, as com- VIOLATION SEARCHES
pared with the 2 case reported in Table I. However, such
improvement for the LOW and QVO solutions for nonzero ~ The anticorrelation between the upper bounds$or and
0,5 is currently marginalless than one unit it y2). Basi-  Sin*f;3 shown in Fig. 3 is not a particularly desirable feature
cally all data converge towards zero or low values of &g, for future CP violation searches at accelerators, where the
whose global upper bounds are reported in the right panel adifference between the and v oscillation probabilities
Fig. 4. In particular, one gets would be enhanced fdroth m? and 6,5 close to their upper

_ limits (see, e.g., the reviews [42]).

i 013<0.05 (30, Npr=1), (11) In order to study in more detail the maximu@P viola-
tion effects compatible with current bounds, we think it use-
for unconstrained values of the other parameters. ful to focus on the following benchmark quantity, which

In conclusion, genuine i3 mixing in solar neutrinos is typically appears as an overall prefactor modulating
severely constrained by terrestrial data. For the most favore@ P-violating amplitudes, and which has the useful property
solution, increasingl,; corresponds to lowering the upper to be a vacuum-mattéi/M) invariant[44]:
bound oném?. For the less favored LOW and QVO solu-
tions, the improvement of the fit for slightly nonzero values Iy = (m2Z—m3)(m5—m3)(m3— m3)sin 26;,5in 20,5086, 5

of 6,5 (see alsg39)) is not statistically significant. Figures 3 (12
and 4 quantify such effects.

Afinal remark is in order. Figures 3 and 4 refer to the case = dm?[4(Am?)2— (6m?)?]sin 6,,00S6,,SiN 015605 0;3.
of direct neutrino spectrum hierarchy. We have verified that (13
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3v oscillations . Solar + Terrestrial data
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More precisely, in order to eliminate the dependence owhere Am3=2.7x10"° eV? and 0, =0.4x10"° eV? [Eq.
Am? and to simplify the Q'SC‘Z‘SS'Q”v we integrdigy OVer  (10)]. The quantityl,, is then a function of the samer3
Fhe Gaussian dlgtrlbutlon inm defined in Eq(10), obtain- parameters &m?,6,,,6,2) used for the previous solar
ing the expectation value . . . —

+terrestrial analysis. Notice tha{,,— 0 when any of these

3v parameters tends to zero, as intuitively expected for a
guantity associated t6 P violation [44].
—(8m?)2]sin ,,0080,,5iN 0,505 013,  (14) Figure 5 shows isolines ofly, in the plane

Ty = 0m2[4(Am3)%+4(a,)?

3v parameter bounds from projected Ay* (1 d.o.f.)
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CP violation : Isolines of Iy (107 eV®)
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(5m2,sinz¢912), for the same representative values széig terrestrial test of the solar LMA solution [14]. If the LMA

as in Figs. 2 and 3. Thém? scale is restricted to the range solution is disconfirmed, the BOREXINO experiment will be
relevant for the LMA solution, whose confidence le(€IL.) able to test the remaining LOW and QVO solutions by de-
contours are superposed in each pdasltaken from Fig. 8 tecting time variations of the event rd#5]. Assuming that

In the upper left panel (stdy5=0), the vacuum-matter in- the LMA solution is confirmed, various studies have shown
variantl,, is identically zero. In other panels, it can be seenhow well the KamLAND experiment can reconstruct the os-
that 1y, achieves its maximum values, within the LMA so- Cillation parameters for a few selected. point; in the
lution, for “intermediate” values of siff;{(=0.02-0.04). (8m? 6;;) parameter spacfl4,46-52. In this section we
Indeed, for increasing values of s the LMA upper extend these studies by performing a continuous scan in the
bound ondm? decreases, anEVM is maximized when a (?mz parameter, in the region of interest for the LMA solu-
compromise is reached. This behavior is shown in more delon: _ .

tail in Fig. 6, where we plot, at any fixed value of 4, In the analysis, we use standard inputs for the reactor
the minimum and maximum value reachedlly, within the ~ @verage fuel compositiofb3], v, energy spectr454] and
corresponding 90% C.L. region for the LMA solution. It can Cross sectioi55]. We take from[56] the reactor power and

be seen that the absolute maximuml_qm is reached for locations. The visible energy window is chosen to bBe

sirfé,; below its upper boundby about a factor of twp €[1.22,7.23 MeV (divided |n012 bm$ as in[49,50, with
We conclude that the maximum allowed amplitude of "€ resolutions(E)/VE=5% (E in MeV) [14]. We as-

possible CP violation effect@in future accelerator experi- ?ume a “Kﬁmt‘.LANla yea:j" corre;por;dmg t0 550 te\{[gnts/ yr
mentsg occurs somewhat below the upper bound placed byOr no oscillation[14], and consider two representative ex-

terrestrial experiments on $ify;, due to the phenomeno- POSUre periods of 0.5 and 3 years, the shortest period being a
logical anticorrelation with theSrr%z upper bound tentative estimate of the detector live time that might be used

for the first official release of the KamLAND data.
VI. IMPLICATIONS FOR KAMLAND Concerning the uncertainties, in addition to the statistical
fluctuations in each bin, we include am % overall normal-
__ The KamLAND experiment is currently detecting reactor jzation error[14] (due to uncertainties in fiducial volume,
v, events, whose energy spectrum will provide soon a cleaflux, and cross sectionand a 2% energy scale uncertainty
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Allowed range for IVM at 90% CL in the LMA solution

FIG. 6. Allowed 90% C.L.
range of the vacuum-matter in-
variantl yy in units of 10 0 eV®,
The range is determined by tak-
ing, for any fixed siRf;;, the
minimum and maximum value
reached byly, within the 90%
C.L. region of the LMA solution.
Note that the absolute maximum
of Iy is reachedelowthe upper
bound on sifg;5.

sin®1,,

[14]. The normalization and energy scale systemdficty confused with a similar suppression induced by lower values
correlated in each bjrmainly worsen the reconstruction ac- of both sm? and siré;,. Such ambiguities can be cleared
curacy of siR6;, and m?, respectively. Background reduc- up, e.g., after 3 years of data taking, provided thaf’<2

tion and subtraction are still in progress at KamLAND{], X 10~ * eV2. Above this range, KamLAND cannot resolve
and we do not include th@inknown associated errors in the the pattern of fast oscillations in the, energy spectrum,

analysis. More realistic analyses, including backgrounds angnich could be disentangled only by reducing the typical
other systematicée.qg., fuel composition uncertainti¢46]),  paseling31,51,57.

of related information. _ x10~* eV?, for three representativigrue) values of sifb,.
Given the above input, for fixetlue values of the param-  gor oscillation parameters close to the LMA ones, the accu-
eters (m?,siréy,) we first determine thel x’<4 region  racy in the Sm? reconstruction can already be as good as

including thereconstructecbscillation parameters, and then _ + 1094 at 2r after half-year exposure, and can improve by
project this region either odm? or on sirfd;,, in order to

obtain the* 20 error bands on each of the two oscillation . 2
parameters separately. For simplicity, this procedure is done _s KamLAND reconstruction of §m” ot +2¢
for fixed #,3=0. When real KamLAND data will be avail- F T ‘ N
able, a more complete analysis proceddnet simulated [ sin®®, = 0.3
here should include a variabl®#,; parameter, to be con- r
strained by world neutrino dat@s previously done for the
currently available data in Figs. 3 angl $mall variations of
0,3 would then basically act as an additional KamLAND
normalization uncertaint{50].

Figure 7 shows the- 20 range of the reconstructegin?
as a function of the true value afm?. The true value of
sirfé,, is fixed at 0.3(LMA best fit), while the reconstructed
sirfé,, is projected away. It can be seen that, in the range
most relevant for the LMA solution gm?~few
X 10 ° eV?) the reconstruction accuracy depends only
weakly onsm?. It becomes rapidly worse, however, outside
this range. E.g., for low values ofm? (approaching the
no-oscillation limit in KamLAND), the reconstructed value
of ém? can be considerably higher than the true one, the
variation being compensated by a lower value of the recon-

* (eV)

reconstructed ém

: : 2 10°° 107 1073
structed sifd,. For high values of ém? (say, ) )
=10* eV?), degenerate solutions begin to appear, eventu- dm (eV )
ally leading to a tower ofmerging multiple ranges for the FIG. 7. Simulation of KamLAND results. Reconstructed range

reconstructeddm?. For a half-year exposure, an isolated, of 6m? at =2¢ as a function of the true value ofm? in the
low-5m? reconstructed range also appears, since the speabscissa. The true value of &, is fixed at 0.3. The curves refer to
trum suppression due to true valué®’=10"“% eV? can be  detector exposures of 0.5 and 3 years.
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KamLAND reconstruction of 6m? at £2¢
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KamLAND reconstruction of sin®%,, at +2¢
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FIG. 8. Simulation of KamLAND results. Reconstructed range of sirfg;, at =20 as a function ofém? for three representative
of sm® at +2¢ (normalized to the true value @fm? in abscissh  (true) values of sif6;,, and for exposures of 0.5 and 3 years.
for three representative values of &y, and for exposures of 0.5

and 3 years. VII. CONCLUSIONS

We have studied the 18 perturbations to the usualz2
solutions to the solar neutrino problem, including—besides
the full set of current solar data—the terrestrial neutrino con-
straints coming from the CHOOZreactoj, SK (atmo-
spherig and K2K (acceleratorexperiments. The global best
fit is reached in the so-called LMA solution, for the subcase
ferred. of 2v mixing (#;15=0). The likelihood of the(less favorell

Finally, Fig. 9 shows the reconstructed range of&in  LOW and QVO solutions does not improve significantly for
(first octant only, for the same choice of true oscillation nonzero#,;, within the severe constraints placed by terres-
parameters as in Fig. 8. From this figure it appears that th&rial neutrino experiments on such mixing angle. The anticor-
most accurate reconstruction of &, occurs forsm? val-  relation between the upper bounds ém? and 65 has been
ues slightly below the current LMA best-fit point. The reasondiscussed, together with its implications for the maximum
is that, for such relatively low values, the overall rate sup-allowed amplitude of possibl€P violation effects (ex-

pression in KamLAND is maximized, making it easier to put pressed in terms of a representative vacuum-matter invari-
bounds on the oscillation amplitude and thus oR&jn The an). We have also discussed the expected accuracy of the

i . mass-mixing parameter reconstruction in tharrently run-
sin 6, reconstruction accuracy tends to become constant foﬁing) KamLAND experiments, described through a continu-
high values ofsSm? (regime of fast oscillationsIn the lower

: ous scan of thesm? parameter within the LMA solution.
panel, notice the appearance of a degenerate reconstructed

range for the case of 0.5 year exposure, which has the same
origin as the corresponding one discussed in Fig. 7.

a factor of ~2 after three years. Thém? reconstruction
accuracy improvegworsens$ slightly for increasing(de-
creasing values of sifé;,, since this parameter governs the
amplitude of the oscillation pattern, from whigm? is in-
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