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Presently the best terrestrial limit on light neutrino masses (m < 2.2 €V)
are given by the tritium beta decay experiments. Not maximal mixing
of solar neutrinos following from the SNO and KamLAND together with
neutrinoless double beta decay ((303)o,) data open the chance for better
determination of the lightest of Majorana neutrino mass. We combine all
available fits for the solar neutrino parameters and collect all Nuclear Ma-
trix Elements (NME) calculations for the “°Ge, nucleus for which presently
the most stringent limit on the (30)o, decay half-life time exist. We have
shown that for some NME smaller bound on (my)min can be found. Un-
fortunately one order of magnitude discrepancies in NME calculations do
not allow to give the final answer.

PACS numbers: 14.60.Pq, 26.65.+t, 95.85.Ry

In the latest years the new atmospheric and solar neutrino experiments
SuperKamiokande [1] and SNO [2] provide strong model independent ev-
idence in favour of nonzero neutrino masses and mixing. All such os-
cillation type experiments determine a neutrino mass square differences
5m?j = m,? — m? and one is not able to find absolute values of their masses.
As a precise determination of the oscillation parameters 5m?j and |Uy;| is
now only a matter of time, the determination of the neutrino masses m; is
very difficult and still wait for new more precise experiments or even for new
experimental techniques. Knowing the ém? differences the problem of the
masses alone is the problem of determination of the minimal mass (M, )min-
Also the other questions must be answered. First of all we should know the
number of light massive neutrinos (N, = 3,4) and their nature (Dirac or
Majorana?).

Several approaches both terrestrial and cosmological for measuring the
neutrino masses are discussed in literature (see e.g. [3]). If neutrinos are
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Majorana particles the neutrinoless double § decay should be observed [4]
and the so called effective Majorana mass

n

2
Z my Uei
i=1

does not vanish. Many experiments on the search of (53)g, decay were
performed [5]. No indication in favour of such decay have been obtained up
to now, and the upper bound on (m,) was found. To be sure, an evidence of
the (88)oy-decay obtained from the reanalysis of the Heildeberg-Moscow [7]
experiment has been claimed [8], but it was strongly criticized [9]. The
bounds on (m,) combined with the results of neutrino oscillation can give
important information about minimal neutrino mass (my )min [10]. Quality
of the information depends on value of the solar neutrino mixing angle 0,
Last KamLAND results [12] together with older solar neutrino data found
that the value of 6y, is far from giving maximal mixing (sin? 20,10, < 1).
That is the reason why we decided to analyze once more the limit for (m, )min
which follows from the bound on (m,). In the range of the present bound on
(my,) the normal (6m? == dm3; < dm3, ~ dm?,,) and inverse (6m3; ~
dmZi, > dmly = dmZ ), ) mass schemes give similar results. In both cases
we are in the almost degenerate mass region m; < mo < mg where the
values of (my)max and (my)min can be easily found [11]

(1)

(my) =

solar

<m1/>max ~ (mu)min (2)

and
<mu>min ~ (mu)min (5 cos? 3 — sin? 013) ) (3)

where the ¢ parameter is defined by
e = |1 — 2sin? Ogopar| - (4)

The formula (3) is valid for € > tan? 613 which is satisfied for present values
of the Os1ar and 613 angles. From Eqs. (2) and (3) we see that the (m,)max
does not depend on the oscillation parameters and is explicitly defined by
(M) min only. In the same time the value of (m,)min depends on sin? fpar
and the third mixing angle 613. This angle is small 613 ~ 0 so in practice
(my) =~ e(my)min and the solar mixing angle yo1,; decide about efficiency of
the method of the neutrino mass determination. The method works better
as Osolar is farther away from the maximal value Oy ~ 7/4. In Table I
we give all after KamLAND fits of the solar neutrino oscillation parameters
om2 . and sin? O (solar + KamLAND). The fits are generally not so

solar
much sensitive on sin 013, so we take here the old CHOOZ experiment limit,
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Solar neutrino parameters.
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TABLE 1

dm? x 10°eV?

best value 90% C.L. 99% C.L.
G.L. Fogli [14] 7.3 5.8-8.9 5.1-10.0
M. Maltoni [15] 6.9 5.8-8.8 5.0-9.9
J.N. Bahcall [16] 7.1 5.9-8.8 5.1-9.9
H. Nunokawa [17] 7.1 6.0-9.0 5.2-10.0
P. Aliani [18] 7.71 7.2-10.0 6.2-10.0
P.C. Holanda [19] 7.3 5.9-9.1 4.8-10.0
A.B. Balantekin [20] 7.1 6.0-8.8 5.2-9.9
A. Bandyopadhyay [21] 7.17 6.0-8.8 5.3-9.9
V. Barger [22] 7.1 5.4-9.1 (20) >5.0 (30)
Mean value: 7.20 6.0-9.03 5.21-9.95

sin? 9

best value 90% C.L. 99%C.L.
G.L. Fogli [14] 0.315 0.25-0.40 0.23-0.46
M. Maltoni [15] 0.315 0.24-0.405 0.225-0.46
J.N. Bahcall [16] 0.310 0.235-0.385 0.225-0.475
H. Nunokawa [17] 0.296 0.219-0.390 0.194-0.441
P. Aliani [18] 0.390 0.201-0.447  0.281-0.50
P.C. Holanda [19] 0.291 0.25-0.38 0.21-0.425
A.B. Balantekin [20] 0.315 0.25-0.41 0.23-0.46
A. Bandyopadhyay [21] | 0.305 0.237-0.383  0.219-0.441
V. Barger [22] 0206 0.24-0.35 (20) 0.22-0.39 (30)
Mean value: 0.315 0.246-0.394 0.226-0.450

sin? 013 < 0.04 [13]. We see that the solar mixing angle is not maximal. In
all six fits performed by different groups [14-22] the value of sin? 6,1, even
for 99% of C.L. is smaller than one. The mixing angle for the best fit, for
90% and 99% of C.L. in all papers are very similar. We calculate the average
values, they are:

best fit :  sin? fgopar = 0.315, (5)
90% C.L.: 0.246 < sin® fgo1ar < 0.394 (6)

and
99% C.L.: 0.226 < sin? fopar < 0.450. (7)

In Fig. 1 we present the values of (m,)max and (m,)min as function of
(My)min. In the region of neutrino masses which we consider, the (my,)max
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is very simple (Eq. (2)) and independently of the solar mixing angle is given
by one line (the thick solid upper line). The thick solid lower line correspond
to the best fit value of mixing angles (sin2 Osolar = 0.315 and sin’ 3 = 0).
The region between both these thick lines describes all possible values of the
(my) where two Majorana CP violation mixing angles ¢; (i = 1,2) change
in the full domain —7 < ¢; < 7. As the limit on the neutrino mass depends
on (my,)min We present the possible region of their values for the 90% (dark
shaded) and 99% (light shaded) of C.L. for average values of the sin? 6y,
(Egs. (6),(7)) and 0 < sin? 613 < 0.04.

22eV
0.235eV (WMAP limit) (Tritum B decay)

1 sino =0315 | —— bestfit : Jsinfo_;:

1 ot =7.2010%eV mg:ﬁngt }
1 sin'o,=0 ;. B 9%c i Jo226
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Fig. 1. The dependance of (m,)max and (m, )min on (My )min- The thick solid upper
line describes (m,)max and is independent on oscillation parameters. The thick
lover line corresponds to (m,, )min for the best fit values of solar neutrino parameters
(sin? fsotar = 0.315, sin? 613 = 0). Possible values of (m,,)min for 90% (99%) of C.L.
are presented by the dark shaded (light shaded) region. Bounds on (m, )min from
tritium S decay and last WMAP limit [23] are also given. The present (upper
hatched) and future (lover dashed lines) experimental and theoretical bounds on
(m,) are depicted.

In the linear relation between (m,)min and (m,)min (Eq. (3))

<mu>min = C(mu)mina (8)
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the slope ¢ can be calculated, and ¢ = 0.37 (for best fit), ¢ = 0.163 (for 90%
C.L.) and ¢ = 0.055 (for 99% C.L.).

The experimental bounds on (m,) ((my)exp < k) decide about the upper
bound on (my,)min. In the conventional left-handed coupling model, the
(B0)oy rate is usually expressed as (see Ref. [24])

[Tlo/yQ]il = GOV|MOV|2<mV>27 9)

where G% is the phase space integral and My, is Nuclear Matrix Element
(NME). The determination of crucial parameter (m,) from experimental
results on Tlo/”2 requires a precision knowledge of |Mo,|?. Unfortunately it
is complicated job and up to now there is no agreement between different
methods of calculation.

For the isotope of Germanium “°Ge the results which differ by one order

of magnitude have been obtained
T75("Ge) = b x 10** [y], (10)
where (for (m,) =1 ¢eV)

b=1.7 [25], 2.16 [26], 2.3 [27], 2.33 [28], 3.15[29],
3.2 [29], 3.6 [30], 4.06 [31], 8.95 [32] 14.0 [33], 17.7 [34].  (11)

Presently the best limit on Tlo/”2 ("®Ge) have been found by Heidelberg—
Moscow experiment [35]

T("Ge) > 1.9 x 10% y (90% C.L.), (12)

which gives various bound on the (m,) (90% C.L.)

(my) < \/1»39 [eV] € (0.30 — 0.93) eV, (13)

where only systematical errors are included. This region of possible bounds
on (m,) is also depicted in Fig. 1. We see that, in spite of new results on
sin? fgojar the present bound on (m,) and the present precision of NME cal-
culation, give no chance to find better limit on neutrino mass. The bound
(see Fig. 1) is larger than m, < 2.2 eV [36,37] given by tritium beta decay
experiment. So the situation does not change in comparison with the pre-
vious searches [10,11]. Now the problem is inherent in unprecise knowledge
of the NME. In the optimistic scenario, if NME takes the large value (e.g.
b = 1.7) then we have from (8) (for 90% C.L.)

(my) < % =1.83eV. (14)
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Unfortunately the present precision of NME calculation (11) does not allow
to find the better limit on minimal neutrino mass.

Future oscillation experiments will diminish the errors of sin? 1., and
sin? 013, 0(sin® Oyo1ar) = 0.01 and 6(sin? f13) ~ 107 [38]. Let us assume that
their central values will not change very much, so we can expect that

sin? Ogorar &~ 0.31 £ 0.01 (15)

and
sin? 013 € (0,107) (16)

giving the slope in Eq. (8)
¢ € (0.36,0.40) . (17)

With the present bound on (m,), the mass of the lightest neutrino will be
still not well described

1 [b
(m)min < —\/ 75 = (0.75 — 2.68) eV. (18)

The most sensitive experiments planned in the future will also use "°Ge
as a (30)o, source. The GENIUS [39], Majorana [40] and GEM [41] experi-
ments plan to reach the decay half-lives in the range 100 x 10%° y, 70 x 10%6
y and 40 x 10%° y, respectively, giving a mass or a next bound for Ma-
jorana neutrinos in the range (my)min € (0.013 — 0.042) eV, (my)min €
(0.016 —0.050) eV and (my)min € (0.021 —0.067) eV. Even if obtained mass
limits are much better then present and future tritium beta decay bounds,
the uncertainties given by the NME are not pleasant.

So, in spite of the better determination of solar neutrino parameters
still it is impossible to find the smaller bound on the lightest Majorana
neutrino mass from the (33)o, decay. However, on the contrary to the
previous (after SuperKamiokande) search, such bound on (my, )min follows if
we assume large NME for the Ge decay. Unfortunately the one order of
magnitude discrepancies in calculations of the NME, where various nuclear
models are used, give presently no chance to find new bound on (m,)min.
Resolving the problem of NME’s calculation for (53)o, decay has now the
crucial meaning.
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