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Neutrino masses from beta decays after KamLAND and WMAP
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The first data released by the KamLAND Collaboration have confirmed the strong evidence in favor of the
large mixing angle solution of the solar neutrino problem. Taking into account the ranges for the oscillation
parameters allowed by the global analysis of the solar, CHOOZ and KamLAND data, we update the limits on
the neutrinoless double beta decay effective neutrino mass parameter and analyze the impact of all the avail-
able data from neutrinoless double beta decay experiments on the neutrino mass bounds, in view of the latest
WMAP results. For the normal neutrino mass spectrum the réd@&—0.23 eV is obtained for the lightest
neutrino mass if one takes into account the Heidelberg-Moscow evidence for neutrinoless double beta decay
and the cosmological bound. It is also shown that under the same conditions the mass of the lightest neutrino
may not be bounded from below if the spectrum is of the inverted type. Finally, we discuss how future
experiments can improve the present bounds on the lightest neutrino mass set by the Troitsk, Mainz, and
Wilkinson microwave anisotropy probe results.
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I. INTRODUCTION If neutrinos are massive, then the first question which
immediately arises is concerned with the value of their ab-
The first results reported by the Kamioka liquid scintilla- solute mass scale. The direct neutrino mass determination
tor antineutrino detectofKamLAND) experiment{1] have  method relies on the detailed analysis of the end-point part of
brought new light to the search of the true solution of thethe beta decay spectrum of some nu¢i At present, the
solar neutrino problem. Through large distance measuremost stringent experimental bound on the neutrino mass
ments, the KamLAND Collaboration has measured, for thecomes from the Maing7] and Troitsk| 8] experiments which

first time, reactorv, disappearance within the large mixing have set a maximum value fam, of 2.2 eV. The KATRIN
angle allowed region for the neutrino oscillation parametersexperimen{9], which is planned to start taking data in 2007,
Moreover, the Super-Kamiokand8K) atmospheri¢2] and  will be able to improve the sensitivity to neutrino masses by
the KEK to Kamioka(K2K) acceleratof3] neutrino experi- approximately one order of magnitude.
ments strongly indicate that neutrino flavor oscillations in the The search for positive signs in the neutrinoless double
v,— v, channel are the most natural explanationifgrdis-  beta [(88)¢,]-decay mode of certain even-even nuclei
appearance. These two evidences have changed our standaegms to be, at present, the most reliable way to look for the
picture of particle physics in the sense that neutrino oscillaMajorana nature of neutrinos. The phenomenological conse-
tions require neutrinos to be massive. In addition to thisquences of 88),, decays in the framework of neutrino os-
neutrinos behave very differently from the other known el-cillations have been widely studied in the literat{it®,11].
ementary particles not only because they are much lighteThe extraction of neutrino mass limits througbg),,-decay
but also due to the fact that their mixing pattern differs verymeasurements involves certain subtleties which are related to
much from the one observed in the quark sector. the fact that this method of probing on the absolute neutrino
In spite of all the great achievements of oscillation experi-mass scale strongly depends on the results provided by neu-
ments, we are still far from a reasonable understanding ofrino oscillation experiments. Therefore, and in spite of not
neutrino properties. Among all the unanswered questions ibeing sensitive to it, neutrino oscillation experiments turn out
neutrino physics, the most fundamental one concerns the n& be of great importance in the determination of the absolute
ture of neutrinos. In particular, it is of prior importance to neutrino mass scale.
know whether they are Dirac or Majorana particlet. All the outstanding developments in experimental neu-
While Dirac neutrinos require the existence of highly sup-trino physics were accompanied by an equally remarkable
pressed Yukawa couplings, which are difficult to accommo-evolution of cosmological experiments. Recently, the results
date on theoretical grounds, small Majorana neutrino massdsom the Wilkinson microwave anisotropy prolfé&/MAP)
naturally arise in the context of minimal extensions of thehave brought new insights into the measurements of a large
standard model where the seesaw mechariBjoperates. set of cosmological parameters with an incredible precision.
Still, our present knowledge of the neutrino sector leaves to@hen combined with the data from the two degree field
much room for speculation about the neutrino mass generd2dP galactic redshift survey12], the WMAP results se-
tion mechanism. verely constrain the neutrino masses. In particular, this si-
multaneous analysis leads to the following upper bound on
the neutrino contribution to th€ cosmological parameter,
*Electronic address: filipe@gtae3.ist.utl.pt Q,h?<0.0076 whereh is the Hubble constarftL3]. This
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bound, together with the relatio®;m;=91.5Q,h? (ev)  validity of the LSND results can only be made by the Mini-

[14] implies =;m;<0.70 eV. Hence, in the framework of BOONE experimenf19]. .
three light neutrino species, one obtains In this paper we update the bounds on the effective Ma-

jorana neutrino mass parameter in view of the latest global
analysis of all the solar, CHOOZ, and KamLAND data. This
will be done in the framework of the normal and inverted

) o neutrino mass schemes. Taking into account the WMAP con-
for the mass of each neutrino, indicating that the KATRIN giraint given in Eq(1) and all the presently available neu-
experiment may not have enough se_nS|_t|V|ty to measure thging oscillation and 81),,-decay data we obtain the neu-
electron neutrino mass. Although this is true fBrdecay  rino mass bounds for each type of neutrino mass spectrum.
experiments it may not hold for AB)o,-decay searches rina|ly, the impact of future £8),,-decay projects on the
which will be sensitive to even lower values of neutrino yetermination of neutrino masses is discussed and the conse-
masses, in the future. This raises the interesting question Ylences of the first Heidelberg-Moscow evidence 188),

how competitive their results can be when compared with th‘?jecay, when considered simultaneously with the Wli\/IAP

cosmological ones. _ bound onm;, are analyzed.
Besides the constraints imposed on neutrino masses, the
precise cosmological measurements also place importanf;, NEUTRINO OSCILLATION DATA: PRESENT STATUS
bounds on the number of effective allowed neutrino species ) _ o _
Neff. Furthermore, using the range of the baryon-to-photon The presently available neutrino oscillation data, not in-
v . H . .
ratio 77=6.5f8j‘3‘>< 10710 and the measurements 8He pri- cluding the results from LSND, can be accommodated in the

mordial abundances, it has been shown th%ttf< 3.4[15]. framework of three 'mlxed' massive neutrlnog. All the |nfor-
. . . i : . mation about neutrino mixing is enclosed in the leptonic
This result turns out to be in serious conflict with the evi- .. : . .
— = o o _ 7 mixing matrix U which relates neutrino flavor and mass
dence forv,— v, oscillations reported by the liquid scintil- eigenstates in the following way

m;<0.23 eV, (1)

Y7
lator neutrino detectofLSND) Collaboration[16]. It is well

known that the LSND results require the existence of at least 3

four neutrino species which is incompatible with the bound VLa=Zl Ugry, ae=eu,7 j=123. (2
Né"'<3.4. Moreover, the neutrino oscillation data indicate "~

that four neutrino oscillation scenarios are disfavored whemhe mixing matrixU is a 3X 3 unitary matrix and its form
compared with the three neutrino oscillation scherh@|. depends on whether neutrinos are Dirac or Majorana par-
The KARMEN experimen{18] already excludes part of the ticles. In the framework of three light Majorana neutrinos,
LSND parameter region but a conclusive statement about thihe matrixU can be parametrized as

C12C13 S12C13 S13 1 0
U=| —S1C23—C15525515€'° —C1Co3—S15525518'° Sp€1€'° | .| O €* 0 , 3
$12523~ C12C23515€" o - C15823~ S12C23515€" 2 CoaC1€' 0 0 0 €#

wheres;;=siné; andc;;=cosf}; . The phase is the leptonic  with information about the neutrino mixing anglég and
Dirac CP-violating phase and: and 3 are Majorana phases mass squared differencasn’ =m?—m? . The identification
[20]. The Dirac phase can induceCP-violating effects in  of these parameters with the experimentally measured ones
neutrino oscillations, sizable enough to be measured by vergepends on the neutrino mass ordering. In this paper we will
long baseline neutrino oscillation experiments in the futurealways identify 8,5, 6,3, and 6,5 with the “solar,” “atmo-

[21]. On the contrary, oscillation experiments are blind to thespheric,” and the CHOOZ angles, respectively. There are
physical effects associated to the Majorana phaseaedB .  two possible ways of ordering neutrino masses correspond-
Therefore, the determination of these phases is only viable img to the normal h;<m,<m3) and inverted z<m,
experiments sensitive to the Majorana nature of neutrinosim,) spectra. In both cases one can express two of the
like (BB)q,-decay experiments. Nevertheless, this seems taeutrino masses as a function of the remaining one and the
be a difficult task to achieve since it requires not only theAmiZj 's. For the normal neutrino mass spectrgiNMS)
knowledge of all the neutrino mass and mixing parameters

but also the understanding of the physics related with mo= VM2t AMZ. Ma= M2+ Am2.+ | Am2 4
(BB)o,-decays; namely, the uncertainties in the nuclear ma- 2 ! 2 M= My atlAmgd, ()

trix elements involved in the calculation of thg8),,-decay .

rates seem to be the major problem on the possible determ"fl—nd for the inverted spectrufiNMS)

nation of the Majorana phasg22]. - . . . .
The neutrino oscillation experimental results provide us ~ M2=VM3+[Am3], my=\m3+|Am3]—Am3,. (5)
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TABLE I. Allowed ranges for the oscillation parametezx:ang1 and sirfé;, taken from the global analysis of all sola€HOOZ and all
solar- CHOOZ+KamLAND data performed in Ref24].

2v Solar- CHOOZ 2v Solar+ CHOOZ+ KamLAND

Am3, (X107% eV?) Sir6;, Am3, (X107* eV?) Siro;,
99% C.L. (0.25-4.2) (0.21-0.46) LMA | (0.52—1.0) (0.23-0.46)
LMA 11 (1.2-2.1) (0.23-0.39)
95% C.L. (0.28-2.3) (0.24-0.42) LMA | (0.57—0.92) (0.24-0.4)
LMA 11 (1.4—1.8) (0.27-0.33)
90% C.L. (0.3-1.9) (0.24-0.4) (0.6-0.9) (0.26-0.4)

Best fit 0.6 0.3 0.7 0.3

The SK and K2K neutrino data point towards the existence In spite of being insensitive to the absolute neutrino mass
of neutrino oscillations in the ,— v, channel. The results of scale, neutrino oscillation experiments indicate that neutrinos
these two experiments constrain the parametgss and  oscillate withAm3,<|Am2,|. This allows the classification
|Am3,| which, considering the SK only and SKK2K data,  of the neutrino spectrum in hierarchic@l), inverted hier-
are found to lie in the rangd23] archicaI(IHé), and quasidegenerat®D). From Eqgs.(4) and

(5) one ha

HE: my<Ami=m,=+\Ams;, mg=+|Am3,),
IH: mg<<|Am3,|=my=m,=[Am3,,

QD: m;>|Am3)|=m=m,=mj. (10

SK(99% C.L): 1.3x10 %eV?<|Am3,|<5.0x10 %e\?,
Sinf2 6,5>0.85, (6)

SK+K2K(99% C.L): 1.4x10 3eV2<|Ami)]<3.8

X 10 3%eV?,

) Although, the presently available neutrino data do not dis-
Sin’2 6,3>0.85, criminate between normal and inverted neutrino mass spec-
tra, such a selection will be possible in future long baseline

with the best-fit values neutrino experiments; namely, the detailed study of earth

SK:|AMZ)=2.7x10 3eV2, sirf26,5=1 matter effects in neutrino oscillations will allow for the de-
s ' S termination of the sign oAmj3, and therefore give us a hint
SK+K2K: |[Am2,|=2.6X 10 %V 2,  Sirf 26,=1. about the mass ordering of neutrino stdt2g].
@)

IIl. (BB)y, DECAYS AND NEUTRINO MASS SPECTRA
Although the impact of the K2K data is still not very signifi-

cant, the most important fact to retain is that these results are 1€ combined analysis o), decay and neutrino os-
compatible with the pre-K2K ones. cillation experimental results may be of crucial importance

The presently available data from all solar and reactoP" the clarificz_ition of some aspects related with massive neu-
neutrino experiments confirm that the solar neutrino problenfinos. In particular, the observation of these processes may
can be explained through the existencevpf- v, . oscilla- not o.nly reveal theT ngorana character of neutrinos but also
tions. After the release of the first KamLAND rgéults, severaln€lp in the determination of the absolute neutrino mass scale
global analysis of all the solar, CHOOZ, and KamLAND &nd spectra. If these decays occur due to the exchange of
data have been performéd4,25. As an example we take virtual massive Ma_ljorana neutrinos, their probgbmty amph-
the pre-KamLAND and post-KamLAND results obtained in tudes are proportional to the so-called effective Majorana
[24] which are summarized in Table |. Besides selecting thé"@ss parameter
LMA region asthesolution to the solar neutrino problem, the
KamLAND experiment significantly restricts the correspond- Mee=|(M,)14] =
ing oscillation parameter space as can be seen from Table I.

The absence of, disappearance reported by the CHOOZ h is th . . . is th
[26] and Palo Verd§27] experiments imposes severe bounds" ereM, is the Majorana n_eutrlno mass matrig; Is the
mass of the neutrino mass eigenstate and theU; are the

on the 6,3 angle. The global analysis performed [i84
13 a9 g ysis p 4] elements of the first row of the leptonic mixing matrix. The

3
i=21 mUZ|, (11

shows that
Sirf#,;5<0.05 (99.73% C.L), (8)
We will not consider here the cases whemg=m,<m; and
being the best-fit value mz<m;=m, which correspond to the partial and partial inverted
mass hierarchy spectra, respectively. The reader is addressed to Ref.
(sirf6,3)gr=<0.01. 9 [10] for a complete analysis on the subject.
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i ifi | i IS 2 2 2 2.2
most significant bounds on the value of the effective neutrino mS =] m2+|Am2,] — Am3,c2.c2,
mass parameter come from the Heidelberg-Mosg8®y and . _
IGEX [31] "°Ge experiments. Taking into account the uncer- +ym3+|Am3,|c2s2,e 2+ mysi e 2A.
tainties in the nuclear matrix elements involved in the deter-

mination of the 383),,-decay amplitudes, one has (20)

. < -
m..=(0.35-1.24 eV (Heidelberg-Moscow (12 Furthermore, since\m3,<|Am3,|, the following approxi

mations hold:
Mee=(0.33-1.35 eV (IGEX). (13 m2
. . . mpe=my|ci,cat \/ 1+ zzlcissizefzia
The reanalysis of the Heidelberg-Moscow data performed in m?
[32] has been interpreted as an evidence®8),, decay of
%Ge. The deduced range for,, was |AmZy .
+\/ 1+ ——spe 27, (21)
Mee=(0.11-0.56 eV 95% C.L., (14) M
2
. - m
which is modified to mS~m, 1+ | m232|052053
Mee=(0.05-0.84 eV 95% C.L, (15 3
. . . . |Am§2| 2 2 H 2 H
if a =50% uncertainty of the nuclear matrix elements is +\/ 1+ ——cispe 2 tsie P, (22
considered. The interval ms
Mee=(0.4—1.3) eV (16) The above equations are valid for any neutrino mass spec-

trum since the lightest neutrino masg (or ms) is not con-
has been obtained in Ré83] using a different set of nuclear Strained. With the help of Eq¢10) one can obtain approxi-
matrix elements. After their publication, the results presentedat€ expressions of the effective neutrino mass parameter
in Ref. [32] were criticized by some author§3s]. At the — Mee depending on the type of neutrino mass spectrum. From

same time, some phenomenological implications of thigds-(19) and(20) and the definitions given in Eq10) one
claimed evidence were explord®@6]. In any case, future has

experiments will have enough sensitivity to clarify this situ- Hi 2 772 2i(a—p)

ation, and if confirmed, we will surely have the first evidence Mee=| VAMZ;ST 15t V[Amg[sie™ P, (23
in favor of the Majorana nature of massive neutrinos.

The definition of the effective Majorana neutrino massand
parametem, in terms of the physical parametefig, m;, H_ 212 | 2 a—2ia
5, a, andp, is easily obtained from Eq11) and the relation Mee=|Am3jcTgci+spe” ', (24)

for the HI and IH neutrino mass spectra, respectively. In the
case of three quasidegenerate neutrinos with a common mass
approximately equal ton, Egs.(19) and(20) reduce to

M, =U*diagm;,m,,ma)U’, (17

which comes from the diagonalization of th&x3 Majorana
mass matrix. Parametrizing the mixing mattixas done in mggz m|ci3(c§2+ sze_Zi“)ﬂLSige_ZiBL (25)
Eq. (3) one gets
The allowed ranges for the effective neutrino mass parameter
mee=|m1U§1+ m2U§2+ m3U§3| in each case depend not only on the values oﬂthéj 's and
mixing angles but also on the Majorana phaseand . In
fact, depending on wheth& P is conserved or violated the
) _ ) i _ value ofm, can drastically chang28]. Here we will only
This expression can be further written in terms of the lightest,o ~ncerned with the absolute boundsnan which can be

neuztrino massm, (mg) for the NNMS (INMS) and the  oqgjly obtained from Eqs(23)—(25) with the appropriate
Am*'s, taking into account the mass definitions given in EQs..hgice of the phases and 3, leading to

(4) and(5)
HY 72 2 772
NS by 2 2 o (Mee)iow=| VAMZ;S1,CT5— V[Am3ysty,
Mge=|M1CiLT3+ VMI+Am;,ciasie

+ M2+ AmZ,+ [AmZ ) s2e2A|, (19) (Mee)up= VAMZ;sT,cist | Am3ysts, (26)

_ 2 2 22 2 2 2
=|myCT,Ciat MyCissT.e ' “+mgsie™ 2. (18

(MEDiow=VIAME| (1—siy)(1-2s%)),

For a complete discussion on proofs and disproofs the reader is " > 2
addressed to Ref34], and references therein. (Mee) up™= VIAm3)|(1-siy), (27)
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TABLE Il. Allowed ranges for the effective Majorana mass parametgrfor each type of neutrino mass
spectrum. The values presented here were determined taking into accountt&@&klata summarized in
Egs.(6)—(7) and the solat CHOOZ+KamLAND results given in Table | and in Eqé3) and(9).

mil (X102 eV) myt (X102 eV) m3>/m
99% C.L. LMA | <75 (0.3-6.2) (0.026-1)
LMA Il <85 (0.8-6.2) (0.16-1)
95% C.L. LMA | <6.5 (0.7-6.2) (0.14-1)
LMA I <73 (1.2-6.2) (0.27-1)
90% C.L. <6.7 (0.7-6.2) (0.14-1)
Best fit (2.0-3.0) (2.0-5.0) (0.39-1)

(mSE)lowz m|c§3(1—2332)—s§3|, (mgeD)up: m. (28 at 99% C.L. The allowed ranges for the Majorana mass pa-
rameter are shown in Table Il for each type of neutrino mass
spectrum and the dependencamy, on the lightest neutrino
mass for the NNMSINMS) is shown in Figs. (a,b where
the shaded regions indicate the possible valuesrigrin
each case. From Fig. 1 and Table Il it becomes evident that

The expressionrﬁge up together with the WMAP bound
on neutrino masses given in E@) implies mg<0.23 eV
which can be interpreted has thesmologicabound on the
effective Majorana mass parameter. Cancellatiomadgcan
in principle occur in the HI and QD cases if the following

conditions are fulfilled:

72
VAMZ;ST,

the intervals determined fan,. may overlap when consid-
ering the different types of neutrino mass spectra. This fact
raises the interesting question which are the conditions that

HI: s2.= ~(0.03-0.15, (29 must be fulfilled in or(_ier to get a clear separ_ation _o_f the
13 \/|Am§2|+ \/Amglsfz ( 5 (29 different types of neutrino mass schemes. The imposition of
such constraints can be translated into
QDist= 7 20;; =(0.07-0.35). (30 » . N o
COS 412 (mep)up<(me low » (me up<(mee)lowa

Comparing these ranges with the bound given inBgone
immediately concludes that cancellations cannot occur if (M) o< (MSD)
. . L. ee/up ee /low *
neutrinos are almost degenerate. Still, the conditigp=0
is compatible with a hierarchical neutrino mass spectrum.

(31)

From EQ.(27) one can see that this can be accomplished irMaking use of Egs(26)—(28) one can show that this is

the IH case is2,= 0.5, which is already excluded by the data equivalent to

(@) (b)

10 10
Troitsk + Mainz Troitsk + Mainz
10° ¢ . 10° i
WMAP+2dF WMAP+2dF
~10'F All solar+CHOOZ+KamLAND (99% C.L.) i 10 ' |
3 SK+K2K (99% C.L.) N
2 2
() . @
E‘D —  Best fit Ew
10 % , 10 *F —
Inverted spectrum: m ,<m<m,
4 lO 3 = 4
All solar+CHOOZ+KamLAND (99% C.L.)
SK+K2K (99% C.L.)
Normal spectrum: m _<m_<m —— Best fit
10 4 L : \2 2 L L I 10 4 L I L I I
10° 10 10° 102 10! 10° 10 10° 10* 10° 1072 10" 10° 10"
m, (eV) m, (eV)

FIG. 1. Dependence of the effective Majorana neutrino mass paramgtesn the lightest neutrino mass for tli@ NNMS and (b)
INMS. The shaded regions were obtained considering the ISKK results and the solarCHOOZ+ KamLAND at 99% C.L. given in Egs.
(6) and Table I, respectively, and the boui®l on sf3. The solid lines correspond to the case where the best-fit values given ifi7Ed9)

and Table | are taken into account.
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, 1—tarfly, spectrum type. Com_paring the resul.ts plotted in Fig. 1 with
s5.,< , the rangeq14)—(16) it becomes obvious that the HI spec-
Y24 JAmZ/|AmE : NS min

M4/ |A M3, trum is ruled out. Requiringriee) yp<Mee =0.05, one can

show that the IH spectrum is excluded if

1
2
$1,<5 (1—rz—tarfdyy),
2 (mee)min
2
—S13

|Am3,|=

2
l =2.8x10 3 e\2. (34)
2 <1—tar12613(1+r32)

12 2471, ’

32
32 Hence, considering the SKK2K ranges fof Am3,| given in

) ) Eq. (7), one concludes that there is still a small window
respectively, with rg;= VIAmg,/m and ;= VAmM2/M. ajlowed for the inverted hierarchical neutrino mass spectrum.
Choosing m=0.2eV [10] and m=22eV (Troitsk On the other hand, the bounds presented in Ebg. and
+Mainz) one has, considering the 99% C.L. bounds on thg16) select the QD spectrum as the only possible scenario for
oscillation parameters,JAms,/[Am3,|=(0.12-0.39), r3;  neutrino masses since in these cagai),,<mm".
=(0.02-0.31), andr,=(0.3—7)x10 2. Together with
the inequalities32) this leads to IV. NEUTRINO MASS BOUNDS FROM (8p8),, DECAYS
s2,<(0.39-0.47, s3,=(0.32-0.49, s3,=(0.45-0.50). In this section we analyze the impact of all the available

(33 data from (88),,-decay experiments on the neutrino mass
) ] o spectrum, taking into account the present neutrino oscillation
Taking into account that the WMAP result implie®  regyits and the cosmological bound on neutrino masses.
=0.23 eV, the first and third relations abov_e remain practi- | ot us suppose than,, is found in the rangenreneinsmee
cally unchanged w_her(_aas th(_a second one is mod_me;fztg <n{". This, together with Eq(19) leads to
=(0.34-0.39). This discussion shows that discriminating
between the HI and IH or HI and QD leads to less restrictive
conditions than the one needed for the discrimination be- ~ Mee = Meo=CidMi(1—255,) — sigymi+[Am]],
tween the IH and QD neutrino mass spectra. The possibility (3
of determining the type of neutrino mass spectrum has been
studied in detail in Ref[37] where the uncertainties in the and
measured value af,. due to the imprecise knowledge of _
the nuclear matrix elements were taken into account. In par- MEe'<mgg=m;+ (M +|Amzy| —my)sts, (36)
ticular, it has been shown that depending on the uncertainty
factor, the above ranges s#, get modified, being even more for the NNMS andn&>\/Am3;sZ,. The above inequalities
restrictive. allow one to find approximate expressions for the upper and
At this point one may wonder if the results in favor of lower bounds of the lightest neutrino masg, which we
(88)0, decay reported by the Heidelberg-Moscow Collabo-will denote bymif andmi2", respectively. We obtain in this
ration may help us in the determination of the neutrino massase

2 2 2 2 34
muP Maec0S 201,675+ ST3V(MEe) +|AmZ,|(coS 26,15~ S1y)
NS_ i)

(37

coS 261,015~ S15

m',ﬁév can be further simplified if the terms proportional to

mminCZ _52 \/(mmln 2+|Am2 |(1_252 )
ce 713 ISV ee 2 2 (38 |AmZ are negligible or more specifically if

1-2s%,

low__
NS

max) 2 2 4 _ A
On the other hand, ifn"<./Am2,s2,, the lower bound on (mee’)?> | Am3gl(cos' 261,615~ 51)
m, does not exist. This can be understood taking into ac-
count that this condition is compatible with;=0. In par-
ticular, from Eq.(26) one has )., < JAmZ,s2,, which
means that fom{i"<\/Am3,s3,=0.0025eV the value afn,
is not bounded from below. The expressions fofy and  If this is the case, one gets

(mIe)?>|Am3y (1—2s%y). (39)
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@) (b)

mUP=2.2 eV (Troitsk+Mainz) m“P=0.23 eV (WMAP+2dF)
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1 |
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FIG. 2. (a) Allowed region for the upper bound on the lightest neutrino mass for both the NNMS and INMS when the Heidelberg-
Moscow resultme.=<(0.35-1.24) eV is taken into account. The horizontal dash-dotted line indicates the bount eet by the Troitsk
and Mainz experiments. The vertical dashed lines delimitﬁgeanges given in Table |, and the vertical dotted line corresponds to the
best-fit value 522) ge=0.3. The limit onm"? imposed by the WMAR- 2dF results is also showiib) Values of $ 2) max under which the
boundsm“P=2.2 eV (Trotsk+Mainz) and m“P=0.23 eV (WMAP+2dF) can be improved for a givemgs". The horizontal dash-dotted
lines delimit the presently allowed regions fsf2 at 99% C.L. and the vertical dotted lines correspond to the sensitivities of future
(BB)og,-decay experiments.

IS
up Meg | MEe"S M= C5(1—25%,) M3+ [Am3,| — masTy,
mys™= 2 2 (40) 2)
COS 201,Ci3—S13
and
min IS
_ miN<m'S< \/mZ+|AmZ,| (43
| ee 3 3211
mig=may, (41

which show thatm{fy strongly depends on thé,, angle
while m% is only aﬁected by the value oh™"". Equivalent
expressions can be found for the INMS considering that ~ for ml®>/Am3,s3,. These inequalities imply

. MM¥S2.+ c0S 201,025\ (MIP)2— | Am3,| (coS 20,675~ 313)
mP= (44)
coS 26,015~ S15

M2~ /(mTM2—[Am?, (45  therefore only an upper bound on the neutrino masses can be
set. In order to compute it we can use the first expression in
Eqg. (40) for both NNMS and INMS since for this range of
which reduce to the expressions given in &) in the limit ~ mge~the first mequallty in Eq(39) is verified. Therefore, we
where the terms proportional tdm3,| can be neglected. It WI|| denote bothmys and mi& just by m"P. In Fig. 2(a) we
can easily be seen from the above expression thamnffif ~ show the allowed reg|on f0|m“p as a function ofs?,, ob-

S‘/|Am322|max20-06 eV there is no lower bound omy in the ~ tained for s7,=0.05. Taking into account the Troitsk and
INMS case. Mainz bound orm“? and the 99% C.L. allowed range fsf,

Let us now discuss the implications of the Heidelberg-one can conclude thangg <1 eV. This can be seen putting
Moscow experimental result given in E(L2) on the values s3;=0. 05 andmii=2.2 eV in Eq.(40). Using the best-fit
of neutrino masses. In this casg,=<(0.35-1.24) eV and value s3,=0.3 and the bound9) one getsml®*<0.9 eV.
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10* ——— - correspond to the values ofmly for mn

M =0.05,0.11,0.4 eV. We can see that the lower bounds on the
- lightest neutrino mass in each case obey the relatigy
=mJy', as already shown in Eq41). Consequently, the

0.11eV<m_ <0.56 eV
ee
ee !

lower bound ofm, given in Eq.(16) is in conflict with the
] WMAP result. Considering the result$4) and(15), together

|
|
|
|
|
|
1
10° - - -~ l
|
| with the cosmological bound on neutrino masses, one has for
1
|
1
|
|
!
|
|
|

\
e G (|

the NNMS

m, (eV)

0.05 e\ =m;=0.23 eV. (47)

the above results obtained far? remain valid, as already
T 9%CL— discussed before. However, the situation changemﬂW in

L : ‘ L the sense that now the lower bound on the lightest neutrino

0 005 01 015 02 025 03 035 04 045 05 mass may not exist. Considerin@’ei”=0.1,0.4 eV we obtain

) . i
2 m2'=0.1,0.4 eV since for these values mf" we can ne-

2 .
FIG. 3. Allowed ranges for the lightest neutrino masgin the glect|Amy| in Eq. (45). On the other hand, from E¢45)

2 . .
NS case, when the latest results of the Heidelberg-Moscow exper@nd the SlK" K2K allowed ranges foAmg, given in Eq.(6)
ment are considered. The shaded region corresponds to the inten@ne hasm2'<1.1x 103 eV for mgy'=0.05.
of mee given in Eq.(14) and the dash-dotted and solid lines to the

ranges(lS) and(16), respectively. V. CONCLUSIONS

w
N N S Regarding the inverted neutrino mass spectrum, we note that
2

10°

Consideringm,.=<0.35 eV one can see that the valuenoP In this paper we have focused on the implications of the

extracted from 8B),, decay is smaller than the Troitsk and available data fromg43),,-decay experiments in the light of
Mainz bound fors?,<0.4. Alternatively, withs?,=0.3 and the latest neutrino oscillation and WMAP results. We have

$2,=0.01 we gem®=0.9 eV form™=0.35 eV. From Fig. briefly commented on the possible occurrence of cancella-
2%2) we can also see that the bouﬁ%sm‘ﬁ are always more tions in the effective Majorana neutrino mass parameter tak-
conservative than the WMAP bound ing into account the allowed ranges for the neutrino oscilla-
. . 0 ? :
The sensitivity tam,, is expected to be improved by sev- tion parameters at 99.A’ C.L. given in Re[§3,24]. We
conclude that cancellations are only possible for the HI neu-

eral future experiments like the NEMOS experim¢ag], (tjrino mass spectrum. However, this is no longer true if one
hich h k I h RICING . . oo
which has started to take data last year, and the CUORIC relies on the best-fit values given in E@g), (9) and Table |

project [39] to be operative this year. Other experimental

setups are being planned or under construction with the goélmce in this case the condition¢~0 cannot be fulfilled for
of reaching sensitivities ofn,.~0.01 eV [40]. Taking this 2" of the neutrino mass schemes considered here. As for the

into consideration, it is interesting to analyze how these up_eﬁractlon of dneutrlrgjotmass Eounds frortr;]trt]e pkr].eiset?]tly a\{altl)-
coming experiments can improve the present bounds'¥n able (88)o,-decay data we have seen that, while the estab-

It can be shown that in order for this to happen the foIIowing"S_hment of an upper bound on the mass of the lightest neu-
condition has to be verified: trino strongly depends on the valuesig, the lower bound

is only sensitive tom(y', for the NNMS. In particular, the
, 1 M4 ] AmZ,| + (m“P)?s2, range 0.05 e¥.m;=<0.23 eV is obtained if one considers
STo= > 1- " > the intervals form,, given in Egs.(14)—(16) together with
mH(1-siy) the WMAP bound. In the INMS case, the knowledge of
maxs up . .2 |AmZ,| may be relevant for the lower bound on the lightest
1 Mo /MYP+s75 5 32 RSN R
= 1-————————| =(59) maxs (46)  neutrino mass since in this case the lower boundngrmay
2 (1—82y not exist if a*+50% uncertainty in the nuclear matrix ele-
ments is taken into account. We have also discussed how the
where the last expression corresponds to the limif, upcoming (38)o,-decay experiments may improve the
> \/|Am322|. In Fig 2(b) we show the dependence oa‘ﬂ)max WMAP result and concluded that, again, the key point relies
on the values ofngg* for m"P=2.2 eV (Troitsk+Mainz) and  on the measurement ef, which is expected to be improved
m“=0.23 eV (WMAP+2dF). The vertical dotted lines in- by the future KamLAND and BOREXIN(®41] data. Never-
dicate the sensitivities of some futur@g),,-decay experi- theless, a sensitivity ah.,~0.09 eV is required if the best-
ments. fit value s7,=0.3 is considered. Finally, we would like to
Turning now our attention to the evidence fof#),,  remark that the cosmological bound on the absolute neutrino
decay reported by the Heidelberg-Moscow Collaboration angnass scale has important consequences for the future pros-
taking into account thenee ranges given in Eq914)—(16),  pects in the study of £8),,-decay searches. On the other
we can use Eqg35) and(36) to compute the values ofils  hand, the boundn;<0.23 eV is not encouraging for the

and mg¥ which are shown in Fig. 3. The horizontal lines KATRIN experiment which will be sensitive tom
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