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Abstract

We show that a large class of sets of leptonic texture zeros considered in the literature imply the vanishing of certain CP-odd weak-be
invariants. These invariant conditions enable one to recognize a flavour model corresponding to a set of texture zeros, when written in an arbit
weak-basis where the zeros are not manifest. We also analyse the réle of texture zeros in allowing for a connection between leptogenesis
low-energy leptonic masses, mixing and CP violation. For some of the textures the variables relevant for leptogenesis can be fully determine
terms of low energy parameters and heavy neutrino masses.

0 2005 Elsevier B.VOpen access under CC BY license.

1. Introduction

The evidence for nonvanishing neutrino masses provides a clear signal of physics beyond the Standard Model (SM), since in
SM neutrinos are strictly massless. The simplest extension of the SM which allows for nonvanishing but naturally small neutrir
masses consists of the addition of right-handed neutrinos, leading to the seesaw meftanism

In general, the seesaw mechanism framework contains a large number of free parameters, in fact many more than measul
guantities at low energies. In the literature, there have been various attempts at reducing the number of seesaw parameters ¢
by introducing texture zeros and/or by reducing the number of right-handed neutrinos to two. One could be tempted to follow
bottom-up approach, using the observed pattern of lepton masses and mixing to infer about the appropriate set of texture ze
Unfortunately this approach is not feasible, since texture zeros are not weak-basis (WB) invariant. This means that a given se
texture zeros which arise in a certain WB may not be present or may appear in different entries in another WB. Indeed, each tex
zero ansatz corresponds to an infinite set of leptonic mass matrices, related to each other by WB transformations. Needless tc
two sets of leptonic mass matrices related by a WB transformation contain the same physics. This raises a number of questi
such as:

(i) How can one recognize a flavour model corresponding to a set of texture zeros, when written in a different WB, where tl
zeros are not explicitly present?
(i) Do the sets of texture zeros considered in the literature imply the vanishing of certain WB invariants?
(iif) Can the physical content of a particular texture zero ansatz be expressed in terms of relations involving WB invariants?
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In this Letter, we address some of the above questions and in particular we show that some of the sets of texture zeros consi
ered in the literature imply the vanishing of certain CP-odd invariants. Conversely, we show that starting from arbitrary leptonic
mass matrices and imposing the vanishing of certain CP-odd invariants, together with the assumption of no conspiracy among tt
parameters of the Dirac and Majorana neutrino mass terms, one is automatically led to given sets of texture zeros. The relevance
CP-odd invariants in the analysis of texture zero anséatze was to be expected, since texture zeros lead in general to a decrease in
number of independent CP-violating phases.

This Letter is organized as follows. In Sectidnwe describe the framework and set our notation. In Se@jame reexamine
the connection2] between leptonic low energy physics and leptoger{8%isn the case of one texture zero and two right-handed
neutrinos. In Sectiod we study the relation between CP-odd WB invariants and texture zeros. Finally SBat@rtains our
conclusions.

2. Framework

Let us consider the above mentioned extension of the SM which consists of the addition of one right-handed neutrino per fermior
generation. After spontaneous gauge symmetry breaking, the following leptonic mass terms are generated:

Ly = —|:1)ng1)2 + EUgTCMRvg —I—l%mll?{| +h.c.= —[En{CM*nL +lgmll9e:| +h.c, (1)

whereMpg, mp, andm; denote the right-handed neutrino Majorana mass matrix, the neutrino Dirac mass matrix and the charged
lepton mass matrix, respectively, with = (v(L’, (vg)“) a column vector. The matrid is given by

0 mp
= . 2
4=y ) @
Itis always possible to choose a weak basis (WB) where the matvigeendm; are both real and diagonal. The diagonalization
of the 21 x 2n matrix M is performed via the unitary transformation

vIM*V =D, 3)

whereD = diagm,,, m.,, m,;, M,,, M,,, M), with m,, andM,, denoting the physical masses of the light and heavy Majorana
neutrinos, respectively. By writing andD in the following block form:

K R
v = ( X T) , @
d 0
b= (o D) ®)
the leptonic charged current interactions can be written in terms of mass eigenstates as
Ew=—%(li_LVMKijij +liLyuRijNj )W" +h.c, (6)

wherev; and N; denote the light and heavy neutrinos. Since the right-handed neutrino Majorana mass ter(8)is $l¢1)
invariant, the scalé/ of My can be much larger than the scalef electroweak symmetry breaking. Assumib > v2 the light
neutrino masses are obtained to an excellent approximation from:

UlmesU* =d, 7)

wherenmest = —mDMRflmZ. The natural suppression of the eigenvalues gf is the crucial point of the seesaw mechanism. The
unitary matrixU, obtained from Eq(7) is the so-called Pontecorvo, Maki, Nakagawa and Sakata nfjdjrand coincides withk
in Egs.(4) and (6)up to corrections of ordar?/M?, which we shall ignore under the above assumption.

In the WB wheren;, My are diagonal, all mixing and CP violation are containeg i which is a complex X 3 matrix. Three
of its nine arbitrary phases can be eliminated by the simultaneous rephasing;qfso one is left with six CP-violating phases.
Therefore, the three eigenvaluesMf, together with the 15 parameters:af, give a total of eighteen parameters. This is to be
compared with the nine parameters contained in the low energy data, namely the three mixing angles and three CP-violating phas
contained inlU,, together with the three light neutrino masses.

The fact that there are many more parameterg jj) Mr than measurable quantities at low energies makes it impossible, in
general, to derive the seesaw parameters from low energy data. A particularly fascinating question is whether it is possible to rela
the size and sigfb] of the observed baryon asymmetry of the universe (BAU) to low energy CP violation, in a framework of
baryogenesis through leptogenesis. It has been pointed out that this is only possible if further assumptions are introduced. This c:
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be readily seen by noting that, from E@) and the definition ofnes, the matrixm p can be parametrized §8)

mp =iU,VdG+/Dg €
with G an orthogonal complex matrix/Dx a diagonal real matrix verifying the relatiodDg+/Dg = Dr and+/d a real matrix

with a maximum number of zeros such thﬂ\/ﬁT = d. Note thaty/d is not always a square matrix, as can be seen in Segtion
From Eq.(8), it follows that

mgmgz— DRGT\/ET\/C_ZIG\/DR. 9)

Since the CP-violating phases relevant for leptogenesis are those conta'm%@hiﬂ [7], it is clear that leptogenesis can occur
even if there is no CP violation at low energies, i.e., no Majorana- or Dirac-type CP phases at low g8grgies

In the literature there have been various attempts at reducing the number of seesaw parameters by considering so-called mir
scenarios. Models with only two right-handed neutrinos immediately lead to one massless light neutrino, whereas models with o
one right-handed neutrino would require two of the light neutrinos to be massless and are, therefore, ruled out in the context of t
| seesaw, where no Higgs triplets are added.

3. Example with one texture zero and two right-handed neutrinos
In this section, we reexamine the connection between leptonic low energy physics and leptogenesis, in the case of one tex

zero and two right-handed neutrinf®. From the definition ofnes, it can be readily realized that in the case of only two right-
handed neutrinos, one of the light neutrinos is massless and one has

0
UlmegU* = ( m3 ) . (10)
m3
Let us assume now thatp has one texture zef@0] and write it in the form
ap O
mD=<b1 b2> (11)
c1 €2

with arbitrary nonzero entries, in the WB wheng and My are diagonal and real. Let us writgp as in Eq(8), taking into account
that in this case, the complex orthogonal matrixs two-by-two and can be parametrized by

cosZ &+sinZ
G=( (12)
—sinZ +cosZ
with Z complex. We use the following parametrizatidi] for U,:
€12€13 §12€13 513
Uy = | —s12c23 — c12523513¢®  c12c03 — s12s23513¢"0  s23c13e’® | - P, (13)
512523 — C12¢23513¢°  —c12523 — s12023513¢"° 230130

wherec;; = cost;j, s;; = sing;; and P = diag(1, ¢/ 1): § is a Dirac-type phase and is a physical phase associated to the
Majorana character of neutrinos. In the general case, with three nonzero neutrino masses, two Majorana phases would be pres
In the case of only two right-handed neutrinos one has

0O 0 O 0 0
d:(O my o), JE:(,/—mz 0 ) (14)
0O 0 m3 0 Jm3
From Eq.(8) we then obtain
mpi1 =1iUy;2/m2(COSZ)\/ M1+ iU, ;3/m3(—SinZ)/ M1, (15)
mpi2 =iUy;0/m2(E£SINZ)y/ M2 + iUy ;34/m3(£ COSZ)/ M>. (16)
The zero entry innp implies
slzclgei%a/mz(:t sSinZ) + s13¢/m3(+=cosZ) =0 a7)
so that
0l 7 — sfchsp sinZ s13e12 (18)

52,0220 + 52,070 cosZ 512€13,/P
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wherep = my/m3. Thus the zero texture in the matrixp allows for a full determination the matri&, up to a reflexion, in terms
of low energy measurable quantities. From E9), it is clear that knowledge afi enables one to obtain the phases appearing in
mTDmD which are the ones relevant for leptogenesis. Therefore, the presence of the texture zero leads to a connection betwe
leptogenesis and low energy measurable quantities.

Itis instructive to consider the case of a degenebéte The expression fcm}r)m D, Obtained from Eq(9), becomes particularly
simple

t szcigpz + sfg i\/ﬁslzclsslg(pef""‘/z _ ei“/z)
mDmD = N ) - (19)
he. $130 + 515C13P
with A given by
1 . .
N=Mm 513 —ia)2 o0

3 Withi=—" ¢ ,
(s12c13/P )2V (1 + A2)|? 512€13./p

where M denotes the common heavy neutrino mass. This simple example illustrates again the réle of texture zeros in enabling
to establish a connection between leptonic low energy physics and leptogenesis. Of course, exact degeneracy would have to
lifted in order for leptogenesis to be possible. Almost degeneracy among heavy neutrinos leads to the very interesting scenario
resonant leptogenedis2]. Ibarra and Rosp] have analysed in detail the predictions from models with one and two texture zeros

in mp in the case of two right-handed neutrinos, including the constraints on leptogenesis and lepton flavour violating processes
As pointed out in Ref[9], the case of only one texture zero has the special feature of fixing the rgatwikhout imposing any

further restriction on light neutrino masses and mixing. This is clear fronf@&hich shows that each zero on each columm gf
corresponds to an orthogonality condition between that column of the ndatixd the corresponding row of the mattif/d:

(mp)ij=0:  (Uy)u~duGi; =0. (21)

With one zero inmp this equation has always a solution for alily and+/d of the form given in Eq(14), independently of the
hierarchy betwee/; and M,. Obviously, the réle of texture zeros is to introduce restrictions which lead to the decrease in the
number of independent seesaw parameters. In particular texture zeros lead to a decrease in the number of independent CP-violat
phases.

As we have previously emphasized, texture zeros are WB dependent, in the sense that a texture zero present in one basis n
no longer exist in another WB. One may wonder whether it is possible to translate particular texture zeros into restrictions on the
seesaw parameters expressed in terms of WB invariants. The fact that texture zeros lead in general to a decrease in the numbe
CP-violating phases, provides a hint that CP-odd WB invariants may be useful for introducing restrictions on the seesaw parameter
In the next section we address this question.

4. On therelation between CP-odd WB invariants and texture zeros

We start by recalling how CP-odd WB invariants can be constructed by studying the CP properties of the present minimal
extension of the SM, which leads to the leptonic mass terms oflqThe starting point consists of writing the most general CP
transformation which leaves invariant the gauge interactions. It can be readily seen that the CP transformation is given by

crocpt=u0ciO7,  crdcP’=vy°chT,
cPlcP =u%0?", PP’ =wy°cnyT,
CPW,F(CPT = — (-1 w,, (22)

wherelU’, V', W' are unitary matrices acting in flavour space. The inclusion of these matrices reflects the fact that in a WB, gauge
interactions do not distinguish the various flavours. Invariance of the mass terms under the above CP transformation, requires th
the following relations have to be satisfied:

W/TMRW/=—M;}, U’TmDW’zm*D, U’Tle’sz. (23)

From Eqs(23)one can deriv§l3] various CP-odd WB invariants, which are constrained to vanish if CP invariance holds, following
the procedure first outlined in Rdfl4]. This procedure has been widely applied in R&8] to the study of CP violation in many
different scenarios. An example is the following condition:

Tr[meﬁmzﬁ, h1]3 =0, (24)

whereh; = mlm;. This condition is satisfied in the limit of no CP violation of Dirac type, at low energies.
CP invariance requires the vanishing of certain WB invariants. In the minimal seesaw model which we are considering, with
an equal number of left-handed and right-handed neutrinos, in general the number of CP-violating phase$ equalghere
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n denotes the number of lepton flavours. In the presence of flavour symmetries leading to texture zeros and/or relations am
parameters, one may have a smaller number of CP-violating phases and some of the CP-odd WB invariants may automatic
vanish.

Next we analyse the possible connection between texture zeros and the vanishing of certain CP-odd invariants, in the case
two and three right-handed neutrinos.

4.1. Two right-handed neutrinos and two texture zeros

In the case of two right-handed neutrinos all ansatze with two texture zerap inave been studied if9]. It can be readily
verified that in all two texture zero ansatze the following WB invariant condition is satisfied:

I]_Etr[mDM;MRmTD,hl]szo. (25)

One may ask whether the converse is also true, i.e., whether the imposition of the conditio(2&f) Bg.arbitrary complex leptonic
mass matrices automatically leads to one of the two zero anséatze classified/ife show that Eq(25), together with a reasonable
assumption of no conspiracy among the parameterspofnd those oM, does require the matrix p to have two texture zeros
in the WB where bothifiz andm; are diagonal real. Note that the hypothesis of “no conspiracy” is quite natural;smead M
originate in different terms of the Lagrangian.

In order to fix the notation let us write

rLooo1 o2
mDM;EMRm}B =|of r2 a3, (26)
ay ai 13
wherer; are real andy; are complex elements, which depend on the heavy right-handed neutrino masses and the matrix eleme
of mp. Writing

a az
sz[bl b2:| (27)
c1 C2

we obtain for they; in Eq.(26)

a1 = Mlzalbi + Mzzazb; ap = Mlzach + M%azcﬁ, a3 = belcf + Mzzbzc; (28)
The WB invariant/1, calculated in the WB whera; is also diagonal, is given by

I1=6i (mf — mi)(mf - mg) (mi - m?) Im[a1a3aa]. (29)

Clearly,/; = 0, ifand only if one of they;’s is equal to zero or else the's have cyclic phases in such a way thafafigsas] =0, .
If one adopts the above “no conspiracy” hypothesis, it is clear that the solutions where one$ tfamishes, would require that
each one of the two zeros contributing to thashould vanish. It can then be readily verified hat solutions of Eg).in which one
of theq;’s vanishes, correspond to textures with one zero in each column.

For example the requiremesi = O is verified in the case of the following fourp textures:

0 0 0 a» ai; O ay az
[bl bz], [bl o], [o bz] [o o] o)
c1 €2 c1 C2 c1 C2 c1 C2

All other possible textures with one zero in each column correspond to eithel0 or oz = 0. We consider now the solutions of
Eq. (25) corresponding to cyclie;’s. It can be readily verified that cyclic solutions correspond to textures with two zeros in the
same column. Indeed, textures with two zeros in the first column eliminate the termM@iWhilst terms with two zeros in the
second one eliminate the terms witi?. An example is

0 a»

|: 0 b21| , o1 = Mzzazbg, oy = Mzzazcz, o3 = M22b2C§ (31)
€1 €2

which obviously leads to afgia;as] = 0.

All the fifteen different textures with two zeros inp are thus obtained from the invariant conditibn= 0, together with the
“no-conspiracy” hypothesis. The low energy predictions arising from all these textures were analysed[®}, Réfere it was
shown that only five of them are allowed by present experiment. It was also pointed[Bltliat in general texture zeros imp
may appear in a weak basis where neithgr nor m; are diagonal. Implications for low energy physics in the case of nondiagonal
My were also discussd8l], under certain restrictive assumptionsman At this stage, it is worth noting that there are other CP-odd
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WB invariants which vanish for all the two zero textures considered above, even if they arise in a basisfwhereot diagonal.
An example is the following WB invariant condition:

I'=tfmpm’, m]* =0 (32)

which is verified for any texture with two zerosimp in a WB wherem; is diagonal, whileMy, is arbitrary.

It should be pointed out that two zerosiityp, in the WB whereM i andm; are diagonal, still allow for CP-violation. In fact,
with two zeros irnm p one can only eliminate at most two independent CP-violating phases out of the three present in the general
case, with two right-handed neutrinos. As a result, not all CP-odd WB invariants vanish in the case of two texture zeros. An example
of a CP-odd invarianitl3] which does not vanish is given by

1" =1mtr[(mhmp) MMM (mmp)* M]. (33)
In the WB whereMy, is diagonal, it can be written as

1" = MiMa(M3 — M%) Imh2,, (34)
where

hi2= (mLmD)lzzafaz—l—bibg +cje2 (35)

so that Im:2, can differ from zero in the case of two texture zeros. This invariant is sensitive to the comb'm%tiﬂ)ﬁ which is
relevant for leptogenesis. Furthermore, two texture zerasjralso allow for CP violation of Dirac type in the leptonic charged
weak currents. This can be seen from the condition written in(Z).

4.2. Threeright-handed neutrinos and three texture zeros

Let us now consider the case of three right-handed neutrinos and analyse the conditions under which thel/invanishes.
In this casenp is a three-by-three matrix which can be written as

aip az as
mp = |:b1 b> bg] . (36)
c1T C2 C3

The parameters; of Eq.(26) are now given by

a1 = Mlzalbf + Mzzazb; + Mgagbg, ar = Mlzalcf + Mzzazcé + M%agcg,
@z = M2b1ck + M2bach + M2bsc} (37)

for My diagonal. Eq(29) remains valid in the WB wher; is also diagonal. There are, as before, two types of possible solutions.
Solutions in which one of the;’s is zero (irrespective a#fg) are all those corresponding to three zeromjsrone in each column
leaving one row without zeros, as for example in

0 O a3 0 ar a3z ay a as
|:b1 b 0} (1 =0), |:b1 b bs] (a2 =0), |:b1 0 b3:| (3 =0). (38)

c1 c2 3 c1 0 O 0 ¢ O
Solutions with three zeros in the same row would lead to one vanishingut they are physically unacceptable since they corre-
spond to the decoupling of one generation at low energies.

Any one of them p matrices with three zeros has six real independent parameters and three independent CP-violating phase:
Furthermore, we have three Majorana maskles M2, M3. This is to be compared to three light neutrino masses, three mixing
angles and three physical CP-violating phases at low energies.

In addition to the solutions in E¢38), we obtain a set of cyclic solutions, similar to the case of two right-handed neutrinos in
EqQ.(31), such that arfgryara3] = O but withe; # 0. However, these solutions correspond to four texture zeros and therefore will be
discussed in the following subsection, which is dedicated to the study of the connection between low and high energy CP violatior
in the context of models with four texture zeros.

4.3. Threeright-handed neutrinos and four texture zeros

Cyclic solutions of Eq(25), in the case of three right-handed neutrinos, require, for arbitrary phaseg,ifour zeros in this
matrix. In this case one column has no zeros, the other two columns have two zeros each, as for example in

0 O a3 0 a2 O
[bl 0 bg] [o P bs] @)

0 ¢ c3 c1 c2 O
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Cyclic solutions where all zeros are grouped in one square, i.e., one column and one row have no zeros, are physically unaccept
as they lead t@/;1 = 0 for some;.

For cyclic solutions of Eq(25), thus having four texture zeros, the number of parametersyitis much reduced. One has five
real parameters and two complex phases j In particular, for the nonsquared cyclic solutions in E2R), one may easily find
the connection between leptogenesis and low energy physics. Let us consider as an example, the first mat3®)im &eja; , b;
andc; in mp can be expressed as functions of the neutrino masses, mixing angles and CP-violating phases th(Budh tdis
example, the matrix; can be fully determined by E§21) due to the existence of four zeros. With three right-handed neutrinos the
matrix v/d is diagonal with nonzero entriegm; and we have, e.g.,

(mp)12=0:  (Uy)u/miGi2=0 (40)
leading to

(G = (81jk (U)1) /M5(Uy) 3k /M )Nil, (42)

(G2)i = (e1jx (Uy) 1) /M5 (Uy) 2/ Mk )Niz, (42)

(Ga)i = €ijx(G1) (G2 = N%(Uv)wm_i (no sum ini), (43)

where the@i are the columns of the matri¥ and theN; are complex normalization factors, with phases suchcﬁj’ai: 1.
Let us now consider the nonzero entriesgf, for exampleb1, which corresponds to

(mp)or= b1 =i ((Uy)2xv/mr ) Gray/ M. (44)

Once theGy; are replaced by the explicit formulas obtained above, the coefficienigspotan be fully expressed in terms of
physical quantities only, up to nonphysical phases which can be rotated away.
In this example we have

azMz?t azbsM3*t azcaMyz*
I 1 20,1 2151 _1
Meff =mMp DmD = | asbsMz~ biM; "+ bsM; bacaMy . (45)
a303M3_1 b363M3_1 c%MZ_l + c%M?,_l

Only five entries innes are independent. We can reldteqf)23 to other entries by

(meff) 11(Mmeff) 23 — (Meff) 12(Meff)13 = 0. (46)

This relation implies low energy constraints and furthermore guarantees the orthogonality of columns one and two of tiig matrix
as defined above. It is clear from the definitiomafi that G does not play any réle in low energy physics. However in the matrix
mLmD, which is the matrix relevant for leptogenesis, the elements pfay an important réle since they do not cancel out. In this
example, there is a strong relation between leptogenesis and low energy physics due to the ¢acathae fully expressed in
terms of measurable low energy parameters. With four texture zeros, there are constraints in the low energy physics which re
from the reduction of the independent parametersdp as expressed in this example by E46). This relation excludes scenarios
with direct or inverse hierarchical light neutrinos, i.e., the case of one neutrino mass much smaller than the other two. Likewise,
the three zero textures of Sectidr®, there are also low energy constraints which in this case translate into the existence of one zer
in one of the off-diagonal elements @t (and its symmetric entry). For instance, for the first matrix in @8), corresponding to

the caser; = 0, one hagmesr)12 = 0, or equivalently

m1U11U21 + maU12U22 + m3U13U23 = 0. (47)

In Ref.[16] the stability of zeros in neutrino mass matrices under quantum corrections, in type | seesaw models, has been stud
It was found that some of the two-zero textures for the neutrino mass matrix that have been classified as incompatible with exp
mental data, are not excluded. A detailed study of the phenomenology of three and four texture izgris lreyond the scope of
this Letter.

Four texture zeros may also be obtained from the solutions with three texture zeros considered in the previous subsectio
which one of thay;’s is zero. However, for these cases, the extra zero has to be imposed by demanding that a new ipvariant
vanishes. Taking

L=t[MiMg, mbmp]® (48)

1 with respect to the cyclic solutions, we do not need to consider this invariant, as they automatically sh@y
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and computing’; for, e.g., thex; = 0 case in Eq(38), one finds
I = 6i(M3 — M3) (M5 — M?) (M2 — M?)|c3l® Im[bjbacic}]. (49)

It is clear thatl, = 0, if one of the parametet$1, bo, c1, c2 vanishes. The case = 0 is of no physical interest as it leads to
vanishing solar neutrino mixing, which is clear by computimg;. Taking, e.g.¢1 = 0, one then obtains fon p

0 O a3z
mp=|by by O (50)
0 ¢ «c3

which has 4 texture zeros.
It is interesting to note that imposing equal to zero, irrespective of conditidgn= 0, for nondegenerat¥;, requires:

Im[(mLmD)12(mJ{)mD)31(szr)mD)23] =0, (51)

where
(m}‘)ml))12 =ajaz+ biba + cjco, (mEmD)13 =ajaz+ bibz+ cjcs, (mLmD)23 = ajaz + bsbz + ce3, (52)

Matricesm p, with three zeros, one on each row leaving one column without zeros, such as

0 ax a3 ai a2 O ai 0 a3

[ 0 b b3:| , [ 0 b bg] , [bl 0 b3:| (53)
ct 0 «c3 0 ¢ c3 c1 ¢c2 O

verify this condition. These matrices are the transposed of the solutions found in Se2tion

5. Conclusions

We have shown that CP-odd WB invariants can be useful in the analysis of lepton-flavour models with texture zeros. In particular
we have pointed out that there is a large class of sets of texture zeros considered in the literature which lead to the vanishing ¢
certain CP-odd invariants. Conversely, it was shown that starting from arbitrary complex leptonic mass matrices, the imposition of
the vanishing of certain CP-odd invariants together with a reasonable assumption of no conspiracy among the parameters of
and My, automatically leads to given sets of texture zeros. These WB invariants enable one to recognize models characterized k
texture zeros im p in the WB wheren;, Mg are diagonal, when these same models are written in a different WB where the texture
zeros are not manifest.

We have also discussed the role of texture zeros in allowing for a connection between leptogenesis and low energy data, sut
as leptonic masses, mixing and CP violation. We have done the analysis in the context of two, three and four texture zeros. Th
crucial point is the fact that in the presence of texture zeros, the m@tdefined in Eq(8), can be expressed in terms of low
energy parameters. Recall ti@aenters irm};mD which in turn plays a crucial rdle in leptogenesis. Furthermore texture zeros lead
in general to specific predictions at low energies.

An important step towards the understanding of the flavour puzzle would be finding a theoretical framework which would
naturally lead to the vanishing of the CP-odd invariants considered in this Letter or else to specific texture zeros.
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