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Neutrino masses from operator mixing
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We show that in theories that reduce, at the Fermi scale, to an extension of the standard model with two
doublets, there can be additional dimension five operators giving rise to neutrino masses. In particular there
exists a singlet operator which cannot generate neutrino masses at the tree level, but generates them through
operator mixing. Under the assumption that only this operator appears at the tree level we calculate the
neutrino mass matrix. It has the Zee mass matrix structure and leads naturally to bimaximal mixing. However,
the maximal mixing prediction for solar neutrinos is very sharp even when higher order corrections are
considered. To allow for deviations from maximal mixing a fine-tuning is needed in the neutrino mass matrix
parameters. This fine-tuning relates the departure from maximal mixing in solar neutrino oscillations with the
neutrinoless double beta decay rate.
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The simplest model for neutrino masses is based on theumber, which is violated in two units. In the SM, lepton
seesaw mechanispi—3]. In the seesaw mechanism the stan-number is conserved because the requirement of renormaliz-
dard model(SM) is enlarged with singlet right-handed neu- ability and the small particle contefo right-handed neu-
trinos. Then, a Dirac mass terMy mixing left-handed and trinos, no triplet scalars, ejcbut as long as the spectrum is
right-handed neutrinos is possible. In addition, since rightenlarged there is no strong reason for lepton number conser-
handed neutrinos do not carry any gauge charge, they caration. Operatofl) makes this statement explicit. Therefore,
have a Majorana madd z without compromising the gauge this operator will be generated in any extension of the SM
symmetry. If the right-handed Majorana mass term is verythat does not conserve lepton number.
large, as expected for a singlet mass term, very light Majo- When the Higgs scalar develops a vacuum expectation
rana neutrino masses for left-handed neutrinos are obtainedlue (VEV), operator(1) will give rise to a neutrino Majo-
through the diagonalization of the full mass matrix of neutralrana mass matrix given by
fermions,m,= MZD/MR, thus justifying the small size of the
neutrino masses. Since the Dirac mass term is proportional to M —F v @)
the standard Higgs vacuum expectation value, this mecha- A
nism provides masses which aneﬁA,Z:/A, Af being the
Fermi scale and\ the lepton number breaking scale. This with v=(¢(®)=174 GeV, the SM Higgs VEV. If we take
type of behavior is much more general and, in fact, manythe largest eigenvalue df to be of order 1 and use the
neutrino mass models can be cast into this form. This can bkaboratory bound on the-neutrino massm, <18 MeV, we

understood in the following way: if the SM is just the low- find thatA>10° GeV. Should one take the value suggested
energy effective manifestation of some underlying theoryy, atmospheric neutrino data, ~0.06 eV, one would ob-
the effects of new physics can be represented by a series ol \ g 1514 Gev, a scale which is close to the unifica-

gauge-invariant operators containing the SM fields with,. ; . .
) . . tion scale; physics at very high-energy scales could affect
higher dimension operators suppressed by powers of th i .

. ; ow-energy physics in a measurable way through neutrino
scale of new physicgd—6]. At low energies, the most rel- masses. However the relationship betwadeand masses of
evant operators will be those with the lowest dimension, ” "ationsnip :

new particles can be quite different from the naive expecta-

namely, dimension five operators. One can easily see th : . . !
; ) ; ; .~ . 1lons. For instance, it seems that the Lagrangian of(Exjs
there is only one gauge-invariant operator of dimension five

; . . generated by the exchange, among the leptons and the
one can build with the field content of the standard m8el Higgses, of a scalar triplety, with hypercharge 1. Then,

11 . 1/Aw,u/m)2( with u the trilinear coupling of the triplet with
Lecesai™ — = —(fF ;|)('(}T;¢), (1) the Higgs boson doublets. However, this is not the only pos-
4 A sibility. In fact, Eq.(1) can be identically rewritten, after a
SU(2) Fierz transformation, as

N

where | is the standard left-handed doublet of leptohs,
=i7,l% 1°=CIT (C is the charge conjugation operatap is 11 - ~
the Hi T * 2 ; ; ; Lseesa — 5+ (I@)F(@'l), (3

ggs doublet angg=ir,0*, 7 are the Pauli matrices in 2 A
SU(2) spaceF is a complex symmetric matrix in flavor
spacd SU(2) and flavor indices have been suppre$sadl  which suggests the exchange of a neutral heavy Majorana
A is a scale related to the scale of new physics. It is clear th&ermion; thenA should be the mass of that fermion. Indeed,
this Lagrangian does not conserve generational lepton nunthe seesaw mechanism described above naturally implements
bers, but in addition it does not conserve the total leptorthis possibility.
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Given the full generality of this mechanism, which natu- Goldstone boson once the doubdet acquires a VEMmod-
rally relates the smallness of neutrino masses to the newls in which the lepton number is broken spontaneously by a
physics scale, it is quite reasonable to try to fit the differendoublet[10,36,37 are excluded by the invisibl& width
neutrino mass models into this description. However, this igneasured at the CERN"e™ collider LEP. Therefore, for
not always possible; on one side it can happen that neutrinthe moment we will assume the SM Yukawa couplings to
masses are generated only by operators with higher dimefeptons
sions (for a recent analysis of the different possibilities see

[7]) and on the other side models in which neutrino masses £Y=I_Yech1+ H.c. (4)
are generated through radiative corrections are also difficult
to fit in the simplest scheme. Again, SU(2) and flavor indices have been suppressedyand

In this paper, we want to show that the uniqueness of thés a 3X 3 complex matrix in flavor space. However, because
effective seesaw mechanism can be relaxed a bit if new fieldso right-handed neutrinos have been introduced in the model
are allowed at the electroweak scale, in particular in modelsind because only; couples to leptons, it can be chosen,
with two light doublets. This opens the door for a new classwithout loss of generality, as diagonal with all its elements
of effective seesaw mechanisms in which the light neutrinaeal and positive. As in the SM, neutrinos remain massless
masses are generated radiatively. This fact will allow us tdecause there are no right-handed neutrinos and because lep-
lower the lepton number breaking scale by several orders dbn number is conserved.
magnitude. In addition, as we will see, this mechanism pre- Now we will assume that this model is just the low-
dicts a very particular form for the neutrino mass matrixenergy manifestation of a more complete theory which will
which seems well suited for explaining both atmospheric andnly show up at higher energies. As discussed above, if the
solar neutrino data. This is not strange since a particulascale of new physics is high enough its effects can be be
realization of this mechanism is the Zee mop&B] and its  parametrized by operators with higher dimensionality:
variations, for instance, models with spontaneous symmetry
breaking of the lepton number by a doull&®] or models in 1
which the spontaneous breaking of the lepton number is in- Let=Lonsmt L1t ZLat - )
duced by a hyperchargeless trip[éi,12. This last class of A
models has the interesting property that the triplet does not . .
contribute to the invisibleZ decay width and that the lepton Here Lonsy represents the renormalizable Lagrangian we
number breaking VEV could be at the electroweak s¢ate Jugt_outllned, which is a minimal extension of the SM con-
bounds from red giant cooling by Majoron emissioklod- taining wo doublets. . :
els with hyperchargeless triplets have also been discussed If th? theory_at the Fermi s_cale contains two doublets, one
recently [13,14 in connection with the results of last can write four independent dimension five operaftors
standard-model fits. Variations solving the stra@@ prob-
lem can be found if15,16. All of these models predict a Lr=— li(ﬁ— (@70,

Zee-type neutrino mass matrifor a comprehensive review ! gA ! L

of extensions of the Higgs sector of the SM 44&,1§)).

Recent fits to neutrino dafdl9—23 suggest some type of 11 - - <=

bimaximal mixing which can be accommodated naturally in Lr,=—3 K(ITZTI)(‘PZT‘P2)1 ©®)

this type of model§24—27. This observation has boosted

again the interest of models with Zee-type neutrino matrix 1
[28-34. Ly=—"

In the same way that a variety of seesaw mechanism mod- 4
els can be described as a single effective operator it would be
interesting to see if this class of models and perhaps othét"
types of models with two light doublets can be described at 11
low energies with just a few operators. . Lo=—> (I SD(‘P;%)- ®)

We will assume that the low-enerdifermi scal¢ theory 4 A
is just the SM model, with no right-handed neutrinos, supple-
mented by an additional doublet. We will denote the two OperatorsCy , Ly, can be excluded by the same symme-
doublets asp; and ¢,. Then, in principle, nothing forbids try used to forbid Yukawa couplings of the doublet to the
that both doublets couple to the two types of quarks and t@ermions. For instance, one can assign lepton numbegs to
the leptons. However, it is well known that this, in general,in such a way that it does not have Yukawa couplings to
will lead to neutral current flavor changing problef®)].  fermions while the couplingsCt and £s remain allowed.
Therefore, for the moment we will consider that only one of
the doublets,¢4, couples to the fermions. This can be
achieved naturally by assigning an additional conserved iy general one also expects higher-dimension operators which
charge to the doublep,, lepton number, for example. Of could contribute to interesting processes.ag conversion in nu-
course, this additional charge should be explicitly broken irclei, u—evy, etc. For instance, when a charged scalar is integrated
the Higgs potential in order to avoid the appearance of aut all those operators appear at one 1§8§].

(T (pl7ey), @)

d
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1 ¥2 matrix itself and, therefore, cannot generate it if it did not
N ’ exist at some scale. This RGE is peculiar with respect to the
N ’ RGE we are used to seeing for the Yukawa couplings, in both
~ / the SM and the MSSM, in that there is a piece that does not
depend on th& matrix. In both the SM and the MSSM there

12 —P—Q—P—\'—P—@ﬁ— J4 are several chiral symmetries broken only by the Yukawa

v CR ¢ ! couplings that ensure that the RGE of those couplings should
‘\ i transform in a covariant way with respect to those symme-
N 1 i tries. This ensures, in this type of theory, that fermion masses

ST cannot be generated through radiative corrections. Equation

(9) is not of this type and, therefore, even if the couplifhg
did not exist at the scald at which the operators were
generated, it will arise through operator mixing. It is very
) _ ) ) easy to integrate Eq9) by keeping only the leading loga-
L(¢2)=—2 will do the job and will forbid operator£r ,  rithm [a more sophisticated integration can be performed by
[,TZ. Therefore, in the following we will only consider op- taking into account the running of the standard Yukawa cou-
eratorsC and Ls. plings, the running of theS coupling itself, and the extra

It is important to notice that the operator in H§) does ~ couplings we neglected in Eq9), however, this effect is
not exist with only one doublet because the singlet couplindligher order in the couplings and since the couplings are
of two scalar doublets is antisymmetiim SU(2) compo- Small we expect a small effectThe result is that
nents it is justej; ¢, ¢4;]. In addition, one can see that, due L
to Fermi statistics, the 83 matrix in flavor spaceT, is _ ruTaT mz
symmetric while the singlet coupling is a complex anti- T(m2)~(4ﬁ)2(SYYr+Y Y'S )Iog( T) +T(A),
symmetric matrix. (10)

When the Higgs boson fields develop a charge conserving
VEV, operatorLy gives rise to a neutrino Majorana mass. where we have identifiech, with the Fermi scale. We will
However, the singlet operatdls does not give any mass to assume thal(A) is not generated at tree level. Of course
the neutrinos because the product of the two doublets has(A) could also pick up contributions at one lotgr higher
hypercharge 1, and a singlet with hypercharge 1 also hagops. To compute them one would need to know the details
charge 1[different from the triplet combinatiori7) which  of the full theory in which our effective theory is embedded.
has neutral componerjtg=or this reason the singlet operator However, if A is large enoughT(m,) will be dominated by
does not seem very interesting at first sight. However, a veryhe model independent logarithmic piece in E0) which
interesting situation arises when, for some readonited  can be computed in the effective theory. So, as a first ap-
particle content of the full theojyonly operatoi(8) arises at  proximation we will assum&(A)~0 and further on we will
tree IeVeIZ. As commented befOI’e, it cannot giVe rise to neu-keepT(A) on|y when the |Ogarithmic pieces vanish.
trino masses after spontaneous symmetry breaking. How- After spontaneous symmetry breaking, if bath and ¢,

ever, one expects that renormalization effects will mix allgevelop a VEV, operatd(7) will give rise to a neutrino mass
operators with the same dimensionality and the same quaRnatrix for the left-handed neutrinos given by

tum numbers. Therefore, Eq®8) and(7) will mix under the

FIG. 1. Diagram contributing to the mixing of the singlet and
triplet operators.

renormalization group and operatf) will be generated at 1 m-\ v2
one loop even if it did not appear at tree level. In fact, one M, ~tanp Z(SYYUrY* YTST)|09(_Z) _1, (11
can easily see, by computing the diagram in Figadd the 4r) AJA

crossed diagrajrand taking the divergent part, that the ma-

trix T obeys the following renormalization-group equation wherev;=(@{”), v,=(¢%’) are the VEV's of the two dou-
(RGB): blets and ta=v,/v,. The seesaw structure is apparent in
the last term. The other factors, however, are also important.
d 1 First, the neutrino mass matrix comes naturally proportional
w—T=——(SYY+Y*YTS)+.... (9)  to the mass of the leptons squared which gives an important
du (4m)? suppression since lepton Yukawa couplings are small. Sec-

ond, it contains the standard loop suppression factors){4
Here, the dots represent extra contributions to the renormaknd, third, the ratio of VEV's of the second doubistto the
ization group of thel matrix which are proportional to theé  standard doublet VEV, taf=uv, /v, can give an additional

suppression factor. All together, with this mechanism one can

achieve the same neutrino masses one would obtain in a

2An example of this situation is provided by the Zee model in standard seesaw mechanism withhawhich is at least six

which a charged singlety™, and an extra doublet are introduced orders of magnitude smaller. This could put the scale of the
with couplingsiflh™ and uh~p}e,, then, for a heawsh™ one  new physics responsible for neutrino masses at the reach of
finds, at tree level, thaS/A =4uf/m? while the triplet operator the next generation of accelerators if the ratio of VEV’s
cannot be obtained at tree level. v, /v, and/or the largess; are very small. However, per-
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haps the most interesting aspect of Eki) is the structure of  take into account subdominant contributions. In fact, on gen-
the mass matrix, inherited from the antisymmetric structureeral grounds we expect modifications to the particular form
of the singlet couplings, if we choose for the Yukawa cou- of the mass matrix with all the elements in the diagonal

pling of the leptons a diagonal form we find vanishing. There is no symmetry that enforces this structure,
therefore one expects that at some point this structure will
0 Seu(Xe=X,)  SerXe—1) receive corrections. This happens, for instance, in the Zee
M,~—mg| Sen(Xe—X,) 0 S.A(x,—1) |, model, where diagonal entries are generated at two Ioops
[31]. For our purposes we can include all those corrections in

Se-r(xe_ 1) S,u,T(X,u,_ 1) 0

the initial contributions at the scalg, that is, by considering

12 a nonvanishing (A) which we could take as a general sym-
with Xe=m§/m§, XM=m2/mf and metrig matrix. Given the bimgximal mixing required by t.he
" data it is natural to parametrize the neutrino mass matrix as
; mi | ( A ) follows:
mp=tan ogl —|. - -
0 A(4m?2 9\ m; 11
. L . . . 0 —= — Yee Yeu Yer
The structure of this mass matrix is very interesting since all \/5 \/5
diagonal elements are zero and contains only three free pa-
rametergthe three elements of the antisymmetric mag)x 1
. . . . M »~Mg = 0 0 +e€ 7€u Y/J,,u yMT ’
It is convenient to rewrite it as J2
0 mg,, Mg, 1
K € T 0 0 Yer 7#7’ Yrr
M,~| Mg, O m,|. (13) 2
Me, M, 0O (15)

This form of mass matrix has been considered recently ivhere, without loss of generality we can takg,= — ve,
order to fit both atmospheric and solar neutrino d@4—  and choose one of thg's equal to one, defining in this way
27]. Let us review some of the results; in order to explainthe normalization ofe. We will assume that the first term,
solar neutrino data in terms of oscillations one needs a masgenerated by running and containing the logarithmic en-
squared difference, A, which is 10 eV?<A, hancement, is the dominant one and gives the scale of atmo-
<10"° eV2. A global analysis including the results of SNO spheric neutrinos. The term proportionaletds subdominant
suggests mixings close to maximal. On the other hand, i@nd cannot be computed in the effective theory. Its explicit
order to explain atmospheric neutrino data one needs a maf'm depends on the details of the underlying theory and it
squared difference) ,~3x 10 3 eV? and also a very large could contain one-loop contributions not enhanced by large
mixing. The particular structure of the obtained mass matriXogarithms and/or higher loop contributions, depending on
(it is tracelessimplies that the sum of the eigenvalues is zerothe underlying theory. For simplicity, we will also take all the
a fact which constrains the possible solutions. An analysis o’s as real. Notice that the mechanism suggested in this pa-
the different possibilities in terms of this mass matrix hasPer only gives a leading-order contribution with zeros in the
been carried out if24—27 where it has been shown that diagonal. The extra structure assumed in the leading mass
only the case witm, ~m,, andm,,,<m,, M, is accept-  t€rm (Mg, ~m,, andm,,~0) must be imposed with some
able. This naturally predicts maximal mixing for solar oscil- additional symmetries which, however, are not unnatural in
lations which, after SNO, seems to be the only viable possithis type of mode[8]. The modifications introduced by the
bility. In fact the Zee mass matrix predicts, in this cf28],  term proportional toe can be qualitatively very important.
One of the most interesting predictions of the leading-order
i 1[AG\2 mass matrix is that there is no neutrinoless double beta decay
sin’ 26,=1- 1_6< ) - (149 (NDBD): since the NDBD amplitude is proportional to
(M))ee it is obvious that a mass matrix with zeros in the
This is a very strong prediction which is compatible with the diagonal forbids NDBD. However any correction to the
low probability, low mass(LOW) and the vacuunm(VAC) leading-order mass matrix introducing diagonal entries will
solutions of the solar neutrino problem. The large mixinglead to NDBD. On the other hand, corrections to the leading-
angle(LMA) solution, which right now seems to be the pre- order mass matrix are necessary in order to accommodate
ferred solution, would be marginally compatible with this solar neutrino mass differences and small departures from
prediction. However, it is important to notice that in generalmaximal mixing in solar and/or atmospheric neutrinos. It is
we expect corrections to the Zee mass formula. By requiringmportant to check how these corrections could modify the
that only one doublet couples to fermions we have taken thgharp predictions of the model.
most restrictive(and predictive possibility. By relaxing this By diagonalizing the mass matrix at second orde¢ ome
assumption one can also perfectly fit the LMA region in solareasily obtains that
neutrino parameter®29]. But even in the restrictive case in )
which only one doublet couples to fermions one can also Ag~my, (16)

Aq
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1 tree level. However, loop corrections mix all operators under
sir? 20a~1=5[16yeu+ (Vyu~ Y.)?1€?, (17)  the renormalization group and, therefore, the singlet operator
also gives rise to neutrino masses when the doublets acquire
~m2 VEV's.
AS=MY(2Y st 2eet Yup Vo) €, (18 Under the assumption that only the singlet operator is
2 1 generated at tree level, at the scale of new physics, one can
Sif20,~1— 1_6(A_S) +§[yee(2yw+ Yuut Vrr) compute the induced neutrino masses at one loop. Neutrino
a masses are suppressed by several factors, the loop factor, the
—(Yuu— 0?1 €2 (190  Masses of charged leptons, and the ratio of the two doublets
VEV's, therefore allowing for a new physics scale several
SinceA¢/A, is known to be small, the natural prediction of orders of magnitude lower than the one needed in tree-level
the model is just maximal mixing for the two angles to a mechanisms for neutrino masses.
very good degree of precision. Departures from maximal Because of the structure of the singlet effective operator,
mixing are allowed naturally for the atmospheric mixing which necessitates antisymmetric couplings in flavor, the ob-
angle sinceAs does not depend om,, Which controls the tained mass has the structure of the Zee mass matrix with
atmospheric mixingfor vy, ,= v,,); therefore it can be made zero entries in the diagonal. This structure naturally accom-
large without any conflict with solar neutrino data. However,modates bimaximal mixing and is well suited for explaining
to accommodate deviations from maximal mixing in the so-both solar and atmospheric neutrino data. However, in the
lar neutrino parameters is more delicate. One needs to makémplest scheme it is very difficult to accommodate the LMA
A small while keeping the last term in E(GL9) relatively  solution for solar neutrinos because it gives a sharp predic-
large. This is clearly unnatural. For instance, in the case iion for sirf 26,=1 once one takes into account the mass
whichy, ,=v,,=0 one obtaina\;/A,~2(y,,+ vee While  differences needed for solar neutrinos.
Sir? 2605~1—(As/A,)%/16+ YurYee- Therefore, to obtain a We have investigated the possibility of accommodating
very smallA /A, while keeping a sizeable contribution to sir? 26,#1 in this scheme by considering nonleading contri-
sir? 26, one would need to fine-tune the couplings in such &butions to the mass matrix since, on general grounds, one
way thatyee~—v,,. Although it is not natural, this possi- €Xpects to generate nonzero entries for the diagonal elements
bility might be interesting because perhaps it is the only wayof the mass matrix. We found that the prediction®sley
to accommodate LMA within this scheme and because if it is=1 is quite stable and, only by fine-tuning the parameters of
realized in nature it will link the deviation from maximal the mass matrix, is it possible to accommodate at the same
mixing in solar neutrino oscillations with neutrinoless doubletime sirf 26;#1 and Ag/A,<1. This fine-tuning, even
beta decay; as commented before, the NDBD amplitude ighough unnatural, has the interesting property that relates the
proportional to the so-called effective neutrino mdss,)  rate of neutrinoless double beta decay to the departure from
Ezugimviz(my)ee. maximal mixing in solar neutrino oscillations.
In this work we have shown that, in models that contain in
their low-energy(Fermi scalg effective theory two Higgs J.F.O. and A.S. are indebted, for their hospitality, to the
boson doublets, there are four independent dimension fiveternational School for Advanced Studies, SISSAieste
gauge-invariant operators which violate lepton numberand the CERN TH division, respectively, where part of this
Three of them, which couple leptons to doublets in the tripletwork has been done. This work has been funded by CICYT
channel, generate masses at tree level when the doublets amider the Grant AEN-99-0692, by DGESIC under the Grant
quire VEV’s. The other operator, which couples leptons and®B97-1261, and by the DGEUI of the Generalitat Valenciana
doublets in the singlet channel, cannot generate masses @tder the Grant GV98-01-80.
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