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Degenerate Dirac neutrinos
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A simple extension of the standard model is proposed in which all the three generations of neutrinos are
Dirac particles and are naturally light. We then assume that the neutrino mass matrix is diagonal and degen-
erate, with a few eV mass to solve the dark matter problem. The self-energy radiative corrections, however,
remove this degeneracy and allow mixing of these neutrinos. The electroweak radiative corrections then predict
a lower bound on the’,— v, mass difference which solves the solar neutrino problem through the MSW
mechanism and also predict a lower bound onithe v, mass difference which is just enough to explain the
atmospheric neutrino problem as reported by Super-Kamiok4B80856-282(199)04603-2

PACS numbsdrs): 14.60.Pq, 12.66-i

The neutrinoless doublg decay[1] puts severe con- andv, are less than 1 eV. This will not solve the dark matter
straints on the Majorana mass of the. With this constraint  problem. This problem is solved if one assumes that the neu-
it is not possible to explain simultaneously the dark mattettrinos are Dirac particles. However, the main problem of
problem[2], solar neutrino probleni3], atmospheric neu- making the neutrinos a Dirac particle is that, in a simple
trino problem[4], and the laboratory bounds on the mixing extension of the standard model the Dirac mass of the neu-
angleg5]. Since the preliminary results from KARMEM]  trinos are related to the charged lepton masses and hence
contradict the Liquid Scintillation Neutrino Detect@rSND) cannot be smal{of the order of a few eYnaturally.
result[7], we shall not include that in our analysis. If the = We now propose a scenario where the neutrinos are Dirac
neutrinos are Dirac particle there will be no lepton numbemarticles and are naturally light. The left handed neutrinos
violation and hence there will be no constraint from the neu-combine with the right handed neutrinos through their inter-
trinoless double3 decay. In that case one can postulate aractions with a different Higgs doublet, which does not
almost degenerate neutrino scendBpto explain the other couple to the quarks and charged leptons because of the pres-
problems. ence of an additional (1) symmetry. This new Higgs dou-

In this Brief Report, we consider exactly degenerate Diradlet acquires a small vacuum expectation vaMEV), when
particles with a few eV mass to explain the dark matter probthe extra W1) symmetry and the electroweak symmetry are
lem. However, this will not allow any flavor mixing. So we broken[10], and hence its coupling gives a small Dirac mass
introduce explicit lepton flavor violation, which will break to the neutrinos naturally. There is no lepton number viola-
the mass degeneracy radiatively, which in turn will allow tion in this scenario and hence there is no Majorana mass of
flavor mixing. The electroweak self-energy corrections will the neutrinos.
then predict a lower bound on the mass squared differences We extend the standard model gauge group to include a
betweenv, and v, which can solve the solar neutrino prob- new U1) symmetry:
lem through matter enhanced neutrino oscillafi@hand si-
multaneously predict a lower bound on the mass squared Gex=SU(3) X SU(2) X U(1)yXU(1)x.
difference betweemw, andv,, which is just enough to solve
the atmospheric neutrino problem. There is also a simila
contribution to mass splitting from flavor violating radiative

corrections, which also gives the maximal neutrino flavor ; .
anomaly cancellation, one new Higgs doublgt a scalar

mixing. X ) )
Consider a two generation Majorana neutrino scenario>Ndlet x, and a charged scalar singlét Transformation

The neutrino mass matrix is given by properties of the new particles are presented in Table I. The

We also extend the model to include the three right handed
neutrinosvig (i=1,2,3); four additional singlet fermions
Y; (i=1,2,3) andZ, which are required for purpose of

m m TABLE I. Transformations of the new particles.
ee ew
.| ) @ _
Mye My, Fermions
The neutrinoless doublg3d decay [1] will imply mge ViR (1,1,0,2
<0.46 eV. If we consider an almost degenerate neutrino Y; (1,1,0-1)
scenarid 8], to solve the dark matter probleff] we require z (1,1,0~-3)
m,,=Mge. Then the small mixind5] of v, with v, will
imply that sir?-eeﬂ~meﬂ/mw<0.6 and the masses of the Scalars
7 (1,2-1/2-2)
X (1,1,0,2
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scalary acquires a VEV at a very high scal, breaks the one may not require to introduce these fields. The scalar

U(1)x symmetry and give masses to the extra singlet fields9ives radlatlye mass spl_lttlng to n'eutrlnos of Q|_fferent gen-

The mass of the doublet is also of the order oM, but it erations, which in turn gives neutrino flavor mixing.

does not acquire any VEV to start with. However, after the The f|r_st term in this equation gives a small Dirac mass to

electroweak symmetry breaking it acquires a small VEV andhe neutrinos:

gives small Dirac masses to the neutrinos naturally. M,=f (7 ®)
The Lagrangian contains the quadratic and the quartic v= via\ 77

terms and the trilinear mixing terms which are given by \ye now assume that the Dirac mass matrix is diagonal and

1 degenerate and to explain the hot component of the dark
Locala’ Mf},ﬁ,ﬁ M)z(XTX+ m§5¢>T¢+ 57\1(¢>T¢)2 matter the diagonal elements are givenfgy,5;,=m. The
neutrino Dirac mass matrix then becomes

N| -

1 1
507 5N (X NP+ 5 N1 D) (77 7) m oo
M,=| 0 m O
1 1
5O X0 (7' M+ 5Ne(bT A (X X+ by 0 0 m
We further assume that in this basis the Yukawa interactions
2) of the field ¢ is also diagonal, but the charge lepton mass

The scalary acquires a VEV at some large scéle which is matrix is not diagonal. In general, it may be possible to di-

the only other mass scale in the model other than the ele@donalize the charge lepton mass matrix and the neutrino
troweak symmetry breaking scale. We consider mass matrix simultaneously, since the neutrino mass matrix

is degenerate. However, the coupling of the charged s¢alar
M, ~M,~(x)~M~10" GeV. will give radiative correction, which will break the mass de-
generacy and will not allow us to make the charged current
Then to prevent the usual Higgs doublet from acquiring ainteraction diagonal. As a result all the observed mixing may

large mass we require come from the charge lepton mass matrix and we can only
determine them from experiments. The mixing angle will
p~My=m, depend on the amount of radiative mass splitting.

In general, the charged lepton mass matrix can be diago-

wherem is the electroweak symmetry breaking scale. nalized by a biunitary transformation

We may now minimize the potential to determine the

VEV’s of the different scalar fields. They are given by ViTkMeiaUaﬂ: Mgil?[%kﬁ_
2 2 2
( >2~ _ ﬂ <¢>2~ —Ami+ A M5 Then the matrix V;,, which diagonalizes the matrix
X N3’ )\1)\2—)\2 ' MeiaMlja, will enter in the charged current interactions. In
the basige; , e,r], in which the charged lepton mass ma-
and trix is diagonal, the charge current interaction of the neutri-
nos and the charged leptons will be given by
oy~ P80 100 ev. @3) —
M7 Lee=viL Y,V WH. (6)

The scalar field acquires a very small VEV naturally in  The charged lepton mixing matri; will introduce neutrino
this scenario. As a result, if it gives a Dirac mass to theflavor mixing after the radiative mass splitting.
neutrinos, then we have a natural explanation of the small- We now define the basis for the neutrinps; , 5],
ness of the Dirac mass of the neutrinos. To obtain the masghich has diagonal charged current interaction and are given
of the neutrinos we now write down the Yukawa couplingsby
of the leptons and the singlet fermions:
_ _ _ _ v =V and VZR:UZ,BVBR-
’C:fVialiLVaR”]_i_gabY;YbX—’_g(;YaZX—’—feialiLeaR¢ . . L. .
In this basis, the mass matrix is not diagonal. But when the
+hop(var) €srE. 4 mass matrix is diagonal and degenerate, we can always make
transformations to the right handed fields and make them
The extra singlet¥, andZ get very large masses from the diagonal. In the basir , »5], the neutrino mass matrix
VEV of the scalary and they do not couple with the light s given by
neutrinos. Since they are decoupled from the low-energy sec-
tor, we shall not discuss them from now on. Although we M5 =ViiM,,.
have to introduce these singlet fields for purpose of anomaly
cancellation, if one can implement this mechanism in aButV;; commutes withM, and hence we can make a trans-
larger theory such as grand unified theory or string theoryformation v‘;szngavﬁR; Vg,=Vij, and diagonalize the
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mass matrix. However, in the presence of the radiative corwhere
rections due ta, this is not possible.

We assume that the couplings 6fto the right handed 1 .
leptonsh,, to be diagonal. Although the phenomenology of ¢~ stan 7 2 cosgsing
such a dilepton has not been studied, one can extend the

analysis of Ref[11] to constrain the parameters. If, in addi- and the mass squared difference is given by
tion, we assume that,;<<10 °, then there is only one con-

(m§—m)

(m§—mj) + (m$*—ms")

straint from the ¢—2),, which is hy>0.3 for m, (m3—m3)?=[2m cos# sin f(m§—m5)]?
~100 GeV. Forhss there is no bound in this scenario and P oW ewn2
we can consider this to be of the order of 1. With this choice +[m(m3—m3) +m(m3*—mz"]%.  (10)

we get a self-energy radiative correctiénith the internal

loop containing charged leptons atiito the neutrino mass
matrix in the basi$v; , v,r], in which the charged current
interaction is not diagonal but th&couplings are diagonal,

It is clear from the expressions that both the electroweak
radiative correction as well as the radiative corrections due to
£ will contribute to the mass squared difference; Hoes not

contribute to the mass difference, the mixing angle vanishes

given by as pointed out earlier. For the mixing angle to be maximal
m+mé 0 0 we require the contribution of to be of the same order or
more than the contribution from the electroweak radiative
Mia= 0 m+m; 0 : (7)  corrections.
0 0 m-+ mé The mass difference generated by the standard model self-

3 energy radiative correctiongonsidering the Dirac mass of

where mé=m(h2/4m)(e?/m?), e=e,u,7. In this case, it the neutrinos to be around 7 g¥re given by

will not be possible to diagonalize the neutrino mass matrix 2 2
in the basis in which the charged current interaction is dia e 2 e 2 oM™ Me —5
_ 9 N IS dlag- Amgy=(ms")%—(m:")?*= a,m*——5—=0.6x10"°,
onal. Including the standard model self-energy radiative cor- My,
rections[12], we can now write down the neutrino mass y
matrix in the basig v , vSg] as follows: m;—m
$4iLs Varl Amm=(m§‘“’)2—(mgw)2=an2—Tm2 £ =1.4x103.
. W
via=VijM, i, Hdiadmi* m3" mg"ViM,;,, (8) (12)

wherem:"'= aW(mﬁi/mfv), e=e,u, . This mass matrix can Thev,— v, mass differenc&mgg is just enough to solve the

now be diagonalized to get the flavor mixing matrix and thesolar neutrino problem, while the,— v, mass difference
mass squared difference between the different flavors of ne Mgy, falls within the solution suggested by the recent
trinos. For any arbitrary choice of the mixing matrix it is super-Kamiokande result. If the contribution duetare of
difficult to solve this analytically. So, for purpose of illustra- the same order of magnitudevhich is the case fom,
tion we demonstrate with a two generation example, and~100 GeV anchy,;=0, h,,~0.1, andhss~1), then we get
then present some realistic numbers for a three generatidhe maximal mixing angle for the,, and v, oscillations and

scenario which we check numerically. the relevant mass squared difference as required by the
We consider theu and = family in the two generation super-Kamiokande experiment. For the solar neutrino prob-
example. For lem, the mass squared difference betwegrand v, is just
right for the MSW solution[9], but we only get the small
cosf —sing mixing solution. In this scenario it will be difficult to explain
i~\sing cosd |’ the vacuum oscillation solution of the solar neutrino prob-
lem, since although one can adjust the parameters of the
the mass matrix is given by couplings of{ to get a small radiative correction, one cannot
change the electroweak radiative correction. As a result, the
o mass squared difference betweenand any other neutrinos
will be larger than required, unless there are new sterile neu-
(m+m$)(1+ms*)cosd— (m+m$)(1+ms*sing trinos, to which thev, oscillates. Since the neutrino masses
- (m+md)(1+mS™sing(m+mé) (1+mS")coso |’ arise from a different Higgs doublet, the neutrino mass mix-

ing is not related to the Cabibbo-Kobayashi-Maskawa
(9 (CKM) quark mixing matrix.
_ ) ) ) . ) In summary, we pointed out that if neutrinos are Dirac
which can be diagonalized with a _b|une!tary ga”ffor,mat'on'particles, then we may start with a degenerate diagonal mass
The unitary matrix, which diagonalized ,; ,(M,;,)", giVes  mairix with the diagonal elements to be around a few eV, so

the neutrino flavor mixing and is given by that neutrinos could be the hot dark matter of the universe.
. We also presented a model in which neutrinos could be light
e_ ( cosé sm¢) Dirac particles naturally. The mass degeneracy is broken by

" \sing coseg)’ self-energy radiative corrections, which can then allow
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enough mixing of these neutrinos to solve the atmospheripursue for the direct search for neutrino mass, Professor D.P.
neutrino and solar neutrino problems. The standard moddRoy for several suggestions for the improvement of the

radiative corrections give a lower bound on the mass squaresanuscript, and M. Raidal for discussions related to the con-
difference which is just enough to solve both the atmospherigtraints on the dileptons. | would also like to thank Professor

neutrino and solar neutrino problems. W. Buchmuller and the Theory Division, DESY, Hamburg
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