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Bimaximal neutrino mixing and neutrino mass matrix
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We show that the bimaximal neutrino mixing pattern suggested by solar and atmospheric neutrino data can
be derived from the maximal, symmetric, four-neutrino mixing in the limit that one of the neutrinos is made
heavy. Imposing the constraints of no neutrinoless double beta decay and a 20% hot dark matter component of
the universe leads to the three-neutrino mass matrix recently suggested by Georgi and Glashow. Our result can
be useful in constructing theoretical models for the bimaximal pattern. We illustrate this by a simple example.
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PACS numbsdis): 14.60.Pq

The recent observation of neutrino oscillations at Super-

Kamiokande[1] has been a great source of excitement in i - i 0

particle physics for two reasons: first it provides the best V2 V2

evidence to date for a nonzero neutrino mass which, in turn, 1 1 2

is the first sign for new physics beyond the standard model; U= = — -—=|. )
the second reason is that the Super-K analysis seems to re- V6 6 V6

quire maximal mixing between,, andv . The latter mixing 1 1 1

pattern is very different from that observed in the quark sec- S —

tor, suggesting a more fundamental distinction between the V3 3 V3

physics of the neutrino and the charged fermion masses.

Note that ultralightness of the neutrinos is another such disWe will call this the democratic mixing.
tinction and seems to require the novel phenomena of the Case(B) [7]:
seesaw mechanism to understand it.

The apparent maximal mixing between thg and v, has 1
led to speculation that the entire mixing pattern in the three- -
neutrino sector may be essentially maximal. In this case, the V2 V2
solar neutrino puzzle will be solved either by the vacuum or 1
large angle Mikheyev-Smirnov-WolfenstefMSW) mecha- u,= >
nism [2]. The hot dark matter of the universe which may
require a total neutrino mass in the range 4 — 5 eV will then 1 1
imply that all three neutrino species are degenerate in mass = —
[3]. A crucial test of this model will also be provided by 2 V2
further improvement of the solar neutrino data; e.g., day-
night variation will test the large angle MSW mechanism This has been called in the literature bimaximal mixig
which is one possibility in this case. The incorporation of the Case(C) [8]:

Liquid Scintillation Neutrino Detector(LSND) data [4]

N| =

- 3
5| )

N| =

seems to require a fourtkterile neutrino, though there have 1 o o
been attempts to fit all data within a three-neutrino, roughly U :i 1 0 o 4)
maximal, mixing framework, using “indirect neutrino oscil- "3 '
lations.” For a recent version, see, efh]. 11 1
Three possible neutrino mass matrités defined via _
where w=e?""3; we will call this the maximal symmetric
mixing. Such a mixing matri}J ,) emerges when we impose
Ve 41 maximal (1h) suppression of each neutrino flavi®] for
v, | =U,| v (1)  any primen. If n=pJ*---p*, wherep; are prime integers,
v, Vs then the maximal mixing symmetridAMS) matrix will con-
sist of a direct product ofn; MMS matrices corresponding
to p; with m, MMS matrices corresponding {o, etc.
have been widely discussed in the literature. U s) [case(C)] may be marginal if we take the CHOOZ
Case(A) [6]: [10] and the atmospheric neutrino data into account. Cases
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(A) and(B) are, however, fully consistent with the CHOOZ with A=ac, etc. Let us now add to the four-neutrino mass
and all other data as long as LSND data are not included. Lagrangian a heavy mass for the combinatidr- »2 :

Should any of these mixing patterns be confirmed by fur-
ther data, a key theoretical challenge would be to understand L=M(vg—v2)(¥3-1D). ®)
them from a fundamental gauge theory framework. Clearly, 0. 0 .
one must look for some underlying symmetry that wouldCalling v..=(v3=1g)//2, we can rewrite the above mass
lead to the entries in the above mixing matrices. In a previmatrix in terms ofv, ,v,,v.,v_ and decouple the field_ .
ous paper we showed that the democratic mixing matry  ldentifying v, = v, we get, for theve, v, , v, mass matrix,
can be understood if the lepton sector of the gauge model has

a discrete interchange symmetry among three generations. A+D F F
No such simple symmetry among three generations of lep- Ms= F A D, (9)
tons is apparent for the bimaximal cae. It is our goal in E D A

this paper to show that the bimaximal pattern emerges from

a symmetric 44 maximal mixing matrix if a particular lin-  whereF=(C+ B)//2. Diagonalizing this X 3 mass matrix
ear combination of the neutrinos is made heavy and dew,, we find that the neutrino mixing matrix corresponds to
couples. Needless to say, the CERNe™ collider LEP and  the bimaximal case. This proves the main assertion of our
SLAC Linear collider(SLC) data would imply that if there is  mgdel.

a fourth generation, the neutrinos of the fourth generation Tpe eigenvalues aren, = A+ D + \EF, m,=A+D

must be heavy enough not to contribute to Hhweidth mea-  _ J2F ms=A—D. We can accommodate a hot dark matter
sured at LEP and SLC. Thus its decoupling from the lightiy, ihis model if all three masses are almost degenerate. Com-
neutrino mass matrix is to be expected on phenomenologicgfining this with the requirement that the model satisfy the

grounds. This result may provide us a clue regarding hovw,e tringless double beta decay constr&itf] leads to the
one can proceed in constructing a gauge model for the b‘rollowing ordering of the parameters:

maximal pattern. In particular, it highlights the need for the
existence of a fourth generat_ion for this purpose. We give an A+D=6,:F= J2A+ 51, (10)
example of such a construction.
To introduce our line of reasoning, we note that for twowhere the S.K. atmospheric neutrino fit requires tidat
neutrino flavors any mass matrix of the form =103 eV (assuming that the overall common mass for the
neutrinos is=1-2 eV). Similarly, the solution to the solar
neutrino puzzle via the large angle MSW solution requires
®) that3=10"4-10"5 ev.
It is interesting to note that after enforcing the neutrino-
leads to the maximal mixing matrix of the form less double beta decay and the hot dark matter constraints
61— 0 6,—0, we obtain the following neutrino mass matrix:

a b

M=lp &

1/1 1 )
— =U,.
2l1 -7 o 1 L
V2. 2
The unique maximal mixing A4 mixing matrix is then
given by the direct product M = 1 1 _ 1
»=Mo B 2 > (11
1 1 1 1
11 -1 1 -1 Lt 1
U4—U2®U2—§ 1 1 -1 -1l (6) NA 2 2
1 -1 -1 1 This is precisely the mass matrix suggested by Georgi and

) _ ) o Glashow{13] as a possible way to accommodate the neutrino
U, arises naturally in a diagonalization of &4 mass ma-  data. We therefore have an alternative derivation of the same

trix of the formM,=M,®M;, and mass matrix.
Let us briefly mention the possible implications of our
M= ( ¢ d) result. In addition to hinting at a deeper structure behind the
2 \d ¢/ bimaximal pattern, our result may have practical applications

for building gauge models for this pattern. One avenue to
In the (2, Vg,y‘;,vg) basis, explore would be to consider a four-generation version of the
standard mode[14] and decouple the heaviest Majorana

A B CD combination as discussed above to obtain the three-
B A D C generation model with bimaximal mixing. Below, we give an
M, = c D A B| (7) example of such a construction.
A four generation model for bimaximal mixinGonsider
D C B A a four-generation extension of the standard model. Let us
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TABLE |. Transformation properties of the fields under the in- £ —p (L, — La)Hg+ (Loy—Lg)HleS+ho[(Ly+La)H,
terchange symmetrie3, andD,.

+ (Lot Lg)Hzleq] +ha[ (La+Lag)Ha+ (Li+Lg)Hy]

D, D,
X(€5+ ae]) +hy[(Lo—Lg)Hi+ (L1~ LyH;]

Li=Ll, Li—ls
Lyoly Lo—L, X (ef+ Be5)+H.c. (13
Vi v Vi — 5
Pr— by hr— by We assume thah;>hs>h,>h,. If we assume that only
H,—H, Hi——H, H, 3 have, a VEV, then it keeps the,—e, as a separate
Hy—Hy HyeH, eigenstate, which we will assume to be heavy and make it
e5 €5, e o —es, decouple. Thee; +e, will be the lightest eigenstate to be

identified with the electron state.

Next let us show how one can decouple the correct heavy
denote the lepton doublets lhy with i=1,2,3,4 and the four neutrino combination so as to implement our suggestion. For
right handed charged leptons l&y. Let us add two right this purpose we note that there is the following Yukawa cou-
handed [SU(2), singlel neutral fermions denoted by pling allowed by the symmetries of our model.

(v{,v5). We omit the quark sector for simplicity. We also

augment the Higgs sector of the model by adding an isotrip- La=f5[(L1—Lg) 1vi+ (L= L3) dov5]
let Y=2 field (A), whose neutral component acquires a c c
vacuum expectation valuéVEV) which is seesaw sup- +fe[(Li—La) povi+(Lo—La)div3]. (14

pressed to be of the order of eV's. We then add four new . c e
downlike Higgs doubletsi, (a=1,2,3,4) and two new up- Weadda soIt breaking term to the theory of the fdviw;v;
like Higgs pairs in addition to the two standard-model-like With M=10'" GeV or so and assume thij<fs and(¢)
doublets¢, (a=1,2). The up and down like Higgs doublets # 0. This then leads to a partial seesaw that makes one of the
can be distinguished from each other by a Peccei-Quinn-likéght neutrinos, i.e.»,—v3 very light, whereas it leaves the
Symmetry(or SupersymmetWNhich we do not d|sp|ay since other Comb|nat|0n, L8y — Vg, with a mass |n the 100 GeV
it can be softly broken. To extract the key features of our@nge(not seesaw suppresseds a result this combination
idea, we impose a discrete symmeByx D, on our model. decouples from our low energy ne_utrlnp spectrum as dis-
Under this symmetry, we assume the fields to transform as ifussed. The three low energy neutrinos in our model have a
Table I. bimaximal mixing pattern. We thus see that our decoupling
The rest of the fields are all assumed to be singlets undéicheme can be realized in explicit gauge models. We realize
these symmetries. Let us now write down the invariantthat the model just presented, though realistic, is given in the

Yukawa couplings under these symmetrie®=.,+ L,  SPirit of providing an existence proof of the kind of schemes
+ L we are advocating. However, they can perhaps be simplified

and embedded into more clever schemes that will then pro-
Li=Fi(LiLi+Lolo+Lglg+LaL)A+fo(LiLa+LoL3)A vide a deeper origin for bimaximal models.
In conclusion, we have suggested a way to construct
+ig(Libst Lol A+ fa(lilotLsby)A+He (12 gauge models for bimaximal neutrino mixing starting with a

0 & . ClIour-generation model and illustrate this with the help of an

Note that after the\® field acquires a seesaw-suppresse : fth dard model that i f

VEV, it gives rise to the mass matrM, in Eq. (7). Now we extension of the standard model that incorporates four neu-
' 4 N trino generations.

have to show that consistent with the discrete symmetry, we
can decouple the combination of neutrinos in B&j.and that The work of R.N.M. was supported by the National Sci-

the charged lepton mass matrices are such that they do nehce Foundation under Grant No. PHY-9802551. Both of us
induce any contributions to mixings. To see the second pointwould like to acknowledge a U.S.-Israeli Binational Science
let us write downZ,: Foundation grant.
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