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Gravitationally violated U (1) symmetry and neutrino anomalies
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The current searches for neutrino oscillations seem to suggest an approxjmatg— L , flavor symmetry.
This symmetry implies a pair of degenerate neutrinos with a mgsand large leptonic mixing. We explore
the possibility that gravitational interactions break this global symmetry. The Planck scale suppressed breaking
oftheL.—L,—L, symmetry is shown to lead to the right amount of splitting between the degenerate neutrinos
needed in order to solve the solar neutrino problem. The common mgae$ the pair can be identified with
the atmospheric neutrino scale. A concrete model is proposed in which the smallmesamd the hierarchy
in the solar and atmospheric neutrino scales get linked to hierarchies in the weak, grand unification, and Planck
scales[S0556-282(199)04011-4

PACS numbgs): 14.60.Pq, 12.10.Dm, 12.15.Ff, 12.60.Fr

The pattern of neutrino masses and mixing as suggestgfl  A,,=m? —m? ~10%eV? and Ap=m?> -—m?
by the present experimental evidence and hints seems quite 3 2 2 !

difterent from th in th « sector. Th ot : 10" 1%eV2. It also implies thatv, does not oscillate at the
iierent from the one In the quark sector. The osciiiations 0atmospheric scale in accordance with the findings at Su-
v,, of the atmospheric origin require a largg — v, mixing

and a very small differenca ,~10-2 eV2 in their squared perKamiokande. Thi$J together with neutr.ino masses can
: i be used to determine the structure of the light neutrino mass
masseg1]. The solar neutrlnt_)Ganozmahe_s requie a much matrix in basis with diagonal charged lepton masses. This
mﬁéirst;?:ﬁ/l SS\/CV?IG[ASS]Nic(J)nve?;/io l}['\g'rkh:yevl'gf?érgs\zl' was dond10] in case of the hierarchical masses. Since large
o~

it The | i 5 i mixing may be intimately related to pseudo-Dirac structure,
(vacuum oscillation$4]). The latter alternative can reconcile ot ,5'suppose that a pair of neutrinos Genosi degenerate
the solar anomaly only if mixing involving, is large.

. ... With massesn, and —mg. This common mass may be iden-
The conventional seesaw models based on grand umﬂe}%ed with the atmospheric neutrino scale. For a fixédhs

theories link the masses and mixing of leptons to that in th iven in Ea.(1). one has three phvsicallv distinct possibili-
quark sectof5]. This link does not seem to be fully sup- :?es corres?).cgnz:iing ton, (i=1,2 3p) zaluesy P
|l 149

ported by the experiments and one must either admit a vari-
ety of textured6,7] in right-handed neutrino masses or look
for some alternativg¢8] schemes.

The presently available information on the solar neutrinos_ . . | . ) .
do not seem to choose unambiguoUgybetween the MSW This |rr_1pl|es the following neutrino mass matridds, for the
or the vacuum oscillation solutions, although the MSW con-hree light states:
version with a large angle seems to be disfavd@dy the

(@) (Mg, —mp,0)  (b) (Mo,0,—Mp)  (¢) (0,mg, —My).

recent[9] day night asymmetry measurements at SuperKa- 0 c s 1 c S
miokande. Thus the MSW mechanism most likely requires c 0 O Mo ¢ 1-352 3cs
small mixing of v, . It is then intriguing why large mixing is (&) Mo (b) = , |
preferred in thev,— v, system with less hierarchical, . s 00 s 3cs  1-3c
The vacuum solution seems more natural from the point of 2
view of this theoretical prejudice, but in this case one has a
problem of accounting for a very large hierarchyg/A 1 —c —s
~10 7. This note is devoted to discussion of these issues. m 5
Let us suppose that both the solar and the atmospheric (c) —| —¢ 173" 3cs | 3
neutrino oscillations are described by maximal#£/4) mix- 2\ _g  3cs 1-3c2
ing among relevant states. This hypothesis is shpi@h to
lead through unitarity to a unique structure for the mixing
matrix U given by Of these, the texture ifa) seems more interesting as it does
not presuppose any relations among matrix elemenkg of
12 —12 © Moreover, this texture follows from a simple.—L,—L,
symmetry. Conversely, bimaximal mixing may be regarded
U= N2 cl\2 s , (1)  [6] as a consequence of thg—L ,—L, symmetry imposed
slV2 sl2 ¢ in the leptonic sectofll]. One still needs to understand the

origin of my and of much smaller splitting g between(al-

mos) degenerate pair. The splitting may arise due to small
where,c= cos#, s=sin #~1/y/2. This structure can describe breaking of thel ,— L,—L, symmetry. This can be param-
the solar and atmospheric neutrino observations successfulbtrized[6] in terms of a small parameterleading to
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e C S operators suppressed by the Planck mislss. One could
c write the following symmetry breaking nonrenormalizable
M,=mq R (4)  terms:
S € € 0% 2
l *
. . 01=5 Bijj ViTVj<¢_>y
where different entries are meant to denote the order of mag- 2 Mp
nitudes of the breaking term. This leads to 1
_ T a0l 7
A5~4m06. (5) 02_532” Vi VJA (M_P) !
When m, is identified with the atmospheric scale 1 +
(~0.03 eV), the above equation implies 03== B3 1 v A0 17 ®)
3 2 3ijYi Y M2 .
e~(104-1079) ]
- e ) Here we have introduce®U(2)xU(1) singlet field »
for Ag~(10"°-10"") eV® (MSW), which is assumed to obtain largeM, vev. ¢° (A°) corre-
5 L, sponds to the neutral component of tB&(2)xU(1) dou-
e~(107°-10"19) blet (triplet)y Higgs field. The dimensionless couplings

Bmij (M=1,2,3) break the —L ,—L, symmetry.
The operatorO, is the familiar one introduced, for ex-
ample, in[15]. The above operators lead to thgarameters

What could be the origin of such small values fog ande? . oy
It is indeed possible to link these scales to the hierarchied Eq. (4) and, hence, to the splitting among the degenerate

among the known scales naméWyca My~M gy, and pair. One, respectively, gets, for the operatOrs- O,

for Ag~(10"0-10"1) ev? (vacuum.  (6)

M Planck- M 2 m
Let us consider the standa@l(2)x U (1) model with- (AMP);~4B;my—=2 8. (1077 eV?)| ———|,
out addition of any right-handed neutrinos. Neutrino masses Mp 102 eV
are generated through the following Yukawa couplings when
an SU(2)-triplet Higgs field is introduced:
(Am?);~48,m§ <Mi>
—L£,=3f;; L]AL;+c.c. 7) P
2
Here A refers to the X2 matrix for the triplet Higgs field. ~B(4.0x10°8 eV?) Mo {m) ,
We have suppressed the Lorentz indices in the above equa- 1073 eV?/ | 10'° GeV
tion. i,j refer to the generation indices. We also impose the
Le—L,—L, symmetry. Nonzero vacuum expectation value ) 5 (n)\?
(vev) for the neutral component & then leads to structure (Am?)3~4B5my M_p
as in Eq.(2a with )
2
m (m)
f ~B(4.0x10°° eV2 0
mo=(f5,+ f2) Y%A A%; tano= f—13 Aol ) 1073 eV?) | 10'° GeV
12

9
0 could be naturally large fof;,~f13. The smallness ai, ©
may appear unnatural iBU(2)xU(1) theory. But small where Am?); denotes splitting of the degenerate states in-
triplet vev and, hencemg, may result if theory contains duced byO;. Here we have assumed that parameftér<£q.
heavy scales such &8¢ 1. This follows from the induced (7) are of Q1) and have identified(A%)~ (A% =m,.

vev mechanism which impligs,12]: The operatorO; gives a splitting which is somewhat
5 larger(smalle) than the scale needed for the vacu(MBW)
o Mw solution to the solar neutrino problem. The second and the
Mo~ (A%)~ M_H third operators can generate scales relevant for the MSW and

the vacuum solutions, respectively, if the vev fgiis at or

My,~10" GeV then leads to the required value, near the grand unification scale. While MSW is a natural and
~10 2 eV. appealing solution to the solar neutrino problem, it cannot be

The symmetnl.—L,—L, must be regarded as a global implemented in the present context for two reasons. Firstly,
symmetry in the present context, since it is not possible tdhe large angle solution obtained here from the-L ,—L,
gauge this symmetry in standard mo@d®M) without intro-  symmetry seems to be disfavored experimentally as already
ducing right-handed neutrinos. Such global symmetries argentioned. More importantly, the said symmetry implies a
known to be unstable against gravitational effelc8,14] mixing angle ofw/4 degree for which the MSW effect does
and would be broken. We assume that this breaking is maniiot occur. The corrections to this mixing angle induced due
fested in the low-energy theory through higher-dimensionato e are too small to change it apprecialpéf. Thus, in spite
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of the possibility of generating the MSW scale naturally,
vacuum solution is to be preferred in the present context.
This solution can be realized easily in a simple model to

which we now turn.

We extend the SM by adding two additional Higgs fields

namely, anSU(2)-triplet A and a singletp. In addition, we
imposeL—L,—L, and aZ; symmetry with the charge as-
signment (1;-1,1,1) for the fields (¢,d®, ¢, ). The rest of
the fields are assumed to carry zero charge uddeAll the
scalar fields are also assumed to be neutral ubderL ,
—L,. The Yukawa couplings in Eqg.7) generate the re-

quired L,—L,—L, symmetric mass matrix. The smallness
of A, arises as follows. Consider the following scalar poten

tial containing a heavy- Mgyt and the electroweak scale:
V=u2¢'p+M3 TIATA+M2 5T+ N (4T $)?
+Ny TIATA)Z N (T )2+

~[BoTApn+yn +c.cl. (10)

The terms not explicitly written in the above equations cor-

respond to some of the quartic terms involvidg and

crossed quartic termd.6] for the doublet field. We assume

that all the mass scales except the ¢namely u?) associ-

ated with theSU(2) doublet field in the above equations are

large, i.e., ~Mgyr. For M7 negative, the vev fory is

driven to a large scale, whil&® vev can be small foM ,2
>0. Minimization of Eq.(10) gives,

2
ue— My
)\7]
Bviu  Bv?
2M3  2My
2
2 L (11)
N+ (B%12\,)(M2/M3)

where (¢ =v/\2, (A% =w/\2, (n°)=u/\/2. The choice
My~M,~10" GeV leads to/A°)~10"2 eV very close to
the atmospheric mass scaig~0.03 eV.

Note that in the absence of the cubic ternyinthe above
scalar potential has a global symmetry under whichnd »
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BZMG,

Mm877'

F(m—pA)~

The above provides a fast decay channelfpwith lifetime

of order~10 13 sec provided its mass is around'iGeV.
This could sufficiently dilute the relic density of the massive
Majoron avoiding problem with the cosmology.

The structure of thelL.—L,—L, breaking higher-
dimensional operator induced by gravitational effect is gov-
erned by the gauge symmetries of the model. It was realized
that this is true, even if the gauge symmetry of the low-
energy world is a discretgl8] one. The gauged discrete
‘symmetries may arise in the low-energy theory as a remnant
of some continuous gauge symmetries, if the Higgs fields
responsible for its breaking are invariant under a discrete
subgroup. Such discrete symmetries are then required to sat-
isfy the discrete anomaly constrairjt9]. These constraints
derived in[19] are given forZy group as

SUM)?XZy: STiq;=3pwN,

Z3: Sg*=mN+6nN/s8, (12)
where, 6=0(1) for N odd (even. The corresponding
anomalies involvingJ (1) factors do not impose any signifi-
cant restrictions on the low-energy thedr]. It is easily
verified that the discret&,; imposed here indeed satisfies
these constraints witlpz=p,=0,m=—1 in case of the
three fermionic generations. This symmetry may then be im-
posed as an additional constraint in deciding the structure of
the allowed higher-dimensional terms. One sees that of the
three operators in Eq8), only dimension six operator is
invariant under th&;. As mentioned in Eq9), this operator
can lead to the right splitting between the degenerate pairs to
account for the solar neutrino deficit through vacuum oscil-
lations. It is indeed remarkable that one could relate both the
solar and the atmospheric scales to the other known scales
this way.

The imposition of a discrete symmetry above is somewhat
ad hocand may be dispensed with, if the coefficigsy ,
associated with dimension five terms are small instead of
being Q1). Specifically, one requireg;~10 3 8,~10*
in Eqg. (9) in order to account for the vacuum value fivg.

This suppression need not be as unnatural as it may look. A
familiar example of such suppressifi4,2( is provided in
case of the breaking of the Peccei-QuifffQ symmetry

carry opposite charges. The cubic term allowed here by thPZl] induced by the wormhole effecf43]. It is found that if

Z3 symmetry makes the would be Goldstone boson, the Mage global symmetry in question is spontaneously broken at a
joron, massive with mass at the grand unification scale. Thgcgle f, then coefficients characterizing its gravitational

Majoron would also obtain mass through higher-dimension

terms[17] like #%/M}

] abreaking are suppressed by the wormhole action. Such sup-
- This mass would be of the order pression is typically expectd@0] to be f/Mp. Thus in our

10 3Mgyur for.the natural value of the parameters. Suc_:hcase, spontaneous breaking of the—L,—L, symmetry
heavy scalar in the presence of large symmetry breakinground the grand unified theof§UT) scale may account for

scale( 7) may appear to cause cosmological prob[dm. In
the present case, the coupling fto the heavy triplet field

the required suppression By ,.
We have restricted ourselves so far to the SM. Many of

A provides an effective decay channel for the Majoron prothe present considerations can be generalized tSts)

vided My, (I referring to theCP-odd componentis suffi-

ciently lighter than the Majoron. The quartic coupliggin
Eq. (10) is seen to lead to

model with some modifications. The triplatmay be part of
a 15 dimensional representati¢tenoted by the same sym-
bol) of SU(5) and the role of the singlet field may be played
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by the adjoint (A) representation used for breaking the
SU(5) symmetry. A straightforward generalization of the
Le—L,—L, symmetry would be to assume a family depen-
dentU(1) symmetry and assign chargds—1,—1), respec-
tively, to three generations of thefiet of fermions leaving

rest of the fields neutral under it. The coupling§;a then
lead to the neutrino masses as in Eqf. if the triplet com-

PHYSICAL REVIEW D60 053002

10-plets of fermions. Take as an exampli thel) assign-
ment (0~ 1/3,— 1/3) for three 10-plets. The &f Higgs field

H and the adjoint are assumed, respectively, to carry the

charges—2/3 and 4/3. Théd charge is specifically chosen to
obtain the right structure for the quark masses. The charge
for A is fixed by requiring that the term in Eq413) be al-
lowed by theU(1). One nowobtains the following mass

ponent of the 15-plet has a small vev. Such vev could followmatrices for the up and down quarks in the absence of the

[5] from a term in the scalar potential coupling, the
5-dimensional Higgs fieltH to A:

BH HpAZAD, (13
where,a,b refer to theSU(5) indices. This term is analo-
gous to the last term in EQ10). As in that case, the vevs for

the doublet component dfi and the adjoint field induce a
vev for the triplet in 15.

The splitting among neutrinos is accounted for by the fol-
lowing dim 5 operators:

B

— Boij — — b
oM-5e5) LA 5 ARCAD

bHaHb 2Mp 1a

(14)
These are analogous to operat@rs, in Eq. (8) and can
account for the vacuum oscillation scale provided the coef

ficients 8, , are suppressed.
In the exactU(1) symmetric limit, the down quarks re-

gravitational breaking of the symmetry:

0 m m, 0 0 O
Mg= 0 O 0 M, = 0O m m ,
0O 0 O 0 my mg

(16)

wherem; , (m;,2) are parameters determining dovup-
quark masses. It is seen that the c, andt quarks acquire
masses at this stage. The higher-dimensional terms displayed
in Eq. (15) can now account for the strange and down quark
masses. Similarly, one could write dimension 5 operator
analogous to Eq(15) giving mass to the up-quark. Thus a
large part of quark masses and mixings may actually be due
to the gravitational breaking of th&(1) symmetry. This
symmetry is, however, not strong enough to make definitive
predictions on theses masses and mixings.

The symmetryU(1) does not remain exact in the last

main massless, while the mass matrix for the up-quark is natxample, but is spontaneously broken around the GUT scale.

restricted by the imposed (1) symmetry. The former can
obtain masses from tHe(1) breaking terms. These are char-
acterized by the following dimension five operators

d

T by ac
5ail0PHAS . (15)
Mp

The adjoint field will acquire a vev at the grand unification

scale

Mx

Jeur

(A~

where My is mass of theSU(5) gauge Boson. FoMy
~10'® the above operator leads to a contributionso®(0.1
GeV) which is right for the description of the strange quark
mass, but falls short of the value of thequark mass.

Let us consider an alternative possibility in which one
assigns nontriviall (1)-charges also to Higgs fields and the

This may be a welcome feature as such breaking can possi-
bly account for suppressiof20] in the magnitudes of the
coefficient8; , of the higher-dimensional term.

In summary, we have underlined the role that the
—L,—L, symmetry can play in generating leptonic mixing
structure desired on experimental grounds. The presence of a
heavy scaléM, in theory then accounts for the atmospheric
mass scale. Planck scale suppressed breaking of the symme-
try seems to be in the correct range to provide a solution to
the solar anomaly as well. The role such breaking can play in
generation of neutrino masses has been emphasized previ-
ously[15]. Here we have shown that the Planck scale along
with M e @and aMy~Mgyt can account for all the ob-
served features of the solar and atmospheric anomalies pro-
vided neutrino mass structure is approximately-L,—L .
symmetric.

| am grateful to Probir Roy, Saurabh Rindani, and Sudhir
Vempati for discussions.
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