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Permutation symmetry for neutrino and charged-lepton mass matrices
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Permutation symmetr$; is applied to obtain two equal Majorana neutrino masses, while maintaining three
different charged-lepton masses and suppressing neutrinoless double beta decay. The resulting radiative split-
ting of the two neutrinos is shown to be suitable for solar neutrino vacuum oscillations.

PACS numbgs): 14.60.Pq, 11.30.Hv, 12.15.Ff

[. INTRODUCTION In this paper, a detailed model of lepton mass matrices is
presented, based on permutation symm&gylt is the out-
There are three known charged leptogsy, 7, with very  growth of a previous proposgf] which shows howA mfz of

different masses: order 10 % eV? for solar neutrino vacuum oscillations can
be obtained as a second-order perturbation of a twofold de-
m.=0.511 MeV, m,=105.66 MeV, generate neutrino mass matrix, resulting in a successful for-
mula relating atmospheric and solar neutrino oscillations. In
m,=1777 MeV. (1) Sec. Il the model is described and it is shown how the break-

) ) ) ing of S; together with electroweak gauge symmetry allows
Their accompanying neutrinos,, v,, v;, are not neces- the charged-lepton masses to be all different while maintain-
sarily mass eigenstates. In general, ing a twofold degeneracy in the meutrino mass matix at
the tree level. In Sec. Ill radiative corrections fef, are

3

v =S U.n @ derived in terms of the parameters of the charged-lepton
Rl mass matrixM, . The latter is chosen such that neutrinoless

double beta deca}8] is absent at the tree level. In Sec. IV
wherea=e, u, 7 andv; are mass eigenstates and the resulting phenomenon of lepton flavor nonconservation
beyond that of neutrino oscillations is discussed in the con-
cosé siné 0 text of other processes involving charged leptons. Finally in

U=| —sind/y2 cost/N2 —112 3) Sec. V there are some concluding remarks.
—sin/\2 cospl\2  1h2 IIl. LEPTON MASS MATRICES UNDER S,

is a typical mixing matrix which allows one to understand et the three families of leptons be denoted by,(;),
recent atmospheric neutrino déte| and the long-standing and|I¢ , i=1,2,3. In this conventiorl, I, is a Dirac mass

_srcr)1larf neutrlfnLcJ) .de:;'c'[g) '2 teLms of éleutrltnod CE)SCI"atIOI”IS. term for the charged leptorigistead of the USUd_liLIjR) and
€ form ot In £q. as been advocaled by many au- vivj is @ Majorana mass term for the neutrinos. Consider the

thors [3]. I.t has the virtue O.f maximal mlxmg.betweaql . discrete permutation symmet8. Its irreducible representa-
and », which agrees well W.'th the atmosphenc data, and Ittions are2, 1, and1’, with the following multiplication

allows the solar data to be interpreted with either the small. |\ .5 '5_ 5" 1 {7 and1/x1' =1 UnderS,, let
angle or large-angle matter-enhanced neutrino-oscillation so- = = — = = - = = '

lution [4] or the necessarily large-angle vacuum solution.

The masses, , 3 are now subject to the conditions that Vl) ”2) o (V3 ~1, [1815]~2, 15 ~1
Il 7 |2 L |3 L L} 1 -
AmZ=AmZ~10"% eV? (4) Lot : ©)
for atmospheric neutrino oscillations and The Higgs sector of this model consists of three doublets
O,=(¢°,¢),i=1,2,3, and one triplett=(&"+,&,£0).
Ami,~10"° or 1010 eV? (5) U;ldér(ﬁsls qlﬁét) plet=(&"".67.¢)

for solar matter-enhanced or vacuum neutrino oscillations,
whereAm{=m?—m?’. This allows for the intriguing possi-
bility that neutrino masses are degenet&fewith very small

splittings. However, since the charged-lepton masses bred#€utrinos and charged leptons couplettaccording to
this degeneracy, there must be radiative correctifis

(©1,®3)~2, P5~1, £~1 )

which may or may not be consistent with the actual phenom-  fi;[€v;+ & (vl +1iv))/N2+ €711 ]+H.c., ()
enological solutions desired, especially so if a value of
1071 eV2 for AmZ, is to be maintained. wheref;; is restricted byS; to have the form
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0 fo O symmetry but are crucial for the subsequent discussioa
assumed here so thatl;, becomes of the form
f=(fo 0O 0], (9)
0 0 fj m. 0 O
As shown recently9,10], this is an equally natural way to M= 0 0 aj, (14
obtain small Majorana neutrino masses as the canonical see- 0O b d

saw mechanisril1], because the vacuum expectation value

(€% =u is inversely proportional tanZ. Let mo=2fou and  with I, identified as the electron, and
m;= 2f;u; then the Majorana neutrino mass matrix spanning

vy 23 1S given by 1 1
2, 2 g2+ 824D+ —JdZt (atbr2Jd%t (a—Db)2.
0 m 0 m7 =5 (d’+a’+b?) = 5\d+ (a+b)*yd*+ (a—b)
M~(mo 0 0] 10 (19
0 0 mg From Eqs(10) and(14), the eigenstates o¥1, are easily
read off:

The eigenvalues oM, are —mg, my, andms. (A negative
mass here means that the corresponding Majorana neutrino is
odd underCP after ays rotation to remove the minus sign.
Hence there is an effective twofold degeneracy in ithev,
sector, and it corresponds to an additional global symmetry,
i.e.Li-L,, if the charged-lepton mass matii(, is diagonal va3=—sv,+Cr,, (16)
in the same basis.

There are five Yukawa interaction terms of the charged,here c=cosf, and s=siné, are determined by the
leptons with the Higgs doublets which are invariant under_ 7, sector of Eq(14). This means that, mixes maximally

1
vi=——=(ve—Cv,—Sv,), vo=—F—=(VetCr,+Sv,),
1 \/E( e " ) 2 \/E( e w )

S, i€ with cv, +sv,, i.e. = m/4 in Eq.(3). If c=s=1/\2 is also
hall 1S9+ 1,155 — vl Sy — vol Sy assumed in the aboveorresponding taa?=b?+d?), the
so-called bimaximal form of neutrino oscillations is ob-
+ho[ (115 +1519) ¢~ (vl 5+ ol $) 3 ] tained. In that case,
+ha[ (119 +12¢D15— (v1dh; +vob1)IS] , 1o, emPml o (mi-m?)?
a‘=g(m+my), b=——5, ey
c 0, c,0 C = 1C 4~ 2 " mz+my, 2(mT+mM)
+hy[l3(11+1507) —va(l1d, +13¢1)] (17)
+hg[131543— vl Shs ]+ H.c. (11)
I1l. RADIATIVE CORRECTIONS TO NEUTRINO MASS
As ¢(1),2,3 acquire vacuum expectation valueg, s the 3 DEGENERACY

o PO
x 3 mass matrix linkind 2 3 0 11 5 3 s given by To discuss radiative corrections fef,, consider first the

hiv; hovs havy case of keeping only one Higgs doublkt and one Higgs

triplet £. In this scenario,S; is explicitly broken by the
M= v vy havy | (12 yukawa interactions of the charged leptons. Consequently,
hav, hgvy hgva there is an arbitrariness in choosing the mass scale at which

_ _ _ S; is assumed to be exact. The most natural choice in the
The scalar potential of this model is assumed to respgct present context is of course,; hence there are two contri-
only in its dimension-4 terms; i.eS; is brokensoftlyby its  putions to the radiatively correctet(,. One is a finite cor-

dimension-2 and dimension-3 terms: rection to the mass matrix, as shown in Fig. 1. The other is a
3 renormalization of the coupling matrix from the shift in mass
ijzl mﬁ (gio¢?+ & b))+ mé(f‘ ettt +§)50) sRce;Ie[;]rorrmg to my,. This was the specific case presented in
= ef. [7].

Here the situation is different in two ways. Fir§; is a
£ ¢+ i§+(¢?¢f+¢f¢?) good symmetry a_ls'far as the Yukawa couplings are con-
V2 cerned. Second, it is softly broken only at the electroweak

energy scale. Hence there is 183 breaking contribution
from the renormalization of the coupling matrix. As for the
finite correction to the mass matrix, because of the approxi-
mationsh,=0 andv,=0, there are now only two contribu-

This allows M, to breakS; with v,#v,. In fact, the limits  tions v, v3¢0 s and vav3¢3h3, as shown in Fig. 1. Assum-
h,=0 andv,=0 (which are of course not required by the ing thatu; dominates among all the;;’s in Eq. (13) so that

3
+ 2 mj
ihj=1

+&%%¢% | +H.c. (13
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FIG. 1. One-loop radiative breaking of neutrino mass degen
eracy.

[9] u= — uav3/mZ, the mass matri¥\1,, is now corrected to
read

0 mq adlmg
M,=| Mg O 0 (18)
adlmy 0 (1+2d?)mg
The integrall is given by[7]
G m>
3 > (19

=— " In—
! 4m2\2sirtB m3,

where siRB=v3/(v:+v3). The twofold degeneracy of the
v1- v, Sector is then lifted, with the following mass eigenval-
ues:

a?d?1’m3 a%d?1°m}

~ Mo~ 2(mp+mg)’ Mo 2(mp—mz)’

(20

whereadl<(my—mg)/(mg+ m3) has been used, being jus-
tified numerically. Hence their mass-squared difference is

1 1 2a%d?1?m?

Mp—M3 Mp+Mmg

(21)

Am?=a?d?| ZmS[

2.2
Mg — M3

wherem,=my=m; has been used. Identifying this with so-
lar neutrino vacuum oscillations then yields

(Amz)soI(Amz)atm 24212 2.16x10 13 mg 2
7 =2a°dl*=——| In—| ,
m;, sin*g My

(22

where a=1259 MeV andd=1250 MeV from Eq.(17)
have been used. In the above, bimaximal mixifige.
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SiNP205,=Si20,,=1) has been assumed. FoArh?)s,
~4x1019 eV? in the case of vacuum oscillations and
(AM?) ;m~4% 1072 eV?, this would require

4
mV

sinB

m2 2
(mm—év) ~7.4 eV, (23)

which gives the boundn,<0.6 eV form,>1 TeV and
sir?B<0.7. It is interesting to note that this same numerical
limit in the case of three nearly mass-degenerate neutrinos

was recently obtainefll2] from the consideration of cosmic
structure formation in the light of the latest astronomical
observations.

The choice of Eq(14) in conjunction with Eq(10) means
that neutrinoless double beta dedd} is absent to lowest
order. It also eliminates any one-loop correction to the diag-
onal entries ofM,, in the v4- v, sector. This allows the mass
splitting to be quadrati¢as opposed to linepm | as shown
in Eqg. (20), which is crucial for obtaining the very small
phenomenological value ofAMm?),, for vacuum oscilla-
tions.

IV. LEPTON FLAVOR NONCONSERVATION

Both lepton number and lepton flavor are not conserved in
this model. Whereas lepton number nonconservation origi-
nates from the heavy Higgs triplétand manifests itself at
low energy only through the very small Majorana neutrino
masses, lepton flavor nonconservation originates from the
much less heavy Higgs doublets which are presumably in the
100 GeV mass range. On the other hand hithe of Eq. (11)
are suppressed relative to the gauge couplings because they
are related toM, as shown in Eqs(12) and(14).

Using Eqgs.(14) and(17), it is easily shown that

0

Iy 1 0 e
Ll=(0 12 —-12|| n (24)
5 0 12 1N2 T
and
15 1 0 0 e’
I5]=| 0 cosfr sinbg || n°], (25)
15 0 -—sinfg cosby 7°
where
2 2
_my [mz—my,
tanfg= m. m3+mi . (26)

The interactions ofﬁ?m are then given by
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¢ hyee+ _hssie/; h4CRMM N —th;; hasg oy hSCL\/;L‘SRMT N hg,sL\/EhzlcRT#c
+ 9 hl—\/;R,u,/_LC— hl—\/;RTTC— hasgeut+ h—\/%,u,ec-i- hscrer®+ h—\/% e+ hl—gurc— hl—\/%R Tu®
+ ¢g{ - hs—\/;R,uMC h\s/;R 77°+hycren’+ h—\/%,ue“r h,spe7®— h—\/% e+ hj;R,ur - hs—\/;Rr,uC . (27

wheresg=sin g andcg=cosbg. In the above,

Me m, V2m,
hlzv_, hg=—"F=, hy= o
1 vi2 1
ho=—,  sg=—t  ge=1. (29
Va\/E m;

Consequently, the most prominent rare decays @are
—e e u’, T—e u ut, and 7 —u " u ut, with
branching fractions

B(7'7—>efef,u,+):28(7'7—>ef,uf,ufr):—mim3
8coé‘ﬂmio
2
(29
and
B(r - a- ) mé,m? 1 1 z
T — = —
g 16 co§,8m2¢o sinz,Bmio
1 3
(30

Whereas low-energy tests of this model are limited to
neutrino masses and oscillations, dramatic effects are pre-
dicted at high energies. The production qbfyzvg at future
colliders would yield very clear signals from decays such as
$3—7 e’ and ¢) 57 u*, provided of course that their
masses are such that other would-be dominant channels such
asWW andZZ do not obscure these signals.

V. CONCLUDING REMARKS

To understand the present experimental data on atmo-
spheric and solar neutrinos, a model of neutrino and charged-
lepton mass matrices based on permutation symnsthas
been proposed. It has a twofold degeneracy in the neutrino
mass matrix which is broken radiatively, and allows for a
very small mass splitting, suitable for solar neutrino vacuum
oscillations, as given by E@22). The S; symmetry is main-
tained in the scalar sector by three Higgs doublets which
determine the charged-lepton mass matrix, whereas the neu-
trinos obtain naturally small Majorana masses from their
couplings to a heavy Higgs triplet. Lepton flavor nonconser-
vation at low energy is suppressed by the small charged-
lepton masses. This model may be tested at high energy with
the production and decay of its scalar doublets.

With scalar masses of order 100 GeV, these branching frac-

tions are of order 10*°, much below the present experimen-

tal upper limits[13] which are of order 10°. Note thatu

—eeeis suppressed even more strongly in this model be-

cause its amplitude is proportional tg.m,, .
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