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Large neutrino mixing from renormalization group evolution
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The renormalization group evolution equation for two neutrino mixing is known to exhibit a nontrivial
“fixed point” structure corresponding to maximal mixing at the weak scale. Their presence provides a natural
explanation of the observed maximal mixingf— v, if the v, and», are assumed to be quasidegenerate at
the seesaw scale without constraining the mixing angles at that scale. In particular, it allows them to be similar
to the quark mixings as in generic grand unified theories. We discuss implementation of this program in the
case of the minimal supersymmetric standard model and find that the predicted mixing remains stable and close
to its maximal value, for all energies below ti@ (TeV) SUSY scale. We also discuss how a particular
realization of this idea can be tested in neutrinoless double beta decay experiments.
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[. INTRODUCTION ical input compared to the case where one tries to obtain both
Theoretical understanding of experimentally measurediegeneracyshould it be phenomenologically warranteshd
neutrino anomalies poses a major challenge to unified gaugeaximal mixing at the higliseesawscale within the frame-
theories, especially since,— v, mixing has been observed work of quark lepton unification.
to be close to maximal through atmospheric neutrino flux A key role in the above scenario is played by the renor-
measurements whereas the mixing in the correspondingalization group equations for neutrino masses and mixings
guark sector is small. The problem is so severe that, only6,7]. In this paper, we exploit one of the most interesting
over the limited span of the last two years, nearly a hundreénd highly appealing aspect of renormalization gréBR(®)
models have been proposed where considerable effort hagnning of gauge and Yukawa couplings, i.e., the emergence
been devoted to accommodate large neutrino miihj  of a behavior which has similarity to the fixed point structure
There are also interesting suggestions to understand this many renormalizable field theories. For simplicity we will
large mixing in the context of various grand unified theoriescall this fixed point(FP), even though it is different from the
including S@10) [2,3], which unify both quarks and leptons. case of the behavior of the top Yukawa couplir®) dis-
It is however fair to say that no convincing and widely ac-cussed in grand unified theories. As we will see later, our
cepted natural model has yet emerged. “FP” behavior works only for a certain range of parameters
With a view to simplifying model building, we recently of neutrino masses in the theory.
suggested criteria for radiative magnification of neutrino It was noted in[6] that neutrino mixings can have fixed
mixing [4,5] which allow a small mixing at high scale to be points corresponding to maximal mixing and several ex-
amplified to large mixing at the weak scale after renormal-amples were given to illustrate this point in the standard
ization group evolution. The only condition that needs to bemodel and two Higgs model. The desirable value of
satisfied is that the,, andv . be quasidegenerate in mass, for sir?(26)~1 was shown to arise in these models both at the
example, as would be independently required if Liquid Scin-electroweak and at intermediate scales of ordérGeV or
tillation Neutrino DetectoLSND) results are confirmed. In so depending on the model parameters at the high scale. Our
such models, there is no need to impose special constraing®al in the present work is to extend the discussiofbpto
on the theory at high scale beyond those needed to guarantsepersymmetric theoridsninimal supersymmetric standard
quasidegeneracy. They would, therefore, require less theorefaodel (MSSM)] and delineate the constraints on the high
scale theory under which the fixed poifr maximal mix-
ing) occurs around the weak scale. We discuss the conditions
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clarifies the idea of radiative magnification discussed in Refs. u (\872)

[4,5]. We point out that in a special class of models which SM: m(,@z(—) lg 1ol ol

extend this idea to the case of three degenerate neutrinos, Mn 2

searches for neutrinoless double beta decay can provide a mgéé mgM |é|L mgT 1
test of these models.

The paper is organized as follows. In Sec. Il, we discuss x| moigly o b m
radiative correction and derivation of RG equati®RGES 0 77 0o [T 0/
for mixing angle in the standard mod@&M) and MSSM. In mfe\/E Mzl s Myl 7
Sec. lll, we obtain an analytic solution for the RGE and (2.9
demonstrate explicitly the renormalization group fixed point —6/5 —61 6
(RGFB structure. In Sec. IV, we show how the FP occurs MSSM: m(r“):lgl Igz ltop
naturally at the weak scale for quasidegenerate neutrinos 0.2 0 0
leading to the condition of radiative magnification. We also Meele  Meylely  Melel -
derive a new stability criterion and show how the FP and X miel el u mzﬂli miTIMI, .
magnification occur in MSSM starting from small mixings as 0 0 0,2
in the quark sector. In Sec. V, we comment on tests of the Meelel Mylul, mels

radiative magnification scheme in neutrinoless double beta (2.5

decay searches.
y Here,

1 t
Il. RADIATIVE CORRECTIONS AND RGE FOR In(=I{ " hH=e%= exp( T 2] h2(t’)dt’), (2.6)
NEUTRINO MIXING 6m° )t

In both SM and MSSM, we consider radiative corrections@nd h denotes the gauge coupling,(g,) or the Yukawa-

in the flavor basis to the light Majorana neutrino mass ma€oupling-eigenvalue for quarks and charged leptons
trix, m,, which is a 5-dim operator scaled by the high (Yiop:Yb:Y 7Y Ye) - When the running vacuum expectation

mass,My (e.g., seesaw or Majorana neutrino mass scale value(VEV) of the up type Higgs doublet in MSSM is taken
wheré the mas,s matrix is generated, with into account the common factor in E@.5) is changed with
’ the replacementl ®°1 ¢ ®1% 1% 32 and similarly in

SM. In subsequent discussions for the mixing angle we ig-
L,,= —vlelmaﬁvBJr H.c. (2.))  nore common renormalization factors in Eq8.4) and Eq.
(2.5 as they cancel out in the relevant expressions. At any

o ) value oft<ty,
As a result of one-loop radiative corrections the RGEs below

w=My are[6,7] m,,(t)

mTT(t) - mMM(t) ,

and Egs(2.2), (2.3, and(2.7) give the RGEs for sif{26),

tan 20(t)= (2.7

dm
SM: 16:72E =[—3g5+2\+Tr(6Y/ Y +6YLYp

dsir’26 m_+m
SM: 2 =sinf26 cos 26(y2—y?)——F&
+ 1 + dt TR mo—my,,
+2YeYg) Im— 5 [M(YeYe)
2 (m2 —m2 ) 2 2)
=sirf2g———*~& Yo Y
T - 2
+(YeYe) m]. (2.2) (m,,—m,,)*+4m2
(2.9
. 2dm 6 2 2 1) MSSM:
MSSM: 167 H: —ggl—6g2+Tr(6YUYU) m .
dsirf26
+[m(YeYD+(YeYD)Tm]. (2.3 2= —2sif20 co 20(y2~y?)
m,,+m
In Egs.(2.2) and(2.3) g4(g,) are the U(1)[ SU(2),] gauge N
couplings and\ is the Higgs quartic couplingin SM) Mz-—My,
whereasy ;(Yp) andYg are the Yukawa matrices for the up (m2—m2 ) (y2—y?)
(down) quarks and charged leptons. We work in the charged =—2sirf2——L L~ Yo Vi _
lepton diagonal basis where the unitary matlik, that (mT,—mW)2+4mf”
transforms the mass basis to flavor basis is identified as the 2.9

standard Maki-Nakagawa-Sakat®INS) matrix [9]. Using
Eg. (2.2 and(2.3), the mass matrix is evolved from the high All quantities in the right-hand sideRHS) of Egs.(2.8) and
scale down td(= In w)<to(=In My) in the SM or MSSM; (2.9 aret-dependent. As was noted [ii], both RGEs have
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one trivial fixed point at sii26=0 and the other nontrivial Where#y is the high scale mixing angle with

fixed point at siR26=1. Recently the FP structure of the 0

MNS matrix has been investigated[ib0]. Assuming that the tan 20— 2m,,, 3.4
initial high-scale texture of the mass matrix is such that the an o= ml —m? )’ 34
nontrivial fixed point occurs at a scalgi.(M,=<pu, pp
<My,t:= In u), we have the FP condition Given
sirf26(t,) =1, (2.10 M, (/M (1) =(mS, /m2 )e?uDe =250,
or, equivalently, mm(t)/m”(t):(mgijmgr)eﬁﬂ(t)efﬁf(t),
m_(to)=m,,(tc). (2.1)  and using Egs(2.5—(2.7), Eq. (3.3 may be recognized as
the approximation|6,,(t)|<|&,(t)| to the following exact
Ill. ANALYTIC FORMULA AND FIXED POINT analytic solution of Eq(2.9),

Before obtaining analytic solutions to Eq2.8) and(2.9),

_ _ [(m — mzﬂ)2+4mo 2120020,
it is worthwhile to explain why resonance structures in the SiF26(t)=sir’26,

o
(M, () —m,,,()*+4m, (t)?

numerical solution$6,10—13 in the sirf26(t) vs t plots are (3.5
expected for specific textures nﬁﬁ. '
Noting that Replacing 6(t)— 0(u), m;j(t)—m;;(u), 6o— 0(M), and
5 5 m?j—>mij(M), formulas(3.3) or (3.5 can be used to derive
lyAOI*>]y,. (D, B.D  g(u) from @(M) or vice versa for all values oft<M

) <My . It is interesting to note that these analytic solutions
Eq. (2.9 states that n MSSM, asdecreases below, the  expipit both the resonance as well as the nontrivial FP struc-
ratio, R,(t) =m_(t)/m;, decreases faster from its high scale yre explicitly. While detailed features of resonance such as
valueR,(tp) =1, as compared to the rate of decrease of thehe t-dependent width, maximal mixing at the peak, and
ratio R, (t)=m,,(t)/mf,. In particular, the relations in smaller mixings fort>t, or t<t, are clearly exhibited, the

Egs.(2.10 and(2.1)) are satisfied at=t if FP structure is proved as follows. &t., when Eqs(2.11)
0 26,03 0 or (3.2 are satisfied, the quantity inside the parenthesis in
m_esid=m,, . (3.2 the denominator of Eq$3.5) or (3.3) vanishes. Then using

Egs.(3.4), (3.3), and(3.5) give
For the FP to occur a<tq, the high scale texture must be

such thatm?_ and m} , are comparable but unequal with . . (m2,—m¢ )2 .

m?°_ > mfw. Lower values oft, correspond to larger differ- sinf26(t;) = sin2 6, WJrl =sin26,
ences betweem?, andm®,. Also note that since,(t,) KT

depends on ta@ parameter of MSSM, the initial values + cog26,=1. (3.6
mgwﬂ will depend on it in a crucial manner.

From Eq.(2.9) itis clear that whem_(t))=m, ,(t.), the It is to be noted that Ec{S_.G) holds_ for all .initial vall_Jes of
slope of the curve in the siBé(t) vs t plot vanishes at  o<7/4, thus demonstrating the fixed point behavior corre-
=t.. Fort>t., m(t)>m,,(t), the slope is negative, but sponding to maximal mixing. Although the relatl@.G) ap-
for t<t., m,,(t)<m,,(t), the slope is positive as given by Pears to pe true glso f@ly= 7/4 showing that maX|maI mix-
the RGE. Negativepositive slope to the right(left) with ~ ing remains maximal at=t., the RG evolution equations
vanishing slope at=t, is the characteristic feature of a reso- Never satisfyn,(t;) =m,,,(t;) for te<t, if we start with the
nance curve as predicted by H§.9) for MSSM. A similar  initial conditionm?,=m, , which is necessary fofi,= /4.
result emerges for SM from E2.8) with a somewhat dif-  In fact nearly maximal mixings at the high scale are damped
ferent high scale condition witim®, ,>m?_ and the ratios out to small mixings at lower scaleg.(My) due to non-
R,(t) andR,,(t) increase as decreases below. Thus itis ~ vanishing contributions of ~the — quantity[m_(t.)

L . _ 2
clear that for certain given textures at high scate,( ,m?, m,,.(tc)]° in the RHS of Eqs(3.9 or (3.9. Thus the
andm’ ) resonance occurs &t t, converting small mixing Zggl);ggc]:?\;?géab:ﬁ:\r/ti;;or;]ls?)er;xorll;itrr\as“\r/]v% thIZrFP strupturet
at high scale to large mixing at lower scales. . . ’ P > Why farge mixing a
In spite of the terse nature of the RHS of E2.9), using high scales is dampeq out to small mixings near the yveak
the almost exact approximatiohs,(t)|>|8,(t)|, we have scale. Also, the zero mixing angle does not run and continues
T )73 ’

integrated it to obtain an analytic solution for the RG evolu-t0 be Zero down tqu= Mz . _S.imilar analytic solutions are
tion of sirf26 in the MSSM for all values ofu<My, also obtained for SM exhibiting the FP structure with the

replacement 2;(t) — — &;(t), i=u,7 in Egs.(3.3—(3.5).
(M2 —m® )2+ 4m® 2]e?:0 In almost all cases of RG fixed point discussed so far in
T B KT the literature, the FP structure is revealed through the differ-
m?,e2% 0 —m? )2+ 4md 2e2o0" ential RGEs and demonstrated through numerical solutions
(3.3 only. But in the present case, apart from the differential RGE

sin226(t)=sin2200(
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and numerical solutionsee Sec. IV, the analytic solutions Taking the high scale mixings to be small, we obtain the
also exhibit the FP structure explicitly as demonstratednass squared difference at=Mg,
through Eqgs(3.3)—(3.6). S

Am?=m3—m;~Am»sy, [1+5,(tg)], (4.4

IV. RADIATIVE MAGNIFICATION THROUGH THE
FIXED POINT AND STABILITY

02, 5m02( a—25(t _ 1)~ — Am02
When the condition in Eq$2.10 or (2.11) is satisfied for Am%2~2mp¥(e” A1)~ —amy?s (ty). (4.5

r;r: LS:eISt?iAnso(miiiwsgﬁze?\fgtljﬁatnﬁvtZnng?yiergapc;fregisri aleBefore proceeding further, we show analytically how the sta-
g 9 gies, P bility of radiative magnification is controlled by the high

in th - illation nario n r Ive th - - : L
the Vu— Vr 0SC ation scenario necessary tq solve the at scale mixing angle. To generate nearly maximal mixing at a
mospheric neutrino anomaly. In terms of the high scale ma

Sg i o
. - . ower scale 1= u.=Mg=Mj) starting from small mixin
eigenvalues h9,m3), mixing angle @), and radiative cor- f=pc=Ms=M7) g g

. " ) i as in the quark sector at the high scaleg., 6p~V¢p
rection parameters, the condition for FP manifestatiop at ~0.04), the FP position is desired to be stable niy
= u.= Mg then reduces to .

=M. As the FP is a consequence of radiative corrections,
the stability must be guaranteed against smaller changes in
the neutrino mass matrix due to higher order corrections. To
maintain such stability this requires the mixing to be nearly
maximal within at leaspu~ few (M ;). In fact we show that
radiative stability is ensured over a larger range. We define
where s; = sinf, C, = COSbh, Cyq = COSHy and s,  the ranget=ts to tp (u=Mg to ur), within which the

= sin 26,. TakingMg=M, this is recognized exactly as the Mixing remains nearly maximal. Noting that
condition that was derived if4,5] for magnifying small

where

0 0 — 0.2 0.2
(Mz—M3)Cp=26,(ts)(MySp +M3Cy )

—25,(tg)(mhef +mis; ), (4.1

mixing at high scale to large mixing at low energies through O:(tr) = &,(ts) + €,(tr), (4.6
radiative corrections. But, as noted here, the condition is eXyith

act, needs no fine tuning, and emerges as a natural conse-

guence of the manifestation of the FP at the weak scale. For y2 Ly m2(1+ tarf B) ur

small mixing angles atv= My, similar to those existing in e(tp)~ _72|n_: Tﬁln—, (4.7)
the quark sectoie.g., 6o~V p=~0.04), ¢4 ~Czp ~1 and 167" Ms 167v Ms

s;,~0, it is clear that the conditiof#.1) cannot be satisfied 1. 1 remains small|e.|<1) over a wide range of ., we
if the massesny andm§ are hierarchial, or exactly degener- use the FP conditiof2.11) and(3.2), in Egs.(3.3) and(3.5)
ate having the saman0=m3) or oppositeCP parity (mJ  to obtain
=-m3). Also it cannot be satisfied if the masses are
quasidegenerate with opposid parity (m9=—m3). It can 7 _ 1+26,(ty)
be satisfied only if the masses are quasidegenerate at the high sinf26(ty)~ 0 2/,0 2y 2 '

. . 0 0 . . [1+257(t1“)+(m,uﬂ /m,ur )6 (tr)]
scale having the sam€P parity (m,=mj3). Since J, is 4.8
negative, a necessary prediction of MSSM is thgt-mb. In
the SM, 25,(t;) and 25,,(t,) in Eq. (4.1) are replaced by T.h_e s'gability criterion for the FP position and radiative mag-
—5,(t;) and —5,(t;), respectively, and Eq4.1) predicts  nification atu~Ms may be stated as
my>mjJ. These requirements in MSSM or SM are analogous 4.0 2
to the occurrence of quasi fixed points in top-quark Yukawa YeMup
coupling where right order of the top quark mass is obtained 2567*mP 2
only for certain strong interaction couplings. We emphasize r
that the observed large neutrino mixing in the— v, sector  This clearly has the implication that arbitrarily small values
predicts the corresponding (v3) masses to be quasidegen- of high scale mixing cannot maintain a stable FP whereas
erate with the sam€ P parity as a necessary requirement in zero initial mixing continues to remain zero at all lower val-
order that the FP manifests at the lower scale. Under thaes oft and is never magnified. For smaller valueségfor

condition (2.11), with t.=tg, the mass eigenvalues at mZT, the contribution of the third term in the denominator in

2

Pr) o, 4.9

InM—S

=Mgare Eqg. (4.8) becomes larger leading to sharper decrease of the
predicted low scale mixing angle from its maximal fixed
m2(t5)=(mgc§0+ mgséo)[le 25,(tg)]—(M3—mY)c, S, point value. This results in the smaller width of the reso-
nance for smaller values of high scale mixing, (or mf”).
X[1+6(t5)+6,(ts)], (4.2 This feature is clearly exhibited through Figs. 1 and 2, where

we have presented simigk) for =100 GeV-1 TeV taking

My(ts) = (MeG, +mgs; [ 1+28,(t9]+(m5—ma)cys,  Ms=Mz, My=10" GeV, tang=50 andy,=0.49 with
e?%(M2)=0.929. The high scale parameters for Fig. 1 are

X[1+8,(ts) +8,(tg)]. 4.3 m?~m§~0.28 eV,m) ~md~0.26 eV, andm’, ~0.0044
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FIG. 1. Manifestation of the fixed point at the weak scale and FIG. 2. Same as Fig. 1 but for ség~V,~0.04, y,~0.49,
stability of radiative magnification of small high scale mixing mgﬂmmggo,% eV, m2, ~mJ~0.27 eV, m27-v0.0008 eV, and

Sin6;~0.22 to nearly maximal mixing at low energies fgr. ~ Am?~7x10 % eV? consistent with atmospheric neutrino data.
~0.48, tan3~50, m%,~m)~0.26 eV, m,~m3~0.28 eV, and

m?,=0.0044 eV consistent with atmospheric neutrino datant | h q q ing di q
~4x10°% e\?). n contrast to the energy dependent mixing discusse

above, for the first time we find here a very attractive new
feature of the other class of MSSM with higher SUSY scale
Ms=0 (TeV) where stable and almost energy independent
mixing, close to its maximal value, is predicted over a wider
range of energy scalg=M,—few TeV starting from the
high scale mixing similar to the quark sectofp=V,y

S . . ~0.04. Using the technique explained above, the high scale
the width is substantially narrower than Fig. 1 and si.2 parameters are chosen to have the RG fixed point at the

reduces by nearly 20% from its maximal value over the - . .
range of 100—500 GeV. Such energy dependent mixing beSUSY scaleMs=1 or few TeV. Then the origin of negli-

tween the two neutrinos, as a prediction of MSSM when bottPiP!e energy dependence in the predicted mixing at all lower
the FP and the SUSY scale areMiz= M, might be possible  €N€rgy scales is explained by noting the non-SUSY SM pre-

to testify or falsify in the future by high energy neutrino diction for whichy;~0.01 belowMs,
experiments. SM: My;=u<Mg,

eV corresponding tof,=0.22 consistent withAm?~4
x 102 eV? needed for atmospheric neutrino data. For Fig.
2 these parameters ang, ~mg~0.27 eV,m, ~my~0.25
eV, and mzﬁ0.000B eV corresponding t6,=V_.,=0.04
consistent witlAm?~7x10"% eV2. Itis clear that in Fig. 2

2
{{m,(Mg)—m,,(Mg)]?+4m’, (Mg)}(M of p)yHiee’
2 2
(M, (Mg)(Mg/ )7 ~m, (M 9 1>+4m;, (Mg)(M of )17

Sinf26(u)=sinf26(Mg) (4.10

2 2
4miT(MS)(M5/,u)yT/15’T
2 2 2 2
miM(MS)[(M s/ p)Y o =112+ 4mi‘r(M o) (Mgl p)Y716m

=sirf20(Mg) (4.12)

where Eq(4.11 has been obtained from E@L.10 by using  resonance structure at.~1 TeV when the SUSY scale is
the FP conditionm,(Mg)=m,,(Mg). Then, because of M and the evolution of mixing throughout is as in MSSM
smallness of ther-Yukawa coupling in the SM withy,  given by Eqs(3.3) or (3.5). The part of the solid line below
=0.01in Eq.(4.1]) there is negligiblex dependence and the u~1 TeV exhibiting almost flat behavior of the predicted
predicted mixing remains stable, close to its maximal valuemixing angle, with sin 2(x)~0.99, has been obtained using
for all values ofu below Ms=0O (TeV). This behavior is  Eq. (4.11) with y,=0.01 and corresponds to the FP and the
shown in Fig. 3 for initial values offy=V,,=0.04, m\J  SUSY scale both a¥lg~1 TeV. In this case the formula in
~m? =0.1543 eV, mj~m} =0.1434 eV, m) =0.00044 Eq.(4.9) applies to the part of the curve aboMbs~1 TeV.
eV, Am?’=4x10 3 eV? and other values of parameters Thus, we have shown for the first time that after radiative
same as in Figs. 1 and 2, but now having the FMat=1 maghnification through manifestation of fixed point at
TeV. The dashed line of Fig. 3 shows the continuation of the=M =0 (TeV) the predicted mixing remains stable and
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FIG. 3. Radiative magnification and an explicit demonstration of )
stability of large neutrino mixing at lower scales far<Mg. The FIG. 4. Allowed lower bOUHdZS for the common marst (lr;
high scale parameters ahy=10" GeV, sinf,=V,,=0.04, m2.  €V), for varying tan, with AmZ ~4x10"° eV?, M\=10"
~m}=0.1543 eV,mfm%mg=0.1434 eV,mi,%0.000M eV with GeV, andMg=1 TeV. For any other value dfly /Mg, the corre-
Am?~4x10"% eV2. The dashed line is the continuation of the sponding lower value fom, scales accordingly.
resonance curve with the FP atl TeV and SUSY scaléMg
=M. The part of the solid line almost flat below 1 TeV has been
obtained with both the FP and SUSY scalesat TeV. The value

: : Mee= >, UZm (5.2

of y, is 0.49(0.01) for MSSNBM) corresponding to tag=50. ee™ 4 ek ko .

close to its maximal value at all lower energy scales. In thigvherek denotes the mass eigenstate label. For our case with
regard our analysis favors the class of MSSM withTeV)  Uek<1, Mee=my Wherem, is the common mass of all the
SUSY scale. neutrinos. We will show now that for the radiative magnifi-
As explained in[4,5] while keeping the quasidegenerate cation scheme to work, one must haye a lower limit on the
eigenstates, and v5 to have the sam€P parity for radia- cOmmon mass of all neutrinos, which depends on the
tive magnification, it is necessary to ha@é parity of v, to value of tan of the MSSM. From Eq(4.5), we have the
be opposite to prevent radiative magnification in the- v lower bound
sector from small values of;; which are consistent with
CHOOZ-PALOVERDE[13] bound. In this case the solar <
neutrino anomaly is explained by— v, oscillation through m2(1+ tarf 8)In(My/Msg)
small angle MSW effect.

2.2 2
4mv Amg, )

mg . (5.2

In Fig. 4, for a fixedM /Mg, we show the variation of the
lower bound onm, with tang. We have choseil =10
V. TESTING RADIATIVE MAGNIEICATION BY GeV,Mg=1 TeV and we see that for Iqwer t@wvalues, the
NEUTRINOLESS DOUBLE BETA DECAY Iower_b_o_und on the common mass increases. In fact, for
small initial mixings, a lower common mass implies a larger
. . . o tanB. For large tamB~50-60, with My=10" GeV and
In this section, we briefly remark on the implications of M<=1 TeV, the lower bound on the common mass varies in
our magnification scheme for neutrinoless double beta decatyle rangem(;~0.18—0.20 eV. Thus, once supersymmetry is
experiments. _ _ o discovered and the value of t@nis determined, combining
So far we have considered only two generation mixing. Ingis with the improved searches for neutrinoless double beta
complete models, one will have to embed this mechanisngecay[14], one can test the idea of radiative magnification
into scenarios with three generations or three generationgy the three generation model. In particular, note that the
plus a sterile neutrino. In the former caseyif and v, are  |ower limit on m, predicted above is very near the present
degenerate, then we have all three neutrinos nearly degengfpper limits. This should provide strong motivation to im-

ate in mass in order to fit solar and atmospheric neutringyrove the limits on the lifetime of neutrinoless double beta
data. In particular, we could have all three neutrinos to havejecay.

the sameCP. An example of such an extension is given in
[5]. We see below that in this particular embedding of our
scenario, neutrinoless double beta decay can provide a test of
the idea of radiative magnification of the atmospheric neu- We presented the analytic formula for RG evolution of
trino mixing. neutrino mixing which demonstrates explicitly the FP struc-
Neutrinoless double beta decay experiment measures ture corresponding to maximal neutrino mixing at the weak

VI. CONCLUSION
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scale leading to the condition of radiative magnification. We-generation embedding of this model by improving limits on
have derived stability criterion for radiative magnification the common mass), from Ov3 searches.
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