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We show that in seesaw models of neutrino mass in a SBS{10) context, the observed large mixing in
atmospheric neutrinos naturally leads to labge transitions. If the associated né®P phase turns out to be
large, this SUSY contribution can drastically affect tbe violation in some of thd8 decay channels yielding
the B and y angles of the unitarity triangle. They can even produce siz&ffteasymmetries in some decay
modes which are ndE P violating in the standard model context. Hence the observed large neutrino mixing
makes observations of the low energy SUSY effect in s@Reviolating decay channels potentially promising
in spite of the agreement between the standard model and dKtarmd B physics so far.
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[. INTRODUCTION large mixing between second and third generation in the neu-
trino case entails not only some large LFV, but also some
In the past couple of years we have obtained three majdarge mixing among quarks of the second and third genera-
pieces of information on flavor physics from experiment:tion which sit together with the leptons in a GUT multiplet.
large neutrino mixing in atmospheric neutrinos, the existenc his is indeed what may happen for the right-handed quark
of “direct CP violation” in the neutral kaon systemi/e and  supermultiplets in a SUSBU(5) construction with a see-
observation ofCP violation in B— /K. Only the first of  saw mechanism6].
these three results clearly calls for new physics beyond the Motivated by the three above experimental observations
standard mode(SM) for its explanation. As fore'/e, the  and the above-mentioned theoretical considerations in a
theoretical uncertainties surrounding the SM predictions presysy context, this paper addresses the following question:
vent any firm conclusion. Nevertheless, it is reassuring tq, 3 SUSY seesaw context where neutrino and up-quark cou-
notice that, in '_[hg most familiar anq promising extensiqn Ofplings are the result of the grand unified theéBUT), how
the SM, the minimal supersymmetric SWISSM), there is |00 can the SUSY contributions @P violation in B phys-
indeed room fo_r a Iarge_contrlbutlon td/e_even n f[he ics be? So far it has been observed that, considering a model-
presence of a tiny deviation from flavor universality in theindependent parametrization of tBé violating SUSY con-
terms which break supersymmet§USY) softly [1]. As for tributions inB physics, it is possible, compatibly with all the

the observedCP violation in B physics, the results are in " . . L
agreement with the SM expectation, but they leave open th xisting phenome_nologlcal constraints, to Obta'f‘ S|_zea_ble_ef-
possibility of large CP violating contributions from new ects. However, given that we h"_’“’e now a precise |_nd_|cat|on
physics(in particular the MSSM in other decay channels of Iarge LFV eﬁeqts in .the neuFrlno sector, we flnq |t. timely
and important to link this experimental fact to predictions for

which should be observable in the near futurddactories PU ) ;
or hadron colliders. B physics in a motivated SUSY GUT context which accounts

The new physics involved in explaining the atmosphericfor the atmospheric neutrino results. _

neutrino observations must provide a mass to neutrinos and We find that (i) differently from SU(5)-like schemes

guarantee at least one maximal mixing in the leptonic sectodhere one has to assume the largeness of some neutrino

One of the best candidates to accomplish these tasks is t§@upling to infer large quark flavor violatiofFV) from the

seesaw mechanisf2,3]. It has been known for a long time Observed large neutrino mixing, in &0(10)-like context

that, at variance with what occurs in the non-SUSY case, théhe link between this latter phenomenon and labge tran-

SUSY version of the seesaw mechanism can potentially leasitions is automatically ensuredj) the mixing B,-Bs can

to large lepton flavor violatingLFV) effects[4].1 Obviously,  receive large SUSY contributions comparable, if not larger,

then, if one combines the SUSY seesaw with the idea ofhan the SM contribution(iii) some of theCP violating B

some hadron-lepton unification, one may suspect that thdecays which yield thgg and y angles of the unitarity tri-
angle are strongly affected by the presence of the SG®Y
violating contributions, whilst other decays which in the SM

For recent works on LFV in SUSY seesaw models, see [8¢f. are predicted to yield the same angles are essentially un-
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touched by SUSY, andv) there exist some decay channels . SO(10)
which do not present any sizealfld®> asymmetry in the pure
SM which develop significantand hopefully observable
CP signals thanks to the large SUSY contributions. The pa- We are motivated b O(10) unification[7], and we de-
per shows that, differently from some pessimistic commorscribe our assumptions on the unified framework in this sec-
lore after the CP and flavor changing neutral current tion. WhenSQ(10) is broken t&SU(5), wehave small mix-
(FCNQ) results inK and B physics so far, the important ings among 10's responsible for CKM mixing, while we
experimental finding in atmospheric neutrinos yields expecneed large mixings amongssto explain the MNS mixing
tations of sizable deviations from the SM in soi@® vio- matrix [8] in the neutrino sector. Then back in ti&€(10)
lating B decays in SUSY GUT schemes where neutrinomultiplets, the top quark comes together with the near-
masses arise from a seesaw mechanism. maximal linear combination of second- and third-generation

5’s. To the extent that we ignore all small Yukawa couplings
except the top Yukawa coupling, the only effect of the
Yukawa coupling appears in the multiplet

The main point of this paper is very simple. Consider an
SO(10) grand-unified theory, which breaks ®U(5) at, 1633 (t_,VindLn) + (tr) S+ URg(drp) *+ (73, URsl Ln)
e.g., 18" GeV. The Yukawa coupling of “third-generation” V(1) @
neutrino is unified with the large top Yukawa coupling thanks RS
to the SO(10) unification. However, the large mixing angle
in atmospheric neutrino oscillation suggests that this “third-where we have use indices, - to represent the indices in
generation” neutrino is actually a near-maximal mixture of Yy basis whilen,m, - are reserved for the basis in whi¥f
v, and v.. On the other hand, the “third-generation” is diagonal. HereyV is the CKM matrix, andU the MNS
charged leptons and down-type quarks have a relatively larg@atrix (some additionalCP violating phases will be taken
unified bottom and tau Yukawa coupling, which is diagonalcare of latey, given the largel ,3 as evidenced in the atmo-
in the SU(5) multiplet that containg . by definition. There- spheric neutrino data, a near-maximal linear combination of
fore, the SU(5) multiplet with the large top Yukawa cou- Sg andbg experiences the large top Yukawa coupling in the
pling contains approximately S(O(10) theory. This simple point produces a large radiative
correction to the soft mass of this linear combination, which
is flavor-off-diagonal in the mass basis of down quarks.
Therefore we can expect a potentially large effedBymix-
ing, and other related effects B physics.
where #=45° is the atmospheric neutrino mixing angle, and Our framework is closely related to that [8] with the

superpotential

A. Framework

II. MAIN POINT

53 =57 cosf+ 57 sin, (1)

5% =(b%b%bCv,,7), (2 1 1
WIE(Yu)ijlalquﬁ E(Yd)ijlﬁlejlod- ()
5 =(s%,858% v, ,u). (3)

Here,Y,, Y4 are up- and down-type Yukawa matricesg
It is interesting that even a large mixing in right-handed=1,2,3 are generation indices, and,1A0, are Higgs mul-
down quarks does not appear in Cabibbo-Kobayashitiplets that contaird, andHg in the MSSM.
Maskawa(CKM) matrix simply because there is no charged- In addition to the above two termg/ must include some
current weak interaction on right-handed quarks. further (renormalizable or non renormalizapMukawa cou-
The top Yukawa coupling then generates@(il) radia-  pling responsible for the right-handed neutrino masses. As
tive correction to the mass afsin #+bcosé, which leads to  usual, this can be achieved either through26) or
a large mixing betwees andb at low energies. This large (16)°/Mp;. _
mixing in turn generates interesting effectsBphysics. Ex- We need at least two Yukawa matricég andY, to gen-
amples include: larg, mixing andC P violation, different ~ erate intergenerational mixings and hence two Higgs multip-
“sin2p” in By— ¢K, from that in By—J/¢K, due to the lets. In th|_s_ sense, this is the_ “minimal” framework of
CP-violating penguin operator, and differenty* values ~ SO(10) unification. However, this makes both, and Yy
from different processes. matrices symmetric. A symmetri¢, is acceptable phenom-
The rest of the paper is devoted to more details of thighologically, while a symmetric requirement féj turns out
simple point. In particular, we demonstrate in the next secl0 be too strict. The reason is simply that, in order to accom-
tion that one can write down semiconcrete models ofmodate both CKM mixing among quarks and Maki-
SO(10) unification which lead to large-s mixing. Itis im-  Nakagawa-SakatdNS) mixing among leptons, we need to

portant that such models do not necessarily cause too—largséEt
u— ey or other dangerous effects. Then we will discuss de-

tailed consequences of larges in B physics. Ya=0VemYsOrUmn® ., (6)
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in the basis wherer,, and the right-handed neutrino mass where we had absorbed the phase®jninto Q; andE;. Yy
matrix are diagonalsee below. Y} =diag(Yy,Ys,Y,) is the is diagonalized by a biunitary rotation where the matrix act-
positive, diagonalizedy matrix. ®, , ® and®, are diag- ing on the left side represents the relative rotation of the
onal phase matrices. Because of this, we will instead’take left-handed down quarks with respect to the left-handed up
quarks in the basis where the up quark mass matrix is diag-
@10 @ onal. Hence, such matrix is just the usual CKM mixing ma-
Mp, ¢ trix. The matrix acting on the right side represents the rota-
o ) . tion to be performed on the left-handed leptons to go the
Because of the combination of the Higgs multiplet 45, whosg,ysical basis of the charged leptons. It is easy to see that the
VEV (45)#0 breaksSO(10), and theHiggs in 10, the ef-  hase matrix® , can be absorbed into the Majorana mass
fective Yukawa coupling being either in 18ymmetric be-  atrix M after redefiningd; andL ., and, the phase matrix
tween two 16'% or 120 (antisymmetric between two 16'S @ can be absorbed intolJJ(D) deItipIet or EV*) muli-
representations, the matri%; can now have a mixed Sym- ,jet The phase matriced,  are irrelevant as long as the
megry. We imagine thaBO(10) is broken taSU(S) around  cojored triplet Higgs boson can be ignored as emphasized
10" GeV, and this operator is large enough for the down-efore. Hence such matri is to be identified with the
type Yukawa matrix. Note that we defiveandU matrices 0 neytrino mixing matrixU s if we are in a basis where the
be in the CKM form with only onéCP violating phase each. pnysical light neutrinos are mass eigenstates. For this to hap-
Phases ir®, and®y are relevant only when the superheavy pen, given that the neutrino Yukawa coupling matviy is
color triplet components of the Higgs multiplet is involved. diagonal, we have to assume that simultaneously also the
®, is relevant for theCP violation in the neutrino sector right-handed neutrino mass matrM is diagonal. Hence
when the Majorana character of the neutrino mass is i”throughout our discussion we are taki¥g and M simulta-
volved. ) i neously diagonalSuch a situation could result from simple
Now we breakSO(10) to SU(5). Given a strong hierar- (1) family symmetries. As we will comment below, in an
chy among up-type Yukawa CO“P"”QS and th_e large tOpSO(1O)-Iike scheme, with hierarchical® and right-handed
Yukawa coupling, it is natural to stick to the basis Wh¥e  peiring masses, the choice of having such simultaneous di-
is diagonal, ¥,)i;=(Yy)id;; . Further decomposing multi-  540nalization looks rather plausitfle.
plets underSU(5) as 16=10+5;+1;, and keeping only The similarity of the charged lepton and down-quark
the Higgs multiplets 5e 10, and_ﬁje 104, we find® Yukawa matrices is well-known phenomenologically. Quan-
titatively, the relationm,=m_ could be indeed true at the
unification scale, whilemg=m,, m,=my are a factor of
about three off. Here we take the point of view that the
factors of three can be remedied by snll(5)-breaking
+ }M-- 1.1. (8) effects of the framework and do not worry about it. Clearly,
2 lower-generation Yukawa couplings are subject to more cor-
. : . rections simply because their sizes are small. Bighysics
Yug\?\,;lefglfh?;’gm thee act;ien:l_emq;;rtl:jecongr:?:gll,ltnEo signatures we will discuss do not depend on such details as
: ph » WE imi MNS _' y _ y. we end up ignoring all Yukawa couplings except that of the
changing the basis of; 3n the SU(5) superpotential. Thisis top quark. It is important to notice that the order of left- and
an immediate way to see that the only effectWjns IS right-handed fields is the opposite betwe@D; and EjL;
related to the neutrino mass. This, of course, is not necessafpuplings.
ily true with the soft terms, which is the whole point of this  The important outcome of this framework is tteproxi-
paper. _ mate equality of the neutrino and up-quark Yukawa matri-
Further breakingsU(5) down to the standard model, the ces. The light neutrino masses, after integrating out the right-

prediction of this framework is that the Yukawa couplings in handed neutrinos in E49), are given by the superpotential
the MSSM+N (the MSSM together with right-handed neu-

trinos) are
W=(YD)iQiUiH,+ (YD)iLiN;H,

+(V* Yc?RUG)u)ijQiDde Since we assume thM is als_o diagonal in_ the same basis_,
this leads to the light Majorana neutrino mass matrix
(M,)nm= (YD) F(0?|M;)U ke T9U%, in the basis where the
charged lepton masses are diagonal, elfidis the phase of
M; . The immediate conclusion is that the right-handed neu-
trino Yukawa matrix must be roughly doubly hierarchical

1 1
W= 2 (Y,);1616,10,+ 5 (Y); 1616

1 _ _
W= E(YE)i1q1q5u+(YE)i5i1i5u+(Yd)ij1q5j5d

W:%(YE)i(M_1)ij(Y5)J(LiHU)(LiHU)' (10

1
+(V*Y5®Ru®v)ijEiLde+EMijNiNj, 9)

°The absence of renormalizable Yukawa coupling tq &6uld
well be a consequence of discrete symmetries.

SRight-handed neutrino masses arise from _the coupling to “For a discussion of neutrino masses and mixings based on the
SO(10)-breaking Higgs bosons eith€26) or (16)%Mp,, as  simplestSQ(10) mass relations and the seesaw mechanism, see the
usual. work of Ref.[10].
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compared to the up-quark Yukawa matrix. Phenomenologifight-handed down squark mass. In particular, in R@J, it
cally, the large angle Mikheyev-Smirnov-Wolfenstein was shown that the induce:ﬁif2 is large enough to account
(MSW) solution is the most promising solution to the solar for many of the observe@P violating phenomena in the
neutrino problem. Then the two mass splittind4] kaon system providing an alternative to the CKM interpreta-
tion of these data. In Refl12], it was shown thaﬁ?3 can
give rise to aCP asymmetry inB4— ¢Kg much larger than

) I the KM prediction. . . .
Am;=0.3-2X10"" eV", (12) Here we wish to point out first that the off-diagonal mix-

Am2=3x10"% eV?, (12)

strong hierarchyf ;<Y <Y,. To obtain similar mass eigen- case the contraint coming from the upper boundBR( x

values between the largest and the 2nd largest elgenvaluesgsey) turns out to be less severe than in the nadld(5)

suggested by data, we ne¥d/M,~0.2Y?/M;. Moreover, context[6,12.
the basis where th¥, matrix is diagonal must be strongly Because of the larger matter content of 8@(10) GUT

correlated to the basis where the right-handed neutrin%odd the renormalization group evolution frdvh, down

masses are diagonal to achieve this. The simplest possibili% SO(10) breaking scaleM o, is faster than that of the
is to assume their simultaneous diagonalization, as we sa U(5) model. The induced off-diagonal elements in the

above. Note also that all three physi€aP violating phases SUSY breaking mass matrix of the right-handed down

associated with the light 83 Majorana mass matrix are ~ . . . . .
present in this model as free parameters. squarksdg are given by(in the basis in whichYy is diago-

At GUT scale, the top quark mass and the largest neutrinHaD
Dirac mass are equal. As a result the heaviest neutrino mass 1
is mtleg. From the recent fit to the Super-Kamiokande neu- [mg Tom=— —[Y“TYu]nm(3m§+ a(z)) 5 log
trino data and assuming nondegenerate neutrino masses, one R ?
has m,,~0.05 eV. Form;~178 GeV, this corresponds to M
M, of roughly 13° GeV slightly below the GUT scale as +log—], (13
expected. It is very interesting to see that $1©(10) model Ms
ties up neutrino mass, top mass and GUT scale nicely.

*

MlO

whereM5 is the SU(5) breaking scale and

B. Effects on soft masses [Y“TY”]nmI[(@RUYDZUT@’F;]
u nm
The size of the radiative corrections on the SUSY soft LWL

masses induced by the neutrino Yukawa couplings and their =e 'm = )y2IUT*[U],s, (14
possible consequence on low-energy flavor physics had been
studied within theSU(5) unification in Refs[6,12-15. Fol-  \ypere e is the phase from @p),,. Note that these
lowing these papers, we shall assume that above some GUjases are not relevant to any other low energy physics.
unification scale, the SUsY breaking parameters are univer- 1o account for the large atmospheric neutrino mixing, the
sal and can be parameterized by the universal scalar mass.ond and third entries of the third row 0f,s should be

mo, the universalA-parametera, which is the ratio of the of order 14/2, while the first entryl o, is severely limited

SUSY breaking triI_inear scalar interaction to t_he correspondby the CHOOZ experiment 5|<0.11. Hence we obtain
ing Yukawa couplings, th® parameter entering the scalar

bilinear term mixing the two Higgs doublets and the univer-
sal gaugino massi; . The scaleM, , where these universal
SUSY breaking values should be applied depends on the .
details of the SUSY breaking mechanism. Here we shall simWheremg is the top quark mass &llg . N
ply assume it to be near the Planck scale. The factor 5 in the renormallzat!on grourG) coeff|c.|entl

In the context of SUSYSU(5) [6,12, it was shown that, above theS((10) breaking scale is due to the contribution
if the right-handed neutrino singlet is introduced to accouniof the loop diagram with (10,5 multiplets of SU(5) in the
for the data on neutrino oscillation, large neutrino Yukawaloop which is not present ii5U(5). They contribute four
couplings involved in the neutrino Dirac masses, can inducéimes more than the usual (1)5contribution inSU(5), and
large off-diagonal mixings in the right-handed down squark&zR3 can easily beD(1).
mass matrix through renormalization group evolution be- Note thatm,g can be quite different from the pole mass of
tweenM, andMgyr. In addition, the contributions to the aboutm;~178 GeV. The evolution afn,g betweenM, and
scalar masses induced in the running by the neutrino Yukawm ; has been discussed in the literat{it€].
couplings will generally be complex with ne@P violating In SU(5) models, people had assumed that the right-
phases unrelated to the Kobayashi-Maskd#sl) phase in  handed neutrino mass matrix is given by an identity matrix
standard model. The above-mentioned mixings can be pae simplify the analysis. Given only a small hierarchy be-
rametrized as@ﬁz(ng)ij Imgz where g2 is the average tweenAm§9 andAmé for large mixing angle MSW solution,

[YUYU]5= 0.5 (45~ 08) (m /178 Gew?,  (15)
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o br &R - . where the function$s andfg are defined as in Ref18].

From Eqgs(13),(15) we see '[ha5§3 can easily be as large
as 0.5, yielding a SUSY contribution tdM ¢ comparable to
- EH/—X"EF{ T4 3q that of the SM. Hence, in our scheme the operator gives rise

s to a IargeBS-§S mixing with a complex phase which is al-
most unconstrained so far. In contrast, the SM contribution to

FIG. 1. Possible important contributionsBaphysics from large Bs-gs mixing has very small phag@ the usual Wolfenstein
bgr-sg mixing, such aB,-B¢ mixing, and SUSY penguin contribu- convention. This gives rise to many phenomenological con-
tions to By— ¢K transition. sequences as will be sampled below.

the second-generation neutrino Yukawa coupling is sizable, >ccOndlY.d; gives rise to new contribution to dire@&
with a large mixing with the first-generation states. This legdecays. Two categories of contributions are more important.

to quite stringent constraints from the processes such as The first one is @AB=1 box diagram contribution. The sec-
—ey. In our SO(10) framework, however, the neutrino ond is of the type of electromagnetic or gluonic penguin
Yukawa matrix is as hierarchical as the up-quark sector, an@ontributions. There are also contribution of electroweak
only the third-generation Yukawa coupling is significant. In penguin type which we shall ignore because they are gener-
the third-generation multiplet, the electron state appears withlly smaller.

a suppressed coefficiet.3. Therefore, unlike the frame- In B decay processes in which the dominant contribution
works studied in the literature, contributions to processes thah SM is at the tree level, the additional contribution due to
involve the first generatioriike w—e+ y) are suppressed &%, can at most be a small percentage. This is true even if the
by this unknown element in the MNS matrix. In view of this SM contribution comes with strong mixing angle suppres-

fact, we prefer to focus on flavor violating processes 'nVOIV'sion[ZZ] such aB* DK™ or DK*. However, if the initial

g\gp;hre mixing between second- and third-generation in th'sstate mixing(such asBs mixing) plays a strong role in the

R . e

One comment before we proceedBahysics. For ther phenomena, the#; can significantly alter the phenomenol-
— + v process, the result of a recent comprehensive analy?9Y- o _ o
sis of lepton flavor changing processes in R&6] is appli- N B decay processes in which the dominant contributions
cable to our case. It was found that the branching ratio can b@volve one loop contributions, such as the penguin dia-
as large as 10%, when the Yukawa coupling i©(h,) as 9rams, one should expect large additional contribution due to
suggested by O(10). It is interesting to note that singe  the 853 in both amplitude an€CP asymmetry.
—e+ vy is suppressed due to hierarchical Yukawa coupling As an application of the above analysis, we can roughly
of the first two generations and small,;, there is a wide classify the phenomonology into three categories.

[N
=4
&P
(=}
N
Y
k\
1%%\
7]

SR br b

R

range of parameters such as to g&e(7— u+y) observ- (1) Measurements of th@ angle of the unitarity triangle.
able atB-factory experiments consistent with the—~e++y  The leading modeB—J/¢Kg, has large phase from the
constraint{ 17]. initial stateB4 mixing (in Wolfenstein convention and large
real tree level decay. It therefore does not receive significant
IV. CONSEQUENCES IN B PHYSICS contribution from 85,. However, other modes, such Bg
In this section we present some implications of a large— #Ks (b—scc), which, in SM, measures the sanfe can
and complex5§3 in B physics(see Fig. 1L now receive large additional contribution froﬁ‘f3 through
The diagrammatic contributions off; to variousAB=  the penguin diagramgl2,21]. The fractional phase differ-

—AS=2 andAB=—AS=1 processes were worked out in €ncer z=(B(JK9)— B(#Kg)/B(IK,) is a measure 0By,
detail in Ref.[18].5 In particular a complex3, can play a  that can be as large as 50%. -
major role inCP violating B decay§20,12,21,14,2p (2) Measurements of the angle of the unitarity triangle.
The first effect of a conspicuousy, would be a large One class of popular measurementsjomvolvesBs decays
contribution to theA\B= — AS= 2, B.-B mixing through the [23]. In the SM, theBs mixing is real to a good approxima-
— 2% bIEvibE wi h s TS | ffici tion. Therefore any measurementsiotising B decays will
OperatorQ =Sz ,.brSzy*br With complex coefficient be strongly affected by&%,. For example, in B

o> —(Dg) " K™ the CP asymmetry is due to the interference of
S ~ —
Hefr=— Slarl 5 (655)2(24Q 1 x () +66Q;T6(x)), the B decays, which has real amplitude in SM, and B
q (16) decay with complex amplitude after tiBa-Bs mixing. The

two decays are roughly of equal magnitude and the phase of
B, is exactly y in SM. With &%, even the B,— B

SFor an updated analysis of the gluino-mediated SUSY contribu-_’(l:)SyK_+ develops a large phase due to additional com-
tions to theB,-By mixing and to theCP asymmetry in the decay plex contr;{buhon to tRhe mixing. The phase is proportional to
B—J/ K, including the NLO QCD corrections arigl coefficients argM 125239 /[M 15 639) + M1(SM)]) where M 1(SM) and

as computed in the lattice instead of using the vacuum insertio 12( 85, are theB, mixing amplitude of the SM and that
approximation, see Ref19]. due to 653 respectively{ 22].
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Another class of measurement gnare using charg®  may lead to a large mixing betwedn, and'sg because they
decays. For example iB*—D°K™ or D°K*, y is mea- belong to the sam&U(5) multiplets. This occurs naturally
sured through the interference between the two quark leveh SO(10) grand unified models which we have described in
processeb_mﬂs andb—ucs. Along the decay chain the  detail. These models do not give rise to dangerously large
or ¢ produce in the final state B° or D° mesons respec- &— €y and similar processes which involve the first genera-
tively. The two contributions interfere if both® or D° de-  ton, given the current limit orlz from reactor-neutrino
cay to the same final stafg, and have a relative phage  experiments. A large mixing betwedny and si leads to

Here, fp is one of the states that bofh andD can decay Interesting effects inB physics, such as large and
into, such asKk 7+ or CP eigenstatesK *K~, w7, CP-violating B mixing, different “sin28” between By
K< or K¢ [22]. In this measurement, the role played by — ¢Ks and J/¢K, different “y” from various measure-
8%, is negligible, so it measures the same value as in SMMents, andCP asymmetry inBs—J¢, (Ds) " (Ds) .
Therefore, just like8 measurements, by comparingmea-

surements ifBg and inB* decays, one can get a measure of

555. In principle, by comparing g with r.,, which is simi- ACKNOWLEDGMENTS
larly defined, one can get a strong evidence of the existence
of large 553. D.C. is supported by a grant from NSC of ROC and LBL.

(3) Decays which are expected to be essenti@f con- D.C. wishes to thank the Theory Group at LBL and the
serving in the SM. Some of decays may have la@e  Theory Group at SLAC for hospitality while this work is in

asymmetry due to the existence @ﬁs_ ExamplesB,—J¢ progress and Lincoln Wolfenstein for discussion. A.M.
or B¢—(Dg) " (Dg) ™ or B—Xy. thanks the UCB and LBL Theory Groups for kind hospitality

and support at the early stages of this work. This work was
supported in part by the U.S. Department of Energy under
Contracts DE-AC03-76SF00098, and in part by the National

In this paper, we pointed out that a large mixing betweerScience Foundation under grant PHY-95-14797. H.M. was
v, and v, as observed in atmospheric neutrino oscillationalso supported by the Alfred P. Sloan Foundation.

V. CONCLUSION

[1] A. Masiero and H. Murayama, Phys. Rev. L&B3, 907(1999. 575; H. Fritzsch and P. Minkowski, Ann. Phy#.Y.) 93, 193
[2] T. Yanagida, inProceedings of the Workshop on the Unified (1979.
Theory and Baryon Number in the Univerdsukuba, Japan,  [8] Z. Maki, M. Nakagawa, and S. Sakata, Prog. Theor. PB§s.
1979, edited by O. Sawada and A. Sugam®BK Report No. 870 (_1963-
79-18, Tsukuba, 1979p. 95; M. Gell-Mann, P. Ramond, and [9] S. Dimopoulos and L. J. Hall, Phys. Lett. 814, 185 (1995.
R. Slansky, inSupergravity edited by P. van Nieuwenhuizen [10] W. Buchmueller and D. Wyler, Phys. Lett. &1, 291(2002.

11] M. http: .pPS.uci. ith.html
and D. Z. Freedman(North-Holland, Amsterdam, 1979 ElZ}T I\?(r;(); Ft)tﬁylslwl\_/\;v;pau;éesd(sués(g(l)yégsczem m

p. 315. [13] P. Ciafaloni, A. Romanino, and A. Strumia, Nucl. Phig58
[3] E. Witten, Phys. Lett91B, 81(1980; R. N. Mohapatra and G. 3(1996; J. Hisano, T. Moroi, K. Tobe, M. Yamaguchi, and T.
Senjanovic, Phys. Rev. Le#t4, 912(1980; T. Yanagida, Prog. Yanagida, Phys. Lett. B57, 579(1995; J. Hisano, T. Moroi,
Theor. Phys64, 1103(1980. K. Tobe, and M. Yamaguchi, Phys. Rev.33, 2442(1996; K.
[4] F. Borzumati and A. Masiero, Phys. Rev. L%, 961(1986. Tobe and M. Yamaguchi, Phys. Lett. 31, 341(1997); 397,
[5] W. Buchmuller, D. Delepine, and F. Vissani, Phys. Letd%9, 357E) (1997).
171(1999; W. Buchmuller, D. Delepine, and L. T. Handoko, [14] R. Barbieri, L. J. Hall, and A. Strumia, Nucl. PhyB449, 437
Nucl. Phys.B576, 445 (2000; J. Ellis, M. E. Gomez, G. K. (1999; M. B. Causse and J. Orloff, Eur. Phys. J.23, 749
Leontaris, S. Lola, and D. V. Nanopoulos, Eur. Phys. 14C (2002; A. Masiero and O. Vives, Nucl. Phys. @roc. Supp).
319 (2000; J. Hisano and K. Tobe, Phys. Lett. B0, 197 99B, 228(2001); Phys. Rev. Lett86, 26 (2001); D. A. Demir,
(200D; J. A. Casas and A. lbarra, Nucl. PhyB618 171 A. Masiero, and O. Vivesibid. 82, 2447 (1999; G. Baren-
(2001; D. F. Carvalho, J. Ellis, M. E. Gomez, and S. Lola, boim, K. Huitu, and M. Raidal, Phys. Rev. B3, 055006
Phys. Lett. B515 323(2001); T. Blazek and S. F. Kingid. (2001 S. Baek, T. Goto, Y. Okada, and K. Okumuitaid. 63,
518 109(200Y); J. Sato, K. Tobe, and T. Yanagidajd. 498 051701R) (200D; T. Goto, Y. Okada, Y. Shimizu, T. Shindou,
189 (2001); J. Sato and K. Tobe, Phys. Rev. &3, 116010 and M. Tanakaibid. 66, 035009(2002.
(2001); S. Lavignac, I. Masina, and C. A. Savoy, Phys. Lett. B [15] S. Baek, T. Goto, Y. Okada, and K. Okumura, Phys. Re§4D
520, 269(2002). 095001(2002).
[6] T. Moroi, J. High Energy Phy€93, 019(2000; N. Akama, Y.  [16] R. Barbieri, L. J. Hall, and A. Strumia, Nucl. PhyB445 219
Kiyo, S. Komine, and T. Moroi, Phys. Rev. B4, 095012 (1995.
(2002. [17] See, e.g., J. Hisano and D. Nomura, Phys. Re§9D116005
[7] H. Georgi, inParticles and Fields1974 edited by Carl E. (1999; A. Masiero, S. K. Vempati, and O. Vives, Nucl. Phys.
Carlson, AIP Conf. Proc. No. 28AIP, New York, 1975, p. B649 189 (2003.

075013-6



NEUTRINO MIXING AND LARGE CP VIOLATION IN B. .. PHYSICAL REVIEW D67, 075013 (2003

[18] F. Gabbiani, E. Gabrielli, A. Masiero, and L. Silvestrini, Nucl. [21] E. Lunghi and D. Wyler, Phys. Lett. B21, 320(2002.

Phys.B477, 321(1996. [22] D. Chang, W.-F. Chang, W.-Y. Keung, N. Sinha, and R. Sinha,
[19] D. Becirevicet al, Nucl. Phys.B634, 105 (2002. Phys. Rev. D65, 055010(2002.
[20] M. Ciuchini, E. Franco, G. Martinelli, A. Masiero, and L. Sil- [23] I. I. Bigi and A. I. Soni,CP Violation (Cambridge University
vestrini, Phys. Rev. Letf79, 978 (1997. Press, Cambridge, England, 2000

075013-7



