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Neutrino mixing and large CP violation in B physics
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We show that in seesaw models of neutrino mass in a SUSYSO(10) context, the observed large mixing in
atmospheric neutrinos naturally leads to largeb-s transitions. If the associated newCP phase turns out to be
large, this SUSY contribution can drastically affect theCP violation in some of theB decay channels yielding
the b andg angles of the unitarity triangle. They can even produce sizableCP asymmetries in some decay
modes which are notCP violating in the standard model context. Hence the observed large neutrino mixing
makes observations of the low energy SUSY effect in someCP violating decay channels potentially promising
in spite of the agreement between the standard model and data inK andB physics so far.
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I. INTRODUCTION

In the past couple of years we have obtained three m
pieces of information on flavor physics from experime
large neutrino mixing in atmospheric neutrinos, the existe
of ‘‘direct CP violation’’ in the neutral kaon systeme8/e and
observation ofCP violation in B→cKs . Only the first of
these three results clearly calls for new physics beyond
standard model~SM! for its explanation. As fore8/e, the
theoretical uncertainties surrounding the SM predictions p
vent any firm conclusion. Nevertheless, it is reassuring
notice that, in the most familiar and promising extension
the SM, the minimal supersymmetric SM~MSSM!, there is
indeed room for a large contribution toe8/e even in the
presence of a tiny deviation from flavor universality in t
terms which break supersymmetry~SUSY! softly @1#. As for
the observedCP violation in B physics, the results are i
agreement with the SM expectation, but they leave open
possibility of largeCP violating contributions from new
physics ~in particular the MSSM! in other decay channel
which should be observable in the near future atB factories
or hadron colliders.

The new physics involved in explaining the atmosphe
neutrino observations must provide a mass to neutrinos
guarantee at least one maximal mixing in the leptonic sec
One of the best candidates to accomplish these tasks is
seesaw mechanism@2,3#. It has been known for a long tim
that, at variance with what occurs in the non-SUSY case,
SUSY version of the seesaw mechanism can potentially
to large lepton flavor violating~LFV! effects@4#.1 Obviously,
then, if one combines the SUSY seesaw with the idea
some hadron-lepton unification, one may suspect that

1For recent works on LFV in SUSY seesaw models, see Ref.@5#.
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large mixing between second and third generation in the n
trino case entails not only some large LFV, but also so
large mixing among quarks of the second and third gene
tion which sit together with the leptons in a GUT multiple
This is indeed what may happen for the right-handed qu
supermultiplets in a SUSYSU(5) construction with a see
saw mechanism@6#.

Motivated by the three above experimental observati
and the above-mentioned theoretical considerations i
SUSY context, this paper addresses the following quest
in a SUSY seesaw context where neutrino and up-quark c
plings are the result of the grand unified theory~GUT!, how
large can the SUSY contributions toCP violation in B phys-
ics be? So far it has been observed that, considering a mo
independent parametrization of theCP violating SUSY con-
tributions inB physics, it is possible, compatibly with all th
existing phenomenological constraints, to obtain sizeable
fects. However, given that we have now a precise indicat
of large LFV effects in the neutrino sector, we find it time
and important to link this experimental fact to predictions f
B physics in a motivated SUSY GUT context which accou
for the atmospheric neutrino results.

We find that ~i! differently from SU(5)-like schemes
where one has to assume the largeness of some neu
coupling to infer large quark flavor violation~FV! from the
observed large neutrino mixing, in anSO(10)-like context
the link between this latter phenomenon and largeb-s tran-
sitions is automatically ensured,~ii ! the mixing Bs-B̄s can
receive large SUSY contributions comparable, if not larg
than the SM contribution,~iii ! some of theCP violating B
decays which yield theb and g angles of the unitarity tri-
angle are strongly affected by the presence of the SUSYCP
violating contributions, whilst other decays which in the S
are predicted to yield the same angles are essentially
©2003 The American Physical Society13-1
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touched by SUSY, and~iv! there exist some decay channe
which do not present any sizeableCP asymmetry in the pure
SM which develop significant~and hopefully observable!
CP signals thanks to the large SUSY contributions. The
per shows that, differently from some pessimistic comm
lore after the CP and flavor changing neutral curren
~FCNC! results in K and B physics so far, the importan
experimental finding in atmospheric neutrinos yields exp
tations of sizable deviations from the SM in someCP vio-
lating B decays in SUSY GUT schemes where neutr
masses arise from a seesaw mechanism.

II. MAIN POINT

The main point of this paper is very simple. Consider
SO(10) grand-unified theory, which breaks toSU(5) at,
e.g., 1017 GeV. The Yukawa coupling of ‘‘third-generation
neutrino is unified with the large top Yukawa coupling than
to theSO(10) unification. However, the large mixing ang
in atmospheric neutrino oscillation suggests that this ‘‘thi
generation’’ neutrino is actually a near-maximal mixture
nm and nt . On the other hand, the ‘‘third-generation
charged leptons and down-type quarks have a relatively la
unified bottom and tau Yukawa coupling, which is diagon
in theSU(5) multiplet that containsnt by definition. There-
fore, theSU(5) multiplet with the large top Yukawa cou
pling contains approximately

53* 55t* cosu15m* sinu, ~1!

whereu.45° is the atmospheric neutrino mixing angle, a

5t* 5~bc,bc,bc,nt ,t!, ~2!

5m* 5~sc,sc,sc,nm ,m!. ~3!

It is interesting that even a large mixing in right-hand
down quarks does not appear in Cabibbo-Kobaya
Maskawa~CKM! matrix simply because there is no charge
current weak interaction on right-handed quarks.

The top Yukawa coupling then generates anO(1) radia-
tive correction to the mass ofs̃ sinu1b̃cosu, which leads to
a large mixing betweens̃ and b̃ at low energies. This large
mixing in turn generates interesting effects inB physics. Ex-
amples include: largeBs mixing andCP violation, different
‘‘sin 2b’’ in Bd→fKs from that in Bd→J/cKs due to the
CP-violating penguin operator, and different ‘‘g ’’ values
from different processes.

The rest of the paper is devoted to more details of t
simple point. In particular, we demonstrate in the next s
tion that one can write down semiconcrete models
SO(10) unification which lead to largeb̃-s̃ mixing. It is im-
portant that such models do not necessarily cause too-l
m→eg or other dangerous effects. Then we will discuss
tailed consequences of largeb̃-s̃ in B physics.
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III. SO„10…

A. Framework

We are motivated bySO(10) unification@7#, and we de-
scribe our assumptions on the unified framework in this s
tion. WhenSO(10) is broken toSU(5), wehave small mix-
ings among 10’s responsible for CKM mixing, while w
need large mixings among 5’̄s to explain the MNS mixing
matrix @8# in the neutrino sector. Then back in theSO(10)
multiplets, the top quark comes together with the ne
maximal linear combination of second- and third-generat
5̄’s. To the extent that we ignore all small Yukawa couplin
except the top Yukawa coupling, the only effect of th
Yukawa coupling appears in the multiplet

16i 53{~ tL ,VtndLn!1~ tR!c1Un3* ~dRn!
c1~nL3 ,Un3* l Ln!

1Vtn~ l Rn!
c, ~4!

where we have use indicesi , j ,• to represent the indices in
Yu

D basis whilen,m,• are reserved for the basis in whichYd

is diagonal. Here,V is the CKM matrix, andU the MNS
matrix ~some additionalCP violating phases will be taken
care of later!, given the largeU23 as evidenced in the atmo
spheric neutrino data, a near-maximal linear combination
sR andbR experiences the large top Yukawa coupling in t
SO(10) theory. This simple point produces a large radiat
correction to the soft mass of this linear combination, wh
is flavor-off-diagonal in the mass basis of down quar
Therefore we can expect a potentially large effect inBs mix-
ing, and other related effects inB physics.

Our framework is closely related to that in@9# with the
superpotential

W5
1

2
~Yu! i j 16i16j10u1

1

2
~Yd! i j 16i16j10d . ~5!

Here, Yu , Yd are up- and down-type Yukawa matrices,i , j
51,2,3 are generation indices, and 10u , 10d are Higgs mul-
tiplets that containHu andHd in the MSSM.

In addition to the above two terms,W must include some
further ~renormalizable or non renormalizable! Yukawa cou-
pling responsible for the right-handed neutrino masses.
usual, this can be achieved either through^126& or
^16 &2/M Pl .

We need at least two Yukawa matricesYu andYd to gen-
erate intergenerational mixings and hence two Higgs mul
lets. In this sense, this is the ‘‘minimal’’ framework o
SO(10) unification. However, this makes bothYu and Yd
matrices symmetric. A symmetricYu is acceptable phenom
enologically, while a symmetric requirement forYd turns out
to be too strict. The reason is simply that, in order to acco
modate both CKM mixing among quarks and Mak
Nakagawa-Sakata~MNS! mixing among leptons, we need t
set

Yd5QLVCKM* Yd
DQRUMNSQn , ~6!
3-2
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in the basis whereYu and the right-handed neutrino ma
matrix are diagonal~see below!. Yd

D5diag(Yd ,Ys ,Yb) is the
positive, diagonalizedYd matrix. QL , QR andQn are diag-
onal phase matrices. Because of this, we will instead tak2

W5
1

2
~Yu! i j 16i16j10u1

1

2
~Yd! i j 16i16j

^45&
M Pl

10d . ~7!

Because of the combination of the Higgs multiplet 45, who
VEV ^45&Þ0 breaksSO(10), and theHiggs in 10, the ef-
fective Yukawa coupling being either in 10~symmetric be-
tween two 16’s! or 120 ~antisymmetric between two 16’s!
representations, the matrixYd can now have a mixed sym
metry. We imagine thatSO(10) is broken toSU(5) around
1017 GeV, and this operator is large enough for the dow
type Yukawa matrix. Note that we defineV andU matrices to
be in the CKM form with only oneCP violating phase each
Phases inQL andQR are relevant only when the superhea
color triplet components of the Higgs multiplet is involve
Qn is relevant for theCP violation in the neutrino secto
when the Majorana character of the neutrino mass is
volved.

Now we breakSO(10) to SU(5). Given a strong hierar-
chy among up-type Yukawa couplings and the large
Yukawa coupling, it is natural to stick to the basis whereYu

is diagonal, (Yu) i j 5(Yu
D) id i j . Further decomposing multi

plets underSU(5) as 16i510i15̄i11i , and keeping only
the Higgs multiplets 5uP10u and 5̄dP10d , we find3

W5
1

2
~Yu

D! i10i10i5u1~Yu
D! i 5̄i1i5u1~Yd! i j 10i 5̄ j 5̄d

1
1

2
Mi j 1i1 j . ~8!

It is clear that, in the absence of the second term~neutrino
Yukawa coupling!, we can eliminateUMNS entirely by
changing the basis of 5ī in theSU(5) superpotential. This is
an immediate way to see that the only effect ofUMNS is
related to the neutrino mass. This, of course, is not neces
ily true with the soft terms, which is the whole point of th
paper.

Further breakingSU(5) down to the standard model, th
prediction of this framework is that the Yukawa couplings
the MSSM1N ~the MSSM together with right-handed ne
trinos! are

W5~Yu
D! iQiUiHu1~Yu

D! iL iNiHu

1~V* Yd
DQRUQn! i j QiD jHd

1~V* Yd
DQRUQn! i j EiL jHd1

1

2
Mi j NiNj , ~9!

2The absence of renormalizable Yukawa coupling to 10d could
well be a consequence of discrete symmetries.

3Right-handed neutrino masses arise from the coupling
SO(10)-breaking Higgs bosons either^126& or ^16&2/M Pl , as
usual.
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where we had absorbed the phases inQL into Qi andEi . Yd
is diagonalized by a biunitary rotation where the matrix a
ing on the left side represents the relative rotation of
left-handed down quarks with respect to the left-handed
quarks in the basis where the up quark mass matrix is d
onal. Hence, such matrix is just the usual CKM mixing m
trix. The matrix acting on the right side represents the ro
tion to be performed on the left-handed leptons to go
physical basis of the charged leptons. It is easy to see tha
phase matrixQn can be absorbed into the Majorana ma
matrix M after redefiningD j andL j , and, the phase matrix
QR can be absorbed into (UD) multiplet or (EV* ) multi-
plet. The phase matricesQL,R are irrelevant as long as th
colored triplet Higgs boson can be ignored as emphas
before. Hence such matrixU is to be identified with the
neutrino mixing matrixUMNS if we are in a basis where th
physical light neutrinos are mass eigenstates. For this to h
pen, given that the neutrino Yukawa coupling matrixYu is
diagonal, we have to assume that simultaneously also
right-handed neutrino mass matrixM is diagonal. Hence
throughout our discussion we are takingYu and M simulta-
neously diagonal. Such a situation could result from simp
U(1) family symmetries. As we will comment below, in a
SO(10)-like scheme, with hierarchicalYu

D and right-handed
neutrino masses, the choice of having such simultaneou
agonalization looks rather plausible.4

The similarity of the charged lepton and down-qua
Yukawa matrices is well-known phenomenologically. Qua
titatively, the relationmb5mt could be indeed true at th
unification scale, whilems5mm , me5md are a factor of
about three off. Here we take the point of view that t
factors of three can be remedied by smallSU(5)-breaking
effects of the framework and do not worry about it. Clear
lower-generation Yukawa couplings are subject to more c
rections simply because their sizes are small. TheB-physics
signatures we will discuss do not depend on such detail
we end up ignoring all Yukawa couplings except that of t
top quark. It is important to notice that the order of left- a
right-handed fields is the opposite betweenQiD j and EiL j
couplings.

The important outcome of this framework is the~approxi-
mate! equality of the neutrino and up-quark Yukawa mat
ces. The light neutrino masses, after integrating out the rig
handed neutrinos in Eq.~9!, are given by the superpotentia

W5
1

2
~Yu

D! i~M 21! i j ~Yu
D! j~LiHu!~L jHu!. ~10!

Since we assume thatM is also diagonal in the same basi
this leads to the light Majorana neutrino mass mat
(mn)nm5(Yu

D) i
2(v2/uMi u)Uni* e2 id iUmi* in the basis where the

charged lepton masses are diagonal, andeid i is the phase of
Mi . The immediate conclusion is that the right-handed n
trino Yukawa matrix must be roughly doubly hierarchic

o 4For a discussion of neutrino masses and mixings based on
simplestSO(10) mass relations and the seesaw mechanism, se
work of Ref. @10#.
3-3
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compared to the up-quark Yukawa matrix. Phenomenolo
cally, the large angle Mikheyev-Smirnov-Wolfenste
~MSW! solution is the most promising solution to the so
neutrino problem. Then the two mass splittings@11#

Dm%

2 .331023 eV2, ~11!

Dm(
2 .0.32231024 eV2, ~12!

are not very different, especially after taking their squa
root. On the other hand, the up-quark Yukawa matrix ha
strong hierarchyYu!Yc!Yt . To obtain similar mass eigen
values between the largest and the 2nd largest eigenvalu
suggested by data, we needYc

2/M2;0.2Yt
2/M3. Moreover,

the basis where theYu matrix is diagonal must be strongl
correlated to the basis where the right-handed neut
masses are diagonal to achieve this. The simplest possib
is to assume their simultaneous diagonalization, as we
above. Note also that all three physicalCP violating phases
associated with the light 333 Majorana mass matrix ar
present in this model as free parameters.

At GUT scale, the top quark mass and the largest neut
Dirac mass are equal. As a result the heaviest neutrino m
is mt

2/M3. From the recent fit to the Super-Kamiokande ne
trino data and assuming nondegenerate neutrino masses
has mn3

;0.05 eV. Formt;178 GeV, this corresponds t

M3 of roughly 1015 GeV slightly below the GUT scale a
expected. It is very interesting to see that theSO(10) model
ties up neutrino mass, top mass and GUT scale nicely.

B. Effects on soft masses

The size of the radiative corrections on the SUSY s
masses induced by the neutrino Yukawa couplings and t
possible consequence on low-energy flavor physics had b
studied within theSU(5) unification in Refs.@6,12–15#. Fol-
lowing these papers, we shall assume that above some
unification scale, the SUSY breaking parameters are uni
sal and can be parameterized by the universal scalar m
m0, the universalA-parametera0 which is the ratio of the
SUSY breaking trilinear scalar interaction to the correspo
ing Yukawa couplings, theB parameter entering the scal
bilinear term mixing the two Higgs doublets and the univ
sal gaugino massmG . The scale,M* , where these universa
SUSY breaking values should be applied depends on
details of the SUSY breaking mechanism. Here we shall s
ply assume it to be near the Planck scale.

In the context of SUSYSU(5) @6,12#, it was shown that,
if the right-handed neutrino singlet is introduced to acco
for the data on neutrino oscillation, large neutrino Yuka
couplings involved in the neutrino Dirac masses, can ind
large off-diagonal mixings in the right-handed down squa
mass matrix through renormalization group evolution b
tweenM* and MGUT . In addition, the contributions to th
scalar masses induced in the running by the neutrino Yuk
couplings will generally be complex with newCP violating
phases unrelated to the Kobayashi-Maskawa~KM ! phase in
standard model. The above-mentioned mixings can be
rametrized asd i j

R5(md̃
2 ) i j /mq̃2 where mq̃2 is the average
R
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right-handed down squark mass. In particular, in Ref.@6#, it
was shown that the inducedd12

R is large enough to accoun
for many of the observedCP violating phenomena in the
kaon system providing an alternative to the CKM interpre
tion of these data. In Ref.@12#, it was shown thatd13

R can
give rise to aCP asymmetry inBd→fKs much larger than
the KM prediction.

Here we wish to point out first that the off-diagonal mi
ing parameterd23

R is further enhanced in the context of
SUSY SO(10) model. In the next section we will elabora
on the phenomenological consequence of larged23

R . In our
case the contraint coming from the upper bound onBR(m
→eg) turns out to be less severe than in the naiveSU(5)
context@6,12#.

Because of the larger matter content of theSO(10) GUT
model, the renormalization group evolution fromM* down
to SO(10) breaking scale,M10, is faster than that of the
SU(5) model. The induced off-diagonal elements in t
SUSY breaking mass matrix of the right-handed do
squarksd̃R are given by~in the basis in whichYD is diago-
nal!

@md̃R

2
#nm.2

1

8p2
@Yu†Yu#nm~3m0

21a0
2!S 5 log

M*
M10

1 log
M10

M5
D , ~13!

whereM5 is theSU(5) breaking scale and

@Yu†Yu#nm5@QRUYu
D2U†QR* #nm

5e2 i (fm
(L)

2fn
(L))yt

2@U#m3* @U#n3 , ~14!

where eifn
(L)

is the phase from (QR)nn . Note that these
phases are not relevant to any other low energy physics

To account for the large atmospheric neutrino mixing, t
second and third entries of the third row ofUMNS should be
of order 1/A2, while the first entry,Ue3, is severely limited
by the CHOOZ experiment:uUe3u<0.11. Hence we obtain

@Yu†Yu#2350.5e2 i (f3
(L)

2f2
(L))~mtG/178 GeV!2, ~15!

wheremtG is the top quark mass atMG .
The factor 5 in the renormalization group~RG! coefficient

above theSO(10) breaking scale is due to the contributio
of the loop diagram with (10,5ū) multiplets ofSU(5) in the
loop which is not present inSU(5). They contribute four
times more than the usual (1,5u) contribution inSU(5), and
d23

R can easily beO(1).
Note thatmtG can be quite different from the pole mass

aboutmt;178 GeV. The evolution ofmtG betweenM* and
MG has been discussed in the literature@16#.

In SU(5) models, people had assumed that the rig
handed neutrino mass matrix is given by an identity ma
to simplify the analysis. Given only a small hierarchy b
tweenDm%

2 andDm(
2 for large mixing angle MSW solution
3-4
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the second-generation neutrino Yukawa coupling is siza
with a large mixing with the first-generation states. This l
to quite stringent constraints from the processes such am
→eg. In our SO(10) framework, however, the neutrin
Yukawa matrix is as hierarchical as the up-quark sector,
only the third-generation Yukawa coupling is significant.
the third-generation multiplet, the electron state appears w
a suppressed coefficientUe3. Therefore, unlike the frame
works studied in the literature, contributions to processes
involve the first generation~like m→e1g) are suppressed
by this unknown element in the MNS matrix. In view of th
fact, we prefer to focus on flavor violating processes invo
ing the mixing between second- and third-generation in
paper.

One comment before we proceed toB physics. For thet
→m1g process, the result of a recent comprehensive an
sis of lepton flavor changing processes in Ref.@15# is appli-
cable to our case. It was found that the branching ratio ca
as large as 1028, when the Yukawa coupling isO(ht) as
suggested bySO(10). It is interesting to note that sincem
→e1g is suppressed due to hierarchical Yukawa coupl
of the first two generations and smallUe3, there is a wide
range of parameters such as to giveBr(t→m1g) observ-
able atB-factory experiments consistent with them→e1g
constraint@17#.

IV. CONSEQUENCES IN B PHYSICS

In this section we present some implications of a la
and complexd23

R in B physics~see Fig. 1!.
The diagrammatic contributions ofd23

R to variousDB5
2DS52 andDB52DS51 processes were worked out
detail in Ref.@18#.5 In particular a complexd23

R can play a
major role inCP violating B decays@20,12,21,14,22#.

The first effect of a conspicuousd23
R would be a large

contribution to theDB52DS52, Bs-B̄s mixing through the
operatorQ15 s̄R

agmbR
as̄R

bgmbR
b with complex coefficient

He f f52
as

2

216mq̃
2 ~d23

R !2
„24Q1x f6~x!166Q1 f̃ 6~x!…,

~16!

5For an updated analysis of the gluino-mediated SUSY contr

tions to theBd-B̄d mixing and to theCP asymmetry in the decay
B→J/cKs including the NLO QCD corrections andB coefficients
as computed in the lattice instead of using the vacuum inser
approximation, see Ref.@19#.

FIG. 1. Possible important contributions toB physics from large

b̃R-s̃R mixing, such asBs-B̄s mixing, and SUSY penguin contribu
tions toBd→fKs transition.
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where the functionsf 6 and f̃ 6 are defined as in Ref.@18#.
From Eqs.~13!,~15! we see thatd23

R can easily be as large
as 0.5, yielding a SUSY contribution toDMs comparable to
that of the SM. Hence, in our scheme the operator gives

to a largeBs-B̄s mixing with a complex phase which is a
most unconstrained so far. In contrast, the SM contribution

Bs-B̄s mixing has very small phase~in the usual Wolfenstein
convention!. This gives rise to many phenomenological co
sequences as will be sampled below.

Secondly,d23
R gives rise to new contribution to directB

decays. Two categories of contributions are more import
The first one is aDB51 box diagram contribution. The sec
ond is of the type of electromagnetic or gluonic pengu
contributions. There are also contribution of electrowe
penguin type which we shall ignore because they are ge
ally smaller.

In B decay processes in which the dominant contribut
in SM is at the tree level, the additional contribution due
d23

R can at most be a small percentage. This is true even if
SM contribution comes with strong mixing angle suppre

sion@22# such asB6→DK6 or D̄K6. However, if the initial
state mixing~such asBS mixing! plays a strong role in the
phenomena, thend23

R can significantly alter the phenomeno
ogy.

In B decay processes in which the dominant contributio
involve one loop contributions, such as the penguin d
grams, one should expect large additional contribution du
the d23

R in both amplitude andCP asymmetry.
As an application of the above analysis, we can roug

classify the phenomonology into three categories.
~1! Measurements of theb angle of the unitarity triangle.

The leading mode,B→J/cKs , has large phase from th
initial stateBd mixing ~in Wolfenstein convention!, and large
real tree level decay. It therefore does not receive signific
contribution fromd23

R . However, other modes, such asBd

→fKs (b̄→ s̄cc̄), which, in SM, measures the sameb, can
now receive large additional contribution fromd23

R through
the penguin diagrams@12,21#. The fractional phase differ-
ence r b5„b(JKs)2b(fKS)…/b(JKs) is a measure ofd23

R

that can be as large as 50%.
~2! Measurements of theg angle of the unitarity triangle.

One class of popular measurements ong involvesBs decays
@23#. In the SM, theBs mixing is real to a good approxima
tion. Therefore any measurements ofg usingBs decays will
be strongly affected by d23

R . For example, in B̄s

→(Ds)
2K1 theCP asymmetry is due to the interference

the Bs decays, which has real amplitude in SM, and theB̄s

decay with complex amplitude after theBs-B̄s mixing. The
two decays are roughly of equal magnitude and the phas
B̄s is exactly g in SM. With d23

R , even the B̄s→Bs

→(Ds)
2K1 develops a large phase due to additional co

plex contribution to the mixing. The phase is proportional
arg„M12(d23

R )/@M12(d23
R )1M12(SM)#… where M12(SM) and

M12(d23
R ) are theBs mixing amplitude of the SM and tha

due tod23
R respectively@22#.
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Another class of measurement ong are using chargeB
decays. For example inB1→D0K1 or D̄0K1, g is mea-
sured through the interference between the two quark le
processesb→cūs andb→uc̄s. Along the decay chain thec
or c̄ produce in the final state aD0 or D̄0 mesons respec
tively. The two contributions interfere if bothD0 or D̄0 de-
cay to the same final statef D and have a relative phaseg.
Here, f D is one of the states that bothD and D̄ can decay
into, such asK2p1 or CP eigenstatesK1K2, p1p2,
Ksp

0 or Ksf @22#. In this measurement, the role played
d23

R is negligible, so it measures the same value as in S
Therefore, just likeb measurements, by comparingg mea-
surements inBs and inB6 decays, one can get a measure
d23

R . In principle, by comparingr b with r g , which is simi-
larly defined, one can get a strong evidence of the existe
of larged23

R .
~3! Decays which are expected to be essentiallyCP con-

serving in the SM. Some of decays may have largeCP
asymmetry due to the existence ofd23

R . Examples:Bs→Jf
or Bs→(Ds)

1(Ds)
2 or B→Xsg.

V. CONCLUSION

In this paper, we pointed out that a large mixing betwe
nt and nm as observed in atmospheric neutrino oscillati
ed
,

d
n

.

,

a,

B

07501
el

.

f

ce

n

may lead to a large mixing betweenb̃R and s̃R because they
belong to the sameSU(5) multiplets. This occurs naturally
in SO(10) grand unified models which we have described
detail. These models do not give rise to dangerously la
m→eg and similar processes which involve the first gene
tion, given the current limit onUe3 from reactor-neutrino

experiments. A large mixing betweenb̃R and s̃R leads to
interesting effects in B physics, such as large an
CP-violating Bs mixing, different ‘‘sin 2b’’ between Bd

→fKs and J/cKs , different ‘‘g ’’ from various measure-
ments, andCP asymmetry inBs→Jf, (Ds)

1(Ds)
2.
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