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We study the flavor changing procesaés» B/§XS andJ/ z,//—>D/5Xu in B factories and tau-charm facto-
ries. In the standard model, these processes are predicted to be unobservable; so they serve as a probe of new
physics. We first perform a model-independent analysis, then examine the predictions of the models, such as
the top-color models, the MSSM witR-parity violation, and the two-Higgs-doublet model, for the branching
ratios onHBIEXS and J/szDISXu. We find that these branching ratios could be as large a$ a6d
1075 in the presence of new physid§0556-282(199)00513-5

PACS numbds): 13.25.Gv

I. INTRODUCTION We begin with a model-independent description of the

o . o processesY —B/BX, and J/—D/DX,. In the standard
_The possibility of observing larg€P violating asymme-  model these decays can proceed through tree and penguin
tries in the decay oB mesons has motivated the constructionprocesses. For new physics contributions to these processes

of high luminosityB factories at several of the world’s high we concentrate on four-quark operators of the tgipbb and

ener hysics laboratories. TheBefactories will be pro- —— :
g9y pny P uccc. We choose the currents in the four-quark operators to

ducing roughly about 0 Y’s. Meanwhile, BES has already ]
accumulated & 10° J/¢ and plans to increase the number be scalars and so these operators may arise through exchange

to 5x 10 in the near future. An interesting question that we©f @ heavy scalar for, e.g., a Higgs boson or a leptoquark in
investigate in this paper is whether the large sample olithe SOme model of new physics. These four-quark operators, at
andJ/ can be used to probe flavor changing processes ithe one-loop level, generate effectiveb{g,y,Z} and

the decays o andJ/¢. In particular we look at the flavor yc{g,y,Z} vertices which would effect the flavor changing
changing process&— B/BX; andJ/+—D/DX,, fromthe  decays of thdB andD mesons. The effective vertices for an
underlyingb— s andc— u quark transitions. For the quarko- on-shellg and y vanish and so there is no contribution to
nium system, these flavor changing processes are expecteddo- sy or c—uy. We can, however, put constraints on these
be much smaller than in the case of decays of Bher D operators by considering the procesdes:sl™l~ and c
medsorr]] because of the |af99L_dﬁng widths Orl: the bottonium, y|*| -, The constrained operators can then be used to cal-
and charmonium systems which decay via the strong inter- . ; =
actions. Indeed tr?/e standard modely contributions%(to culate_the branching ratios fol —B/BXs and J/i

ns > _ ) D/DX,.
—B/BXg andJ/¢—D/DX, are tiny. However, new physics - u . .
may enhance the branching ratios for these processes We then consider some models that may generate the kind

Whether this enhancement will be sufficient for these pro—Of four-quark operators described above. A few examples of
cesses to be observable in the next round of experiments odels Wh_er_e these operators can be generated are top color
the subject of this work. The invisible decaysYfandJ/ ¢ m_odels, m_'”'m?' su_persymmetnc standard mQ(MSSM)
resonances in the standard model and beyond have pedfiin R-parity violation and a general two-Higgs-doublet
model without any discrete symmetry. In some cases con-

studied recently1]. . ) e
Nonleptonic decays of heavy quarkonium systems can bgtralnts on the parameterst_hat appear in the prediction for the

more reliably calculated than nonleptonic decays of heav{ranching ratios foryY —B/BX and J/¢—D/DX, are al-
mesons. A consistent and systematic formalism to handi&ady available. In other cases the parameters are con-
heavy quarkonium decays is available in nonrelativistic QCDstrained, as in our model-independent analysis, from the pro-
(NRQCD) [2] which is missing for heavy mesons. As in the cessed—sl"I~ andc—ul*l".

meson systerfd] it is more fruitful to concentrate on quasi-  In the sections which follow, we describe the effective
inclusive processes such a—B/BX; and J/¢—D/DX,  Hamiltonian for theY —B/BXs andJ//—D/DX,. Next we
because they can be calculated with less theoretical unceflescribe the calculation of the matrix elements and decay
tainty and have larger branching ratios than purely exclusivéates for these processes. We then discuss the calculation of
quarkonium nonleptonic decays. The branching ratios of exthe effectivesb{g,y,Z} and uc{g,y,Z} vertices and con-
clusive flavor changing nonleptonic decaysYofandJ/ in straints from the processes-sl™l~ andc—ul*l1~. This is

the standard model have been calculated and found to Hellowed by a description of some models that can generate
very small[4]. the new four-quark operators in the effective Hamiltonian for
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Y —B/BX, and J//—D/DX,. Finally we present our re-

sults and conclusions.

II. EFFECTIVE HAMILTONIAN

In this section we present the effective Hamiltonian Yor

PHYSICAL REVIEW D60 014011

c,=-0.307, c,=1.147,c5=0.017,
c4=-0.037, c;=0.010, c5= —0.045,
cl=-1.24x10°°, c5=3.77x10 4,

cy=—0.010, c},;=2.06x 10 3,

decays. The effective Hamiltonian for charmonium decays

can be written down by making obvious changes. In the stan-
dard model(SM) the amplitudes for hadroni¥ decays of

u,c__ u,c _ u,c u,c__ u,c u,c _
C35=—Cgp/Nc=Pg"/N¢, c79=Pg™, cg1=0,

()

the typebb—sb+sb are generated by the following effec- \yhereN, is the number of colors. The leading contributions

tive Hamiltonian[5,6]:

10

G
—=| VipVig(c10%+c,03) — 23 (VupViCi

V2

q _
Heff_

+VepVi i+ Vip Vi) O [ +H.c., (1)

where the superscriptsc,t indicate the internal quark,can
be au or ¢ quark, andqg can be either a or a s quark
depending on whether the decay isA&=0 or AS=-1
process. The operato@ are defined as

0%1=0, v, Lfsfg7"Lb,,
ngzayMLff_'y"Lb,
Og,Sza’yMLba’ ’)/,U.L( R)Q’ ’

09 6= da,L a7, L(R)GL, 2

q 3— N ’
O7¢6= EQVﬂLbeq'q Y*R(L)Q',

q 3— 7 ’
08,10:Eqa'yMLbBeq’qﬁyuR(L)qa )

whereR(L)=1=* yg, andq’ is summed over all flavors ex-
ceptt. Oy 5 are the tree level and QCD-corrected operators
O;_¢ are the strong gluon-induced-penguin operators, and

the operators0,_;, are due toy and Z exchange(elec-

troweak penguinsand “box” diagrams at the loop level.

The Wilson coefficient$if are defined at the scale~m,

and have been evaluated to next-to-leading order in QCD.
Thec! are the regularization scheme independent values ob-

tained in Ref.[7]. We give the nonzercu:if below for m;
=176 GeVa 4(mz)=0.117, andu=m,=5 GeV,

to Py, are given byPi=(ay/8m)c,[ ¥ +G(m;,x,q?)] and
PL=(aen/97) (NeC1+Co)[ £+ G(m; , 1,G?)]. The function
G(m,,q°) is given by

m?—x(1—x)g?

G(m,,u,qz)=4flx(1—x)lanx. (4)
0

All the above coefficients are obtained up to one-loop order
in electroweak interactions. The momentqris the momen-
tum carried by the virtual gluon in the penguin diagram.
When g?>4m?, G(m,u,q%) becomes imaginary. In our
calculation, we use m,=5 MeV, my=7 MeV, mq
=200 MeV, andm.=1.35 GeV[8,9]. For Y —»BX,, the
operatorsO§; and OJ; do not contribute and the gluon mo-
mentum is fixed ag?=M?2 .

A similar expression for the standard model contribution
to the flavor changing decayk ¢ can be written down.

To the standard model contribution we add higher-
dimensional four-quark operators generated by physics be-
yond the standard model. In this paper, we consider the four-
quark operators with two scalar currents:

Ri— 5\ I Iy 5 Ro— 5\ 5
Lnew:PS(l_Y )bb(1+y )b+PS(1+7 )bb(1-y°)b

+H.c. (5)

The four-quark operators ih,.,, are the product of two sca-
lar currents. In Eq(5), A represents the new physics scale
and R; andR, are two free parameters which describe the
strength of the contribution of the underlying new physics to
the effective operators. In our analysis we will only keep
dimension-6 operators suppressed byj2And neglect all
higher dimension operators.

Using a Fierz transformation one can express the scalar-
scalar combination in terms of vector-vector combination.
For instance we can write

So(1—7%)bbs(1+¥%) by

=— ESa‘yM(l‘F '}’S)bﬁgﬁ'yﬂ(l_ ¥°)b,

1_ _
= = o SaYu(1HY7)bbgy (1= °)by
C

=5, Tap7u(1= )b TS ¥ (1= ¥*)ber,  (6)
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whereT? are the SU(3) color matrices with the normaliza- malism based on NRQC[2], which allows a systematic and
tion T{ T2TP]= 6,,/2 andN, is the number of colors. In the consistent probe of the complete quarkonium Fock space,
guarkonium system the leading component in the Fock spacgan then be used to calculate fiiedecay rate.

expansion involves the quark-antiquark pair being iiSa The matrix element o —BX, decay can be expressed
state, probed by the operatsty,(1+9°)bby“(1-y°)b.  as

Note the general Fock space expansion of quarkonium in

NRQCD is[10) M = ZZW(BXJ57#(1- 7°)bl0)(0lb,b]Y)
Q) =0(1)|QQ[*S{M]) + O(v)|QQ[*P{V]g) 5
+0(v?)|QQ3s{1®]gg) + O(v?)| QQ[ SE]g) + T;Wi@XsI?v"(H 7°)b|0)(0[by,,b|Y)
+0(v?)|QQ[*D§lgg)+ - - -, (7) G _
+ —2w8<BxS|sw(1— ¥°)T%]0)(0[by,T2b|Y)

wherev is the velocity of the constituents in the quarkonium V2
and g represents a dynamical gluon, i.e., one whose effects G
cannot be incorporated into an instantaneous potential and FW /RY (<. 5\Ta hay T2

. . . + —=Wpg(BX|sy*(1+ y°)T?b|0){0|by,T%b|Y
whose typical momentum |$1Qv2. The low energy hadroni- 2 s(BX|sy*(1+y°)T*b[0)(O| Yu 1Y)
zation of the leading component in the Fock space expansion

of the quarkonium takes place@{v?). As to the other Fock G N — —
‘ Placey ) + L U517 T*BI0) (0B, 7 T*bIY)

states notice that th¢éQQ[3P{®)]g) configuration arises 2

when the predominant state radiates a soft dynamical gluon.

Such a process is mediated principally by the electric dipole Gg , — — N = e
operator, for which the selection rule is=L+1, S'=S, + EUB<BXS|S7’”(1+7 )T2b|0)(0|by, ¥y T?b|Y)

and which involves a single power of heavy quark three-
momentum. Thus, the coefficient associated with this state is Ge  — o
of orderv. The electric dipole emission of yet another gluon + —Vg(BXgs(1+ ¥°)T?|0)(0|b(1—»°)T?0|Y)
involves a change from th&-wave state to theS and V2

D-wave state$QQ[*S{"?]gg), |QQ),[*D§"¥Igg) and so

. L ) Gg. ,— — _
t.hg associated coeff_lclentssare of ordér Finally, the cgef— + EV8(Bxs| S(1—95)T2b|0)(0[b(1+ ¥%)T2b|Y),
ficient of the statgQQ[?! ( )]g> results from fluctuations
into this spin-singlet state from the predominant spin-triplet (8)

state with the emission of a soft gluon via a spin flipping
magnetic dipole transition. Such transitions involve thewhere

gluon three-momentum mgqu?) rather than the heavy Wi =Wigig+ Winews
quark three-momentum~mqu), and therefore the associ-
ated coefficient is of ordar?. The low energy hadronization Wi =Wiggt Winews

of these component in the Fock space expansion of the

quarkonium takes place &(v’). Also for the P wave, an Ws=Westa Wanew

additional factor oy comes from the derivative of the wave W= Wi g+ Wnou
function.

Before concluding this section, we point out that in addi- Ug=Ugsiat Ugnew:
tion to the operator in E(5) there are additional four-quark
operators in the effective Lagrangifhl], such as those with Ug=UgstaT Ugnew:

vector-vector current structure, which contribute also to the

) . Vg=VgsigtV ,
processes we consider. We focus on operators in (8. 87 V8std T Yenew

because, as mentioned earlier, they can be generated by the Vi=V. . +V! )
. . 8 8std 8new’
exchanges of the new scalar bosons in models we consider
below in Sec. V. with
. 1 1 As
ll. MATRIX ELEMENTS FOR Y —BXg Wista=| | Azt As= 5 (AgtAso) 1| 1+ | | Ast 0
Cc Cc
~We proceed to calculate the matrix eIements_ of the form 1 A
(BX¢|Het Y) which represents the proceds—BX and ~3 A7+N—8 }
C

whereHs has been described above. The effective Hamil-

tonian consists of operators with a currentcurrent struc- W) 4=0,
ture. Pairs of such operators can be expressed in terms of
color-singlet and color-octet structures. The factorization for- Wggiq=[2(A3+As+Ag) — (Ag+Ag+ A9 ],
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Wéstdzol
Ugsta=[2(—Az—As+Ag) —(Ag—Ag— A ],
Uéstdzoi

Vesta=[ —4As+2A7],

Vgsta=0 (10)
and
1 2R,
Wlnew 2Nc G_F P"
;1 2Ry
Winew 2N, G_F P*
V2 R,
W8new _G_FP’
, V2 Ry
W8new_ G_FP’
V2 R,
Ugnew™ G_FP,
, V2 Ry
U8neW: G_F P*
Vg=0. 11
We have defined
A=— 2 vy, (12)
q=u,c,t
with
Vq=ViVap. 13

Similar expressions can be written for the matrix element%

describing thel/ ¢ decay.
To calculate the decay rate we use the parton model t

write the processY —BX, as Y(P)—»E(pl)s(pz). The
squared matrix element is then given by

IM|2=2MZ,
<Y
+6MZ,[(Y]O0g(*Sp) | Y)(|Ugl?+]Ug?)]
+BMZ3[(Y]Og(*Sp) [ Y)(| V|2 +|Vg2]) ]

(Y10:1C3S)[Y ) (|Wa |+ W3?])

Og(°Py)
m

+ 0g(3S)) +2

Y>><|w8|2+|Wé2|>]

19

where

PHYSICAL REVIEW D60 014011

b
FIG. 1. Effective sby*, sbg*, sbZ vertices generated
by LneW'
2p;-Pp2-P

Z,=8 pl'p2+T ,

2p;-Ppy-P
Zo=8 ~PrPet — 5|,
Z3=8[p1- P2l (15

with M being the quarkonium mass. The matrix elements of
the various color-singlet and color-octet operators
04(®STVL ;) and Og(?*S*YL;) encode the nonperturbative
long distance effects in the evolution QQ(?S* )L ), g to

Y.

Along with the CP violating phases present in the stan-
dard model contribution there can be additional phases from
the new contribution. We can then construct @Rviolating
rate asymmetry as

(Y —BXy)—T(Y—BX,)
[(Y—=BXy)+T(Y—BXy)

(16)

acp=

IV. LOW ENERGY CONSTRAINTS

The Lagrangian._,,, generates, at the one-loop level, the

effective sby*, sbg*, sbZ vertices as shown in Fig. 1,
here y* andg* indicate an off-shell photon and a gluon.
imilar vertices involvingc— u transitions are generated in
g1e charmonium sector also. These vertices, withand Z,
will contribute tob—sl*1~ andc—ul™|~. Note that there
is no contribution tob—sy. The vertexb—sg* can give

rise to the procesb—>sqawhich will contribute to nonlep-
tonic B decays. We expect the constraints fromsl™|~ to

be better than from nonleptoni8 decays because of the
theoretical uncertainties in calculating nonleptonic decays.
The effectiveshy*, sbg*, sbZ Lagrangian can be written

S

QD

en—
Sy = A—bzs[R+c¢ +R_C*1b, 17)

where

014011-4
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_Ri+R
=
R,—R
R = 12 2,
AZ
C+:]ﬁw (
X[8g*y-gx(x—1)+8y*g°x(1—x)],
1 (1 A2
C_= 16772fo dxlog(g
X[8g#y-qy°x(x—1)+8y*y°gx(1-x)], (18
with

B2=mZ—g?x(1—x),

whereey, is the b-quark electric charge anglis the photon

momentum. The effectivgbg* Lagrangian can be obtained
by replacinge, by g5, the strong coupling constant. The

effectivesbZ Lagrangian can be written as

g —
Blabz=5— SR (9L F 1+ 0rF20)
W
R—(QLF17+gRF2,)], (19)
where
A2
Fa.= ( [8a%y- ax(x—1)(1+ )
1672
+87’U“q2X(l—X)(]_+ 'y5)—8yl/«,y5mk2)],
( [80*y-gx(x—1)
X<1+v5>8wq2x<1—x>(1+y5>—8wm§],
1 A2 )
X(l_VS)SY“QZX(l—X)(l—75)+8y"75m§],
( )[SQ’W ax(1—x)
X(l—»y5)8'yl’«q2X(X_l)(1_,y5)+87#m§]1
(20)
with

N| -
w| =
S

gL=-

PHYSICAL REVIEW B0 014011

1
2
gR_SSW'

Forb—sl*l~ theg* terms in the equations above do not
contribute if we neglect the lepton masses. Furthermore, the
contribution fromZ exchange is suppressed with respecy to
exchange by a factor mq‘z/M% and so we do not include the
Z contribution. The additional contribution to the effective
Hamiltonian forb—sl*1~ can be written as

A2
Tom ZAZI dx8x(1— x)Iog( )

X[RySy“bi 1 y,l +RySy*bgl v,11,

OHp_ s+ 1-=—

(21

which has to be added to the standard model contrib(iihn
Similar results can also be written for the charm sector.

V. MODELS

In this section we look at various models that can give
rise toL ey given in Eq.(5). As a first example we consider
a recent version of top color modgls2]. In such models the
top quark participates in a new strong interaction which is
broken at some high energy scale The strong interaction,
though not confining, leads to the formation of a top conden-

sate(t, tg) resulting in a large dynamical mass for the top
quark. The scalé\ is chosen to be of the order of 1 TeV to
avoid the naturalness problem which implies that the elec-
troweak symmetry cannot be broken solely by the top con-
densate. In the low energy sector of the theory, scalar bound
states are formed that couple strongly to bhguark[13,14:

. (H+iA%) bt H.c
f;.\/i L R Ly
wheref7~50 GeV is the top pion decay constant. On inte-

grating out the Higgs fieldsl and A° we have an effective
four-fermion operator

Lb= (22)

———D| brbgb .
T H

Left= (23

Since theb quark in Eq.(22) is in the weak eigenstaté,

in Eg. (22) will induce flavor changing neutral current
(FCNCQ) four-quark operators in Eq5) after diagonalizing
the quark mass matrixL4], with coefficients

1 m?
Ri= 4f2 2|DLbb| DrbbDRos

1 m?

R,= 4f

|DRbb| DibDips: (24

where D, and Dy are the mixing matrices in the left and

right handed down sector. In the charm sector similar inter-
actions can arise due to the strong couplings of the top quark
to top pions. The effective operators generated by integrating

014011-5
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out the top pions are similar to E¢p) with the replacement 1 NEN
of b by c ands by u. In top color Il modelg14,15, where R,==3; '232'33 (31)
there can be strong top pion couplings of the top quark with 4 m;,
the charm quark, we have
9 For the case o08/4— DX, the operators i, cannot be
R, = E m; U e 2UReUE generated at the tree level.
174 g2 21 ked FRICERW Another model of interest is an extension of the SM with
o additional scalar S(2) doublets; the simplest of these would
1 mt2 ) be the two-Higgs-doublet modé€2HDM). In general, when
Ro=7 f2—2|Uth| ULeUlce- (25  the quarks couple to more than one scalar doublet, there are
e inevitably FCNC couplings to the neutral scalars. When the

up-type quarks and down-type quarks are allowed simulta-
eously to couple to more than one scalar doublet, the diago-
alization of the up-type and down-type mass matrices does
not automatically ensure the diagonalization of the couplings
with each single scalar doublet. Frequently, as in the Wein-
W=Wg+ Wk, (26) berg model forCP violation [17] or in supersymmetry
(SUSY), the 2HDM scalar potential and Yukawa Lagrangian
whereWy, is theR-parity conserving part whil@V, violates  are constrained by aad hocdiscrete symmetry18], whose
the R parity. They are given by only role is to protect the model from FCNC at the tree level.
We=hi LiHZE}:+hi/j Qinch+ hi",-QiHlU-C, 27) Let us consider a Yukawa Lagrangian of the form
(A_ U~ = DA U~
Wa=NijeliL ESH A3 LiQ DE+ N/ UFDDE Ly7=5;iQi L1Uj rt 7Qi LP1Dj rt &ijQi L2V R

+pikiHo. (29 +§i[j)6i,L¢2Dj,R+H-C-, (32

In supersymmetric standard models withdrtparity, the n
most general superpotential of the MSSM, consistent Wiﬂ‘h
SU(3)XSU(2)xU(1) gauge symmetry and supersymmetry,
can be written as

Here L,(Q;) and E;(U;,D;) are the left-handed lepton where ¢;, for i=1,2, are the two scalar doublets of a
(quark doublet and leptoriquark singlet chiral superfields, 2HDM, while 7;"° andg;"® are the nondiagonal matrices of
with i,j,k being generation indices amddenoting a charge the Yukawa couplings.

conjugate fieldH, , are the chiral superfields representing ~When no discrete symmetry is imposed, then both up-type
the two Higgs doublets. In the-parity violating superpoten- and down-type quarks can have FC coupling$s]. Such

tial above, thex and A’ couplings violate lepton-number Models were called class A if20], to be contrasted with
conservation, while tha” couplings violate baryon-number mModels with a forced absence of FCNC, called class B.
conservation) ;, is antisymmetric in the first two indices !N the notation and basis of R¢21] the flavor changing
and\} is antisymmetric in the last two indices. While it is Pt of the Lagrangian can be written as

theoretically possible to have both baryon-number and ) _3uN 3D,

lepton-number violating terms in the Lagrangian, the nonob- Lvre= & Qi 2V rT & Qi 2D rTHC, (33
servati_on pf proton decay imposes very stringent condition§vhere Qi., U g, and D  denote now the quark mass
on their simultaneous presenf&6]. We therefore assume . ' Lob . . .

the existence of eithet violating couplings orB violating ~ €'9enstates ang) . areUth rotated couplings, in general not
couplings, but not the coexistence of both. We calculate th&iagonal. If we definé/|" ' to be the rotation matrices acting

effects of both types of couplings. on the up- and down-type quarks, with left or right chirality,
In terms of the four-component Dirac notation, the La-"eSpectively, then the neutral FC couplings will be
rangian involving the.” and\” couplings is given b 5 _
T i ik P .Wy. Eneara (V7)1 €90 VR P, (34
L=\ [vided! +dl dsv + (dS)* (v))°d! —e| diu]
) ?Jk[ L o L_R L. UG On the other hand, for the charged FC couplings we will
U diel — (dk)* (e)°ul ]+ H.c., (29  have
Lyn=— )\i”jk['a';{(U'L)cdjL+ajR(aE)CUiL+EiR(EDCdE] +H.c. %::Jharged: Eneutrar VoM »
(30

D _ 2D
) gcharged— VCKM' gneutralv (35)
The terms proportional td are not relevant to our present
discussion and will not be considered here. The exchange ofhereVcxy denotes the Cabibbo-Kobayashi-Maskawa ma-
sneutrinos with the\’ coupling will generatel ¢, for Y trix.

—BX, with The phenomenology for the 2HDM, for the quarkonium
processes under study, is not very different from the other
1 NgN3s two models considered above and so we will concentrate
R, = 45T 2 mainly on the top color models and supersymmetry models
Vi with R-parity violation.

014011-6



FLAVOR CHANGING PROCESSES IN QUARKONIUM DECAYS

TABLE I. Input parameters used in our calculations.

NRQCD matrix elements Value
(07(®s))=3(¢l01(®sp) ) 0.73 GeV
(Y[0,(3s)|Y) 2.3 GeV
(0§(°sy) 0.014 GeV
(08(*S0))~(OF(*Po))/m; 1072 Ge\?
(Y[0g(®sy)|Y) 5x10°4 Ge\?
(03 (*Sp))=~(0g (*Po))/mj 7x10°3 Ge\®

VI. RESULTS AND DISCUSSION OF THEORETICAL
UNCERTAINTIES

In this section we discuss the results of our calculations
First let us look at thé' decays. The inputs to our calcula-
tion are the various well-known NRQCD matrix elements
given in Table I[22,23. The standard model contribution to
the branching ratio is 5:210 *! from the penguin-induced
b—s transition. The procesy —BX; can also have a con-
tribution in the standard model from tree level processes
The effective Hamiltonian, suppressing the Dirac structure o

the currents,

Ge

Hpy=——
"2

VypVida;(ub)(su)+a,(sb)(uu)],  (36)

PHYSICAL REVIEW B0 014011

is smaller by a factor of 100 because of the larger width of
Y (4S) which decays predominantly to tw® mesons.

Turning now to models, we find that for the top color
model from Eq.(24) we can write

2 2
R; f=~m

A% m?|D | ?Drop

* —
Rbs_4

(37

We can identify A=my and use the constraint frorb
—se'e”  for a typical value of |Ry|/A?~6

X 10" %(1/GeVy . Assuming |D pp|=~|Dgrpy~1, and f:
=50 GeV we obtaifDgyd ~2m3 x 10~ 8. With typical val-

ues ofmy~100-200 GeV we ggDgpd ~0.02—0.08. Simi-

lar values have been obtained ftibg,d in Ref. [14] by
considering the contributions of the charged Higgs boson
and top pion tdo—sy. A similar exercise can be carried out
with |D| 4. Note thatBg mixing probes the combination
D{bsDrorPrbDLob @nd so by either choosing;~0 or R,

~0 we can satisfy the constraint @ mixing by choosing
the appropriate mixing elements to be small. Note that in top

golor models we can have operat@@ — »*)bd(1+ y°)d

and s(1+ y°)bd(1— 7°)d that can contribute t&f —Bsd
—BX; after Fierz reordering. However, these operators will
be suppressed by form factor effects and also from mixing
effects. We have checked that the contributiom{te»gx.5

from these operators is much suppressed relative to the con-

wherea, anda, are the QCD coefficients can generate thefribution of the operators i e,. We will therefore not
processY —B*K ~. We can estimate the branching ratio for consider the above operators in our analysis.

this process as

Vub
Vcb

2
BY—B K.

B[Y—>B+K]%’

Using B[Y —BJK™] calculated in Ref.[4] one obtains
B[Y—B*K ]~1.5x10 . For a rough estimate aB[Y
—B*"X,] we can scaleB[Y—B*K~] by the factorB[B
—D®X]/B[B—D]. The measured value df{B—D°X]
[9] includesD® coming from the decay ob®* andD™*.
From the spin phase factol§[B—D*X]~3BB—DX].
Hence B[B—D®X]/B[B—Dw]~20, leading to B[Y
—BX]~3x10"13,

So far we have not consider&] andR, in Ley. In our
model-independent analysis we vaRy/A?, R,/A? one at

Turning to R-parity violating SUSY we first collect the
constraints on the relevant couplings. The upper limits of the
L violating couplings for the squark mass of 100 GeV are
given by

|)\|Qij|<0.012 (k,j=1,2,3i=1,2), (38
|)\13j|<0.16 (j=1,2, (39
[\134<0.001, (40)
IN5g]<0.16 (j=1,2,3), (42)
[N35<0.26 (j=1,2,3). (42

The first set of constraints in E38) comes from the decay

a time and then use the constraint from measurements of K—@vv with FCNC processes in the down quark sector
—se"e” andb—su* . We identify A with the masses [24]- The set of constraints in E¢39) and Eq.(41) is ob-

of the exchange particles which we take to be between 10tfined from the semileptonic decays Bfmesond25]. The

and 200 GeV. We also take the cutoff for the integral inconstraint on the coupling;s; in Eq. (40) is obtained from
Egs. (17—(20) as 200 GeV. The allowed values of the Majorana mass that the coupling can generate for the

R;/A2, R,/A? are then used to calculafé—BX,. The
constraint fromb—sl|* |~ gives

IRy J/A%((6—9)x 10 6(1/GeV)?.

Using the upper bounds dR12_|/A2 we find the branching
ratio for the processY'(1S)—BX to be in the range (1

electron-type neutrinf26]. The last set of limits in Eq42)
is derived from the leptonic decay modes of thg27]. As-
suming all the couplings to be positive we find the branching

ratio for Y —BX, to be around X 10 for n;=100 GeV.
Turning next tal/ y— DX, we first make an estimate for

this process in the standard model. Since the penguiu
transition is small in the standard model, we neglect its con-

—2)x 10 °. Branching ratios of similar order are also ob- tribution. As in the case for th¥ system, for a rough esti-

tained forY (2S) andY (3S). ForY (4S) the branching ratio

mate, can write

014011-7
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B[/ y—DOX,]

14 0o
0.0 0 - 0 — 2 |&21° €24
~ B[ p— D71 B[D°— K ~X]/B[D°— K~ 7*]. m?

We obte%)inB[J/¢—>D°w'°] from [4] and keeping in mind 4 the pranching ratio fal/y— DX, . Formy between 100
that B[ D”— K™ X] contains contributions from states decay- 5,4 200 GeV this rate can be in the range (0.1-22) " if
: - d Oy 1..10~10 imi . . o
ing toK~ we Obta'”B[fW’_’D %g] 10" A similar ex- 5 the couplings are~1. In a strongly interacting theory
ercise g!vesﬁ[J/w—D XL.,]~1O . . these couplings can be 1 as in the example of top color
Considering new physics effects we can constRirand 0 4els discussed above
A ) : :
Ry frOT c—ul"l". We get an estimate of the.constralnt 0N We note in passing that the four-quark operators we have
c—ue'e by adding up the exclusive modes: considered can also give rise to mixing operators that are
B[D—uete ]=B[D—(7%+ p+p’+w)ete]. 1A% suppresse_d. Taking one operator ata time one can gen-
erate the following operators that contribute to mixing:
Fromc—ul*1~ one obtains

IR, J/A?<3.7X 10 *(1/GeV)? 0,= 3Rs mglog A’ s(1—9°)bs(1—y°)b
l, = : - Y ) - - 1
Y 2a2A2 A2 T\ m?
We find that the branching fraction for the proce¥s)
—DX, using the constraint frone—ul™l~ can be (3-4) 3R m; 2\ _ 5 — 5
X 1075, 02=—2 272 Plog ? s(1+y°)bs(1+ y°)b.
In top color models takingR; andR, one at a time, one m b 43)
obtains
21X 108 , - We then have, foBg mixing,
THULccl Uth Rtu| 5
m ABS=§stanMBsé, (44)
or
where 7 is the QCD correction factor anl and 6 are de-
2.1x10° .
e ||Urd?U W fined through
4 Rtc Lcc™ Lcu

” — — 5
_ BYs(1—y®)bs(1—9%)|BY) = — = 5 2BMg 2
as the branching fraction fal/y—DX,. For m between (Bels(1=77)bs(1=7)IBq) 38 78
100 and 200 GeV this rate can be in the range (0.1-2.0)

X 1075 if all the mixing angles are-1°. It has been shown and

in Ref. [28] that our choices fof7. andm. give unaccept-

ably large corrections td—bb from one-loop contributions S=—

of the top pions. However, in a strongly coupled theory 2722

higher loop terms can have significant contributions. None-

theless, if we changg; to ~100 GeV for better agreement wherei=1,2. A similar result can be written fd® mixing.

with Z—bb data, then the effect it/ y— DX, is reduced by For theY system, if we include the constraint froBy

a factor of 16. As in the case of thé system we can satisfy mixing generated by only the operatdds ,, then we obtain

the constraint fronD mixing by choosingR;~0 or R,~0. |R1,2|/A2>1—2>< 10 8(1/GeVY. This is of the same order
For R-parity violating SUSY, the contribution td//  as the constraint obtained from—s|*l~. In the case of

— DX, can only occur at the loop level, with bori or \” /¢, if we include the constraint from th® mixing gener-

contributing, through the box diagram, and so is suppressed@ted by only the operator®, ,, then we obtainRy J/A?

However, in the general 2HDM, from E¢33), the operator ~ 10~ °(1/GeVY. This will lower the branching fraction for

ucce can be generated by the tree level exchange of the field/ #— DX, to ~10~°. However, to evaluatze consistently the
¢,. The contribution to]/¢—>5Xu will be proportional to effects .Of these operators at ordgr Of.Aﬂ .WOUId require
o . U ~U* ~Ux 2U the addition of other operators with dimensier8. As noted
the comb|nat|_on of COUpI'ngEZA: 5}2522 andRy = &1 &2 earlier we restrict our analysis to only dimension-6 operators
Note theD®-D° mixing probesép,és; . So we can satisfy in the effective Lagrangian; thus the conservative result for

the constraint o °-D° mixing by choosing eitheR;~0 or  J/y—DX, is of order of 10°5, which, as we shown above,

3R? m_ﬁl
A2 Y

AZ)
m2)’

R,~0. One then obtains lies also in the region predicted by the top color model and
2HDM.
E@Jﬁgﬂz Direct CP violation is possible in these decays through
mﬂ' the interference of the standard model and new physics con-

tributions. TheCP conserving phase is generated at the
or quark level from the penguin diagrams. However, the stan-

014011-8
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dard model contribution is small and so t8d® asymmetry
acp is also small with a typical value of 0.1% foY

—BXs.

PHYSICAL REVIEW B0 014011

these processes to occur with branching ratios that may be
measurable in the next round of experiments.

In summary we have calculated branching ratios for the

flavor changing processe%—>§xs and J/zp—>5Xu. In a
model-independent description of new phys[&8], con-
strained by low energy data frolm—sl|*1~ andc—ul™| ",
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