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CP violating B decays with R-parity violation
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We studyC P violating B decays in the minimal supersymmetric standard model Rdgtarity violation. We
estimate how mucR-parity violation modifies the SM predictions f&P asymmetries iB decays within the
present bounds. The effects Bfparity- and lepton-number-violating couplings on the ratio of the decay
amplitude due tdR-parity violation to that of the SM can differ by one or two orders of magnitudes depending
on the models of the left-handed quark mixing. It is possible to disentangle-giaity-violating effects from
those of the SM an®-parity-conserving supersymmetric models within the present bounds comparing differ-
ent CP violating decay amplitudes. We also study the effectsRefarity- and baryon-number-violating
couplings and find that the effects could be lang&0556-282(99)00215-5

PACS numbd(s): 13.25.Hw, 11.30.Er, 11.30.Fs

[. INTRODUCTION In the MSSM the most generg, violating superpotential
is given by
In the upcoming experiments & factories, large data
samples will be acquiredil]. One of the most important Wi = NijkLiL i Ek+ N LiQ D+ Aj UFDiD. (1)
objectives of these experiments is a searchdér violation
in B decays. The large data dhmeson will enable us to Herei,j,k are generation indices and we assume that pos-
probe physics beyond the standard ma@&M) via CP vio-  sible bilinear termsu;L;H, can be rotated away.; and Q;
lating B decays. In a supersymmetric extension of the SMare the S(2)-doublet lepton and the quark superfields and
there are many potential sources @P violation in addition ~ E{ ,Uf,D; are the singlet superfields, respectively; and
to the SM Cabibbo-Kobayashi-Maskaw@KM) phase. So \{j, are antisymmetric under the interchange of the first two
the SM predictions oi€ P asymmetries irB decays can be and the last two generation indices, respectively;,
modified. The nondiagonality of the sfermion mass matrices= —\jc and\{j, = —\j; . So the number of couplings is 45
in a basis where all the couplings of neutral gauginos td9 of the\ type, 27 of the\’ type, and 9 of the\” type).
fermions and sfermions are flavor diagonal can change thAmong these 45 couplings, 36 couplings are related with the
SM predictions orC P violation[2]. The SM predictions can lepton flavor violation.
also be modified by the so-calldparity-violating terms. There are upper bounds onsangle L- and R-violating
In supersymmetric models, there are gauge-invariant incouplings from several different sourcg4-7,9. Among
teractions which violate baryon numb@and lepton number these, upper bounds from atomic parity violation aid
L generically. To prevent the presence of the®e and asymmetnyf4], v, deep-inelastic scatterir{¢], neutrinoless
L-violating interactions in supersymmetric models, an addi-double-beta decalp], » mass[6], K™, t-quark decay$7,8],
tional global symmetry is required. This requirement leads tg*nd Z decay ‘,"”dth[g] arejtrong. Neutrinoless double-beta
the consideration of the so-call®lparity. R parity is given ~ decay 9'V93}%11<3-53X 10°°. Thi bounds from mass are
by the relationR,=(— 1)1 29 whereSis the intrinsic ~ M3g<3X 10" and;33<7x10"". _
spin of a field. Even though the requirementRyf conserva- There are strong bounds ovf;, <0.012 forj=1 and 2
tion gives a theory consistent with present experimentafrom K*-meson decays. But these single bounds depend on
searches, there is no good theoretical justification for thi¢he models of the left-handed quark mixing. The CKM ma-
requirement. Therefore models with explid®, violation trix consists of the product of the mixing matrices of the
(Rp) have been considered by many auth@k Ieft-ha_nqled up- and down-type quarks and we do not know
In this paper, we wish to stud@ P violating B decays in  the mixings of the up- and down-type quarks separately.
the minimal supersymmetric standard mo@SSM) with Therefore, in this case, we need some assumptions about the
R,. We investigate how mucR, modifies the SM predic- mixings of the left-handed quarks to derive a single bound
tions for CP asymmetries irB decays within the present on A’ coupling from the physical process. The bounds of
bounds. We emphasize that the effect®RgfandL violation ~ Aj(1,2<0.012 are valid only when the mixing of the down-
on the ratio of the decay amplitude dueRg to that of the  type quarks dominates the CKM matrix. On the contrary, if
SM can differ by one or two orders of magnitudes dependinghe mixing of the up-type quarks dominates the CKM matrix,
on the models of the left-handed quark mixing. We alsothe bounds on\{, , are totally invalid. In the general case
study the effects oR, and B violation. where the CKM matrix has contributions from the up-quark
sector as well as down-quark sector, the bounds from
K *-meson decays become invalid and the typical bounds on
*Email address: jhjang@chep6.kaist.ac.kr Njk with j=2,3 and\,3 5, are O(0.1). We consider the
"Email address: jslee@chep6.kaist.ac.kr general case as well as the case in which the single bounds
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from K*-meson decays are valid. We find that the effects of as_(t)=a* cos(AMt)+a?‘” sin(AMt), 3
R, violation can differ by one or two orders of magnitudes P P P
depending on the models of the left-handed quark mixing.

The upper bounds oB- and R-violating couplings are whereAM is the mass difference between the two physical

O(1) except\];,<10 ® and\/;3<10"* from the double- states, and
nucleon decay and-n oscillation, respectively. 2
. 1—|\] . 21mx

In this paper we assume that all masses of scalar partners ais=—— N = (4)
which mediate the processes are 100 GeV. Extensive reviews P 14|A|? P 14N |2
of the limits on a singleR-violating coupling can be found
in [10].1 Here\ is given by

There are more stringent bounds on some products of the
R,-violating couplings from thg mixings of the neuttaland - (B Her| B®) (f cp| Herl BY)
B mesons and the rare leptonic decays ofKhemeson, the A= 5 = 5
muon, and the ta{i8], bb productions at the CERN"e"~ (BY Henl B®) (fepl Herl BY)
collider LEP[11], the rare leptonic and semileptor® de- A
cays[12-14], muor(ium) conversion, and- and 7~ decays =e ¢MK’
[15].

The CP violating decays 0B mesons can be induced by _ .
the baryon-number-violating couplings as well as by the 0 Sov_ I _ !
lepton-number-violating ones. But the baryon-number and (B7[HerB™) =M1~ Erlz_‘M”_ 2l
the lepton-number-violating couplings cannot coexist in or- 5)
der to avoid too fast proton decays. So we will consider the
baryon-number-violating case and the lepton-numberusingM,>1;,.
violating one separately. New physics(NP) modifies the SM predictions on both

About the baryon-number-violating coupling, there is a4, andA. NP affects th£—§mixing phase as follows:
very strong upper bound oR},,<10"° from the proton

2o

decay in gauge-mediated supersymmetry-breaking models ¢M:¢|\S/|M+ S s
independently of the lepton-number-violating couplifg8].
Recently, a study of the one-loop structure of the proton ) NP L SM
decay into a very light gravitino or axino shows that all 1 rmusin2( ¢y — o)
i A . : Sy = =arcta NP SM (6)
baryon-number-violating couplings are constramed)\é@ 2 1+rycosA oy — by

<10 % even though these bounds depend on the precise
value of the _gravitino mass or the scale of spontaneou@hereqsr'\uﬂp and ¢>an are defined by
U(1)pq breaking[17].

This paper is organized as follows. In Sec. I, we intro-
duce the general formalism for th@P asymmetry in the
case where the decay amplitude contains contributions from NP M NP NP
two terms. In Sec. Ill, we consider the effects Rf- and ~ Where ry=[Mzy;|/[M7;] and Mq;>TI'1; is assumed. For
lepton-number-violating couplings on tf@P asymmetries m<1,0¢y=ryu/2. However, fory=1, 5¢y can take any
of neutral B mesons. And the effects d®,- and baryon- value. In the SM, the mixing phaﬁ"" is 8 and 0 forB4-By
number-violating couplings on theP asymmetries are con- andB.-By, respectively.

(B MU BO)=| MY 2 A (141,62 A=), (7)

sidered in Sec. IV. We conclude in Sec. V. If NP contributions toA are dominated by one term and
the size of the contribution is larger than that of the sublead-
Il. GENERAL FORMALISM ing SM correctionsA can be written as follows:

The time-depender@ P asymmetry is defined as Am Age b6+ Aysel 26,

o (= B0 Teel TIB (D >fee] B . o
' T[BO(t) = fp] +TBY() = fepl A=Agye ™ 711+ Aype ' 92€! %2, ®

wherefp denotes th&€ P eigelstates into which the neutral where Asunp are real magnitudesp, , are CP violating
B mesons decay, arg’(t) andB°(t) are the states that were phases, and; , are CP conserving phases. For the sizes of
tagged as pur8, andBy at the production. ThiEP asym-  the subleading SM corrections and the contributions of the
metry can be rewritten by Rp-conserving supersymmetric model, see R&8].

With ¢15= 1~ 2, 612= 61— 62, andrp=Ayp/Agy,

. , , , 2rpsin ind ) )
The single bounds 0N/, \}3,, and\ 543 should be replaced by ayes = DSIN 41251 912 ~—2rpSiN 55N 15,

0.16 which are stronger bounds coming from R&8]. cP 1+ 2rpsingy5sin oy,
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sin _ SIN2¢m+ ¢1) —2rpSineg 1,04 2hy +2¢h; + 1)) . 2031 D
Ficp™ 1+2rpsin¢gy,Sindy, Niju :E n§=:l W)\nji)\nkl- (13)
~siN2( ¢y + ¢1) —2rpSin 1,608 A py + 1) COSS1,,
(9) From the above effective Lagrangian, we calculate the am-
plitudesA for the several decay modes under the factoriza-
to the first order irrp . tion assumption and the results are shown in the Appendix.
For the rest of this paper, we concentrateaf} . To this In Table I, we show theR-parity- and lepton-number-
end we write violating product combinations which significantly contrib-
ute to each process assumiggy is given by only down-
a?iC”PEsin 2 py+ d1+ Sdp)=sin 2¢. (100  type quark sector mixing. For the decay mddlg— yKs,
there are four kinds of competitive contributions and the
For rp<1,8¢p=<rp. However, forrp=1, 8¢ can take most significant one comes fromah 335 Within present
any value. In the following two sections, we will calculatg bounds’ Typically, the constraints are of the order of T0
for severalCP violating decay modes. or 103, The decay modes with 16 constraint areBgy
Note that the NP contribution to the mixing phagg is —¢Kg, Byg— 7Kg, Be—odKg, By—om®, and By
universal for all kinds of decay modes. So one can identify— 7°7°. So these five decay modes are important ones in
NP contributions tcC P violating B decays independently of the presence dRp violation. See Table Il for the estimated
the NP contribution to the mixing by considering two differ- values ofrp .

ent decay modes simultaneously. The supersymmetric contributions to the decay modes
By— ¢Ks and By— 7°Kg are not dominated by oniR,
lll. R, AND L VIOLATION since there are comparable contributions from nondiagonal

sfermion mass matrices to these decay modes; see the second
In this section, we consider the effectsR- and lepton-  paper of Ref[18]. And the upcomingd experiments will
number-violating couplingsX') assuming that the baryon- initially take data afY (4s) where only theB, can be studied
number-violating couplinga™’s vanish. and the mode,— 77 suffers from the large SM uncer-
First, we assume thatcyy is given by only down-type tainties. For the decay modgy— ¢, the SM prediction
quark sector mixing. In this casery and rp(Bg  for the branching ratio of this decay mode is quite small:

—yKs, ¢Kg) are estimated in Ref19] as follows: Bsu(Bg— ¢m°)=1.9x10"8 [20]. Consequently, it would
2 be hard to measur@P violation considering only one decay
Fa(Ba) =10\ 1o\ ol 100 Ge mode unlesdR, enhances the branching ratio of this mode
MA=d n13=n3l - ’ significantly. But theR,- and L-violating effects can be dis-
entangled from those of the SM B,-conserving supersym-
Io(Bg— /K 5)<0.02, metric models if we compare two or more decay modes. For
example, let us think about the decay modeBgt yKg
ro(Bg— $Kg)<0.8, (11 andB,— ¢Kg. The difference betwee@ P violating phases

of these two decay modes vanishes in the SM or
and| (By— ¢Ks) — ¢(Bg— ¢Kg)[<O(1). ru(Bs) is given R .conserving supersymmetric models. But it does not van-
by replacing|\ 13\ nagl With [N/o5\ 3] in ryu(Bg). In this  ish in theR,-violating model.
section, we wish to investigate other decay modes and dis- Now, let us think the general case in which the down-type
cuss how much the effects &, differ depending on the quark mixing does not dominatécyy . In this case, the

models of the left-handed quark mixings. _ strong bounds$\ ;| <0.012 withj=1,2 fromK *-meson de-
_ From Eq.(1), we obtain the following four-fermion effec-  cays becomes invalid. In this case, the typical bounds/gn
tive Lagrangian due to the exchange of the sleptons: with i = 2,3 are®(0.1). This means that the constraints given
4G in Table | can become weaker by one or two orders of mag-
refu2d "2Fol (g p oy (U Ped), nitudes. For example, let us_conS|der the contribution of
Ro 2 i (A PLU) (UPRd)) Mook s to the CP asymmetry in the modB,— /K. Ne-

glecting the constraint frorK ™ decays, the constraint on this
4G, _ _ combination is 3.X10 2 from D decay[10]. Using this
EE{ZAd:_Ninm(diPLdj)(dkPRdl)y constraint, one can obtaim,(By— K g) =7.5. Similarly, we
V2 find that the typical size of, of all decay modes i§(1) if
(12) we neglect the constraint from™ decays. It means that it is
where P, r=(17 y5)/2 and the dimensionless couplings possible to disentangle thl?—parity-viol_ating effects from_
cL and AL, are given by those of the .SM and?—parlty—conserylng _supersymmetrlc
1kl 1kl models. In this case, one can also identify the NP effects

3
V2 1
Lo_
Ciji ~4G; . %‘4:1 M2 VigVipAnpihngi
" In 2In Ref.[19], only the contributions from /,,\ .5 are considered.
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TABLE |. R-parity- and lepton-number-violating product combinations which significantly contribute
within present bound§10,13,14 assumingVcxyw is given by only down-type quark sector mixing. Con-
straints on the magnitudes of the product combinations are also shown.

Decay modes Dominating Constraint
combination

By— yKs N2 n2sVa2Vaz 1.4x10°*
N32N 333V 23V 22 2.3x10°*
N33 523V 22V 23 2.3x1074
N 33N 333V 23V 23 3.9x10°4
By— ¢Ks NiaNi22 1.1x10°3
N2 N 222 1.1x10°3
N33\ 322 5.8x10°°
By—mKs Naaihoa1, Naahon 1.9x10°°
Nagihaor, Nazhan 5.8x103
By—D'D" N2iNn2gVaaVaz 1.4x1074
N321N 333V 23V 22 2.3x1074
N 331N 329V 22V 23 2.3x10°*
N33\ 333V 23V 23 3.9x10°4
By—Dcpm’(p?) N3 333V 23V 11 2.3x1074
N31N503V2V 11 1.4x10°*
N1 223V 22V 11 1.4x10°%
M2 niaViiVae 1.4x10°*
N33N313V11Vas3 2.3x1074
By ¢Ks Mzt iz1, MaM i1z, Naahoa1s Naaho12s Azihoze 1.9x10°%
Naahaor, Naahazo, Nashai 5.8x10 °
By— ¢7° NaM 1120 Nz 1.9x10°3
N3sha1 5.8x10°°
By—m Ao1N21V1Vin 1.4x10°4
AaNaV1Vi 1.4x10°4
By— 07 NosiNous 1.9x10°°
Nazihann 5.8x10°3
independently of the NP contributions to the mixing by tak- IV. R, AND B VIOLATION

ing account of the differences between the angl&sof the

first five modes in Table 1. In this section, we consider the effects Bf, and the

baryon-number-violating couplinga.() assuming the lepton
number violating couplinga’’s vanish.
From Eq.(1), we obtain the following four-fermion effec-

TABLE Il. The maximum values ofrp for CP violating B . ;
° J tive Lagrangian due to the exchange of the squarks:

decays withL- andR-violating couplings assumingcyy is given
by only down-type quark sector mixing.

4G — —
ff,2u-2d F
Decay mode Subquark process  ¢gy o o eff2u-2d_ Cﬁkl[(ui'ylLPRuj)(dk')’,u,PRdl)
= = 2
By— Kg b—ccs B 0.09
By— ¢Ks b—sss B 2.0 — (dyy*Pruj) (U y,Prd) ],
By— 7Kg b—uus, b—dds B 2.8
Ed—>D+D_ b—ccd B 0.09 4G
B=Depm’(p)  bocud, boued A 009 L3 =N (A Prdy) Gy, Prch)
B.— ¢Ks b—ssd B 8.0 2
Ed—nbﬂ'o b—ssd 2B 66 (14
Ed—>7T+777 b—uud a 0.04
By— 707° b—uud, b—ddd 23 3.0 where P g=(1%vy5)/2 and the dimensionless couplings

Ch and Ay, are given by
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TABLE llI. The product combinations which contribute to each largeC P violation completely different from the SM predic-
decay mode and the maximum valuesrgf for CP violating B tions. The other thing is that one can obtain more stringent
decays withB- and R;-violating couplings. Present constraints on pounds on the product combinations if the measured branch-

the magnitudes of the product combinations are also sh@@22.  ing ratios of the decay modes are consistent with the SM
— - predictions.
Decay mode Combination ~ Constraint ) Note that one product combination contributes to two and
By YK N\ s 6.4% 10~3 12 more decay modes; see Table lll. In this case, the differences
_ o NN 6.45 10-3 _ of CP phasesy’s of the decay modes are exactly the same
By—mKs 2122213 ' ' as that of the SM.
Bs—D'D" A21\ 223 7.8<10°° 3.2 In gauge-mediated supersymmetry-breaking models,
By—Dcpm(p°) Ao1h 13 16 3000 are severely constrained from the proton defs§,17. So
By— ¢Ks N1\ 503 7.8x10°3 25 the contributions ofR,- and B-violating couplings toCP
By o N\ s 78x10°3 680 violating B decays can be safely ignored.
By—m ™ My 13X 10—: 1.4x10°° V. CONCLUSION
0,0 "N .3x10° )
Bammm M 1A 0ot To conclude, we studg P-violating B decays in the mini-
mal supersymmetric standard model with. We estimate
V2 3 5 hpw _mucth modifie_s the SM predictions fdaZ P asymme-
Cﬁkl = E — Nin E’fﬁ , tries inB decays within the present bounds. The effect®pf
4Gg 7=1 M;,n andL violation on the ratio of the decay amplitude duero
to that of the SM can differ by one or two orders of magni-
\/5 3 1 tudes depending on the models of the left-handed quark mix-
/\[ﬁkl arToe E —zxgik)\gﬁ . (15) ing. It is possible to disentangle tieparity-violating effects
Fn=1 M7 from those of the SM an&-parity-conserving supersymmet-

n

ric models within the present bounds. We also study the
From the above effective Lagrangian, we calculate the ameffects ofR, andB violation and find that the effects could
plitudes for several decay modes using the factorization ade large or the contributing product combinations can be
sumption and the results are shown in the Appendix. strongly constrained by the near future experimentsBon
By inspection of/\/ﬁkI , one can easily see th&,- and  mesons. The effects &, andB violation can be ignored in

B-violating couplings does not contribu@B mixing and 9auge-mediated supersymmetric models.
By— ¢Kg since)xi’]k is antisymmetric under the exchange of
the last two indices.

The present bounds o’ are so poor thatp’s are gen- We thank Y. G. Kim and P. Ko for their helpful remarks.
erally quite large exce@,— 7 mode: see Table Ill. Large This work was supported in part by KAIST Basic Science
rpo means two things. One thing is that it is possible to haveResearch Prograifd.S.L).
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APPENDIX

In this appendix, we present all decay amplitudes relevant to our analysis. We do not need to know the exact values of the
form factor since they are irrelevant in the calculatiorr gffor most of the cases. For the numerical calculation, we use the
following values for the quark masseas;=4.2 MeV, my=7.6 MeV, mg=122 MeV,m;=1.3 GeV,m,=4.88 GeV, and we
takeN=3.

1. SM

The amplitudes in the SM are calculated using the effective Hamiltonian formalism. The short and long distance QCD
effects in the nonleptonic decays are separated by means of the operator product expansion. For the numerical values of the
Wilson coefficients(short distance effectswe use the values in Rdf20]. The long distance contributions of the hadronic
matrix elements are calculated under the factorization approximation:

_ Ge o
A(BO_’wKS):E[VcbVZSaZ_thVrs(a3+ as+a;+ag) (Kg/sh_[B%)(ylcc_|0), (A1)
=0 Ge * 1 < RO\ 4[ee
A(B"— ¢Kg)=— Evtbvts agtaztas— §(a7+ag+alo) (Kglsb_|B®)(¢[ss_|0), (A2)
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RO 0 Ge * 3 * oy <h |RO
A(B —m Ks)zﬁ Vuqusa2+§thVts(a7_a9) (7°|uu_|0)(Kg|sb_|B)
M (2a,— as) _ S
_ * 0 0
thVtS(a4 alo (md+ms)(mb m) <K5|Sd,|0><77 |db,|B> y (A3)
— _ GF 2mD(a6+a8)
A(B°>-D'D )=E[vcbvgda1—vtbv:d a4+a10+(mc+md)(mb (D*|cb_|B®)Y(D~|dc_|0), (A4)
_ Ge - _
A(B®—Dcpr) = \/—(V cbVia™ VupVegax(m%/db_|B®)(Dcplcu|0), (AS5)
— Ge
A(B°—Dcpp?) = f<vcbv ha* VupVea)az(p®ldb_[B®)(Dcplcu|0), (A6)
2
B. —_% * _E W—
A(Bs— ¢Kg) = \/Ethth agtaytas— s{aztagta to - (Mmp—my) (Kgldb_[Bg)(¢|ss_|0), (A7)
— G 1 - _
A(BO—>¢7TO):_T;thV:€d a3+a5—§(a7+a9) (7% db_|B%)(¢|ss_|0), (A8)

(m*|ub_[B%)(7[du_|0), (A9)

2mZ(ag+ag) ]
(mu+ md)(mb_ mu)

_ G
AB -7t ):_[Vubvﬁdal_vtbvzcd

V2

2G¢

N3

m2(2ag—

B0 0, 0y_ _ ° el
A(B - w7 7) Pmy(Mo—my)

3
[VubVﬁdaerthVfd[aﬁ 5(37_39)_5310 H< 0|db |BO><7TO|UU |0).

(A10)
The =+ sign in theB®—Dcpm°(p® decay modes corresponds to tB@-even andC P-odd eigenstates ddcp and the same

convention is applied to th&, violation case. In the numerical estimation E?—)’ITOKS decay modes, we assume that
[(7%|uu_|0)(Kg|sb_|B%)|~[(Kg|sd_|0)(7°|db_|B)|.

2. R, and L violation

In this case, the running effects of ti®,-violating couplings are neglected. The hadronic matrix elements are also
calculated under the factorization assumption:

70 11 * e (ah RN/ /[
A(B _’¢KS):§J, M_~2 8N n|2)\nJ3V2j 2i<KS|Sb—|B ><¢|CC—|O>1 (A11)
M
=0 1 1 - — = _
A(B"— ¢pKg)= 2 M2 8N[)\n227\n23+)\n327\ 22l(Kg|sb_|B®)(|ss_|0), (A12)
n
RO 0 1 /
A(B"—mKg) = E aN 2 MioMnj3V1j Vi~ Mok aist Mgk
n
2
Mz o < IR0
8mgy(my— )(7\n11)\n23 Mnahnip) [ (7 |uu_[0)(Kg[sb_|B®)

My
S
{ ()\nll)\n23 )\n32)\n11 4(mb_md)(md+ms) ()\n12)\n13 )\n31)\n21)]

054003-6



CP VIOLATING B DECAYS WITH R-PARITY VIOLATION PHYSICAL REVIEW D 60 054003

X (Kg|sd_|0)(7°/db_|B®) |, (A13)

A(B°>-D*D" =§‘, * Mo- M5V, V(D *|cb_|B%)(D |dc_|0), (A14)
AT M% 4(mg+me)(m,—me) MninhnjsV2iVa

_ 1 . _
A(B°=Dcpn?) E. vl n,lxmgSN[vzjv;, V1;V5 (7% db_|B®)Dcplcu_|0), (A15)
M,
=0 1 03 IR0 —
A(B _’DCPP EI M_g nll)\n138N [VZJ VlJ i]<p |db—|B ><DCP|CU—|O>’ (A16)
i,
D 1 % I3
A(Bs— ¢pKg) = — E M~ 8N( n12Mn2a T Mua2hnzit Mook izt Mgk nzo
mg

S
* 4(mg+ my)(mg+my)

% %
(Mp12hn2at Mz nzit Mok nzst Mgk niz ]

. _ 1 o
X (¢|sh_|Bg)(Kglds_|0)— ﬁ n21)\r,133+)\n32)\n12)<KS|db|BS><¢|SS|O>} (A17)
=0 0 1 1 O qh [RO\/ /(e
A(B —¢m)= E an (Mn2ihn 25t Mg (7°|db_[B®)(¢[ss_|0), (A18)
1 2
RO + _ = m (-t nh |IRO —1'q,
AB -7 7 )= 2| M~|2 4(mg+my)(my—m,) n|1)\nj3vl] |<7T lub_|B o |du_|0>, (A19)
1 1 m’o
A(B%— 7° OF; W % N MnithnjaV1; Vi W_W:—md) (Nn1aNaTs~ MugiNaTe
X (7 db_|B®)( 7 uu_|0). (A20)

In B°— 7Kg andB%— ¢Ks modes, we assume that the magnitudes of two form factors are approximately same.

3. R, and B violation

The decay amplitudes fd®, andB violation are calculated in the similar way as the cas®gpfndL violation:

_ 1 1
A(BO—N//KS):—; 2|v|_3(1 —| NN ix (Kg[sb_|BO)(y|cc_|0), (A21)
d

n

A(B°— ¢Kg)=0, (A22)

A(B°— 7Kg=, HZ';

1 1 — -
PN Nl [ 1 (#7T0u.0) (K [BY)
d 2Mg,

1
i R (o) b B | w23

2M2 (

Un
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_ 1 1
A(B°—>D+D’)=—§ e (1 N)Agmx”*(Dﬂcb |B°)(D|dc_]|0), (A24)
dl’]
_ 1
ABP=Depn®)= 3 | 1- 1 N M55l 87Dl [0) (25
dn
A(go_’DCPPO):_; oMZ ( )[)\zm)\ﬁw N1\ 551(p°ldb_[B®)(Dcplcu-|0), (A26)
dn
_ 1
AB K=~ 3 | 1- X Nk (4150, [B(KJT.[0)~(KTb.[BL)(fs [0)] (n21)
RO 1 "% 0 RO  ec
A(B —o¢m 711 N Nk 70 db_|BO)([ss_|0), (A28)
[
0 + 1 1 " "% + RO
AB -t )——2 2 1 5 N h T lub_|B%{( =~ |du_|0), (A29)
dn
RO 0,0 1 1 N 0 RO 0
A(B°— 7% )=2 i3 1= S N T |db_|B®)(#°uu_|0). (A30)
dn

In the B.— ¢K g decay mode, we assurfizl]

(Kgdb_[Bg)(¢ss_|0)—(a[sb_[Bg)(Kglds_|0)

(Kgldb_[Bg)(¢[ss-|0)

~0(1).
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