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Constraints on R-parity violating couplings from B*—|*» decays
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We derive the upper bounds on certain productfRgfarity- and lepton-flavor-violating couplings from
B~ —1*v decays. These modes Bfmeson decays can constrain the product combinations of the couplings
with one or more heavy generation indices which are comparable to or stronger than the present bounds. And
we investigate the possible effectsRparity violating interactions oB.—| v decays. These decay modes can
be largely affected byr-parity violation.[S0556-282(199)06617-3

PACS numbgs): 12.60.Jv, 11.30.Fs, 13.26v, 13.20.He

In supersymmetric extensions of the standard model, therB mesons and rare leptonic decays of g meson, the
are gauge invariant interactions which violate the baryormuon and the ta(i8], B decays into two charged leptons
number(B) and the lepton numbét) in general. To prevent [g] b production at LEF10] and muofium) conversion,
occurrences of thed# andL-violating interactions in super-  and 7 and #° decayq11], semileptonic decays d& mesons
symmetric extensions of the standard model, an additiongh o) B—XJ 17 decayq13].
g]obal ;ymmetry is required. This requirement leads to con- | this BriefJReport, we derive the upper bounds on cer-
sideration of the so-calle® parity (Ry). Even though the  qin products ofR, and lepton flavor violating couplings
requirement ofR;, conservation makes a theory consistenty.om g+ _|*, decays in the MSSM with explicR,, viola-
with present experimental searches, there is no good theorgfs, These modes oB-meson decays can cor?strain the
ical justification for this requirement. Therefore the mOdeISproduct combinations of the couplings with one or more
with explicit R, violation have been considered by many heayy generation indices. Here, we assume that the baryon

authors[1]. , number violating couplingad”’s vanish in order to avoid too
In the minimal supersymmetric standard mo@dBSM), a5t proton decays. Especially in the models with a very light
the most generaR-violating superpotential is given by gravitino (G) or axino @), \" have to be very small inde-

e oo pendently of\’ from the proton decap—K* G (or K a);
We, = NijkLiLi Bt N LiQiDkt Ajj UiDiDy. () \7 .<1075[14]. One can construct a grand unified model
which has only lepton number non-conserving trilinear op-
Herei,j,k are generation indices and we assume that possiblerators in the low energy superpotential wtgnis broken
bilinear termsu;L;H, can be rotated away,; andQ; are the  only by bilinear terms of the forrh;H, [15]. And usually it
SU(2)-doublet lepton and quark superfields &dU{,Di  may be very difficult to discern signals &t violating inter-
are the singlet superfields, respectively, and\j are an- ~ actions above QCD backgrounfil. _
tisymmetric under the interchange of the first two and the In the MSSM withR;, the terms in the effective La-
last two generation indices, respectively;,=—\j, and ~ grangian relevant for the leptoni&meson decays are
Nijk=—Nikj - So the number of couplings is 48 of the\
type, 27 of the\’ type and 9 of tha.” type). Among these 45
couplings, 36 couplings are related with the lepton flavor
violation. o .
There are upper bounds orsigle R,-violating coupling —Ri(qPgrb)(e P v)], 2
from several different sourcd®2—5]. Among these, upper
bounds from neutrinoless double beta def3ly » mass[4]  Where P =3(1% ys), R|=r2melmg, r=tang/my=. An
andK™, t-quark decay$5] are strong. Neutrinoless double upper indexY denotes the running quark mass, fauis the
beta decay gives;,;<3.5x 10" 4. The bounds fromv mass ratio of the vacuum expectation values of the neutral Higgs
areh133<3x10 3 and\j5,.<7%x10 % FromK'-meson de- fields andm,- is the mass of the charged Higgs fields. The
cays one obtaina;, <0.012 forj=1 and 2. These bounds first term in Eq.(2) gives the standard mod&sM) contribu-
from K*-meson decays are basis dependénf]. Here all ~ tion and the second one gives that of the charged Higgs
masses of scalar partners which mediate the processes &@lars. Neglecting the masses of the electtenl() and the
assumed to be 100 GeV. Extensive reviews of the update@uon (=2), the contribution of the charged Higgs scalars
||m|tS on a Sing'd?p_vio'ating Coup”ng can be found |['6] IS Z(.-:‘I’O.. The contribution of Iﬂe Ch_al’ged H|ggS scalars is not
There are more stringent bounds on some products of théanishing only v\\(/heri =3; bg—7v,. We neglect a term
R,-violating couplings from the mixings of the neutiéland ~ Pproportional tom, for q=c since the term is suppressed by
the mass rati(mZ/mg and does not have the possibly large

£ (bg—ev)=-V “CF | Gyepb) @y, P )
(bg—ew) qb‘fz [(qy*P.b)(ey,PLy

tar? 8 factor.
*Email address: swbaek@muon.kaist.ac.kr In the MSSM withoutR,,, the exchange of the sleptons
"Email address: ygkim@muon.kaist.ac.kr and the squarks leads to the additional four-fermion interac-
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tions which are relevant for the leptonic decay8ahesons. 3 V 4/0.221
Considering the fact that the Cabibbo-Kobayashi-Maskawa Bﬁ;E )\in,{32.7)\i’f3(—vc 0 04J
(CKM) matrix V is not an identity matrix, tha’ terms of the =1 e
Eq. (1) are reexpressed in terms of the fermion mass eigen- V,.40.974 100 Ge 2
. rx [ L CSYTTTN 1%
states as follows: +14 i23< Vcb/0.041:j ' '33]( . \))
Wy =Nij NiDi_% VI,EiUp | DE, 3 ©

Note the large numerical factors coming from the big differ-
ences between the values of the CKM matrix elements.

First, we consider thg=u case. At present, the measure-
ments of the branching ratios of tBe" — |~ v processes give
the upper bound&t 90% C.L) [16]

whereN;, E;, U;, andD; are the superfields with neutrinos,
charged leptons, up- and down-type-quarks ®hdave been
redefined to absorb some field rotation effects. From(Ey.
and Eq.(3) we obtain the effective interactions which are
relevant for the leptonic decays Bfmesons as follows:

off e _ _ B(B™—e 1g)<1.5x10 5,
Evzp(bq—*ﬁ V)= _quW[A%(q'yMPLb)(el YuPLVn)

qPgrb) (e B(B™—u v,)<2.1x10°3,
— B (qPgrb) (&P vy)], (4) MoV

where we assume the matrices of the soft mass terms are B(B™—7 v,)<5.7x107"% (7
diagonal in the fermion mass basis. Note that the operators in

Eq. (4) take the same form as those of the MSSM vRl.  These experimental bounds are much larger than the stan-
Comparing with the SM, the above effective Lagrangian in-garg model expectationsB(B~— e 7g)gy~9.2X 1012
cludes the interactions even wheandn are different from  gg-_, ;=5 )., ~3.9x10°7 and B(B~—7 7,)sy~8.8

each other. The dimensionless coupling constahand B« 10-5. .

depend on the species of quark, charged lepton and neutrino ¢ \ve assume that thR,-violating interactions are domi-

and are given by nant, the decay rate of the procesBes— e v, reads
Vi1
A9 VN g N — 1 m ’
b TV 2 2mg, F(B™—eimn) = g~ Vu"GEIEM3 | Aliar — B,
dl 877 MB
2\ 2
\/2 3 2 , X _ ﬂ 8
Bﬁm:m 2 7 Vghin\i, (5 YE ®

gb i,j=1 ”W
I

3 using the PCAGpartial conservation of axial-vector currgnt

wherel andn are the generation indices running from 1 to -
relations

From the numerical values ¢16], we find

3

V,¢/0.975 (0|by*ysq|Bq(p))=ifg ph
u_ r 1% | Lud Y7 ysd|Bg(P B,PB,
Aln ;l 7\n3|[422>\I1| Vub/OOO?Ji:j a "a
o [Vud0-2218 ] (100Ge 2 _ _ Mg, _
12i | ,,/0.0035  OAMsi mge | (0lbysa|Bq(p))= —ifg, mb+mq5_'quMBq‘ 9)
Bi— i r | 168907 Vd/0.975 Since the species of the neutrinos cannot be distinguished
n= &4 Ainl i13 _Vub/0-003 by experiments and thR,-violating interactions allow dif-

ferent kinds of the charged lepton and the neutrino as decay

380 V,40.221 . | (100Ge 2 products, we should sum the above decay rates over neutrino
+ 23| v/,,,/0.003 i3 . ' species to compare with experimental data as follows:
3 3
, |, [ Vedl0.221) o I
fn:izl Npai [8-2)\|1*i (W]) I'(B™—eg mznglr (B"—e/ vy). (10

.. [ Vcd0.974 100 GeW, 2 o ,
+ 36\ (5 V.5/0.041 +1.52\3 =l I From Egs.(8), (10) and the upper limit on the branching
e’ df ratio, Eq.(7), we obtain
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TABLE I. Upper bounds on the magnitudes of products of cou- TABLE Il. Maximally allowed braching ratios and the list of
plings derived fronrB—1|v combinations whose present upper bounds allow the branching ra-
tios to have the value of order of 1.

Decay Combinations Upper Previous
mode constrained bound bound Decay mode Combinations Branching ratio
B —e v N3\ i3 7.3x10°° 4.9x10°42 B, —e v N3\ 123 1.1x10°2
N1aiNios 3.2x1074 6.0x1074 N13N 503 1.1X1072
N131\ 403 3.2x10°* 6.0x10 4 N3N oos 2.2x10°?
NoaiNais 7.3x107° 4.9x10°42 B, —u v N1z 103 1.0x1072
NogiNoos 3.2x10 4 5.5x10 4 Nogohhos 2.1x10 2
NoaiNpzs 2.0x10°? 2.0x1072 B,—7 v Nosah 523 0.5x10 2
NogiN 403 3.2x10°4 5.5x 104
B —u v N3 113 8.7x10°° 6.0x10 42
N3\ Lo 3.8x10 % 6.0 10 4 Next, we consider the=c case. Recently charm%
N 15\ b 3.8x10%  6.0x10°* mesons B;) were observed17]. It is expected that in the
Nash hs 8.7x 105 6.0x 10-42 near future a large data samplel_ig mesons woulq be a\{all-
N s\ b 3.8x 104 5.5x 10~ able. The standard model predictions of brancrllgg ratios for
B r Az s 5 1% 104 6.0x 1042 B.—lv decay moqis ar8(B.—ev)gy~2.5X 192 , B(B.
Moz b 5 1 104 5 5% 104 —>MV)$M~ 1.QX 107%, B(B.—7v)gy~2.6X10 . T_hese
Ny 5 1 104 6.0 10-%2 l:_)ranchlng ratios can be largely _affepted_ﬁ;panty viola-
233313 ' ' tion. If we assume that th&,-violating interactions are
“Bounds fromB—1;"1;" [9]. dominated, the decay rate of the proceBgs-e v, reads
3 I | m, 2
S I82<15¢10°2 T'(B; —ejvn) = g—|Verl GEfg M | ARy W O
2\ 2
3 | 1- (12
El |BY[2<2.1x 1072, e
A=

3 In Table Il, we list the combinations of couplings whose
D B, —0.3374%, |2<7.4x 1071, (11) present upper limits allows the branching ratios to have
n=1 the values of order of IC?, assuming only one product of

Rp-violating  couplings is nonzero. For numerical

For numerical calculations, we usedg=1.6ps, fg  calculations, we usedrg =0.55ps, fg =450 MeV, Mg_

=200MeV,m,=1.78 GeV, and neglected the lepton masses- g 75 Ge\/[18].

for |=e,u cases. _ ~ To conclude, we have derived the more stringent upper
_ Under the assumption that only one product combination,oynds on certain products Bf, and lepton-flavor-violating

is not zer’o, we ge} the upper bounds on some pomb|nat|orl§)up|ings from the upper limits d8*—1=» branching ra-

of the A" and \"\" type. For the product combinations of {jos. And we investigate the possible effectsRoparity vio-

A\ type, we observe that the several bounds are StroNg&4ting interactions orB.—|v decays. These decay modes
than the previous bounds and list them in the Table I. In thg.5 pe largely affected bg-parity violation.

case of the product combinations ®f\" type, there is no
stronger bound than the previous ones. The previous bounds This work was supported in part by KOSEE.B) and the
are calculated from the bounds on sinfig-violating cou- ~ KAIST Center for Theoretical Physics and Chemistry

pling: see Table 1 of Ref7] (Y.G.K).
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