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Constraints on the R-parity- and lepton-flavor-violating couplings from B° decays
to two charged leptons
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We derive the upper bounds on certain productRgfarity- and lepton-flavor-violating couplings from the
decays of the neutrd& meson into two charged leptons. These modeB%dlecays can constrain the product
combinations of the couplings with one or more heavy generation indices. We find that most of these bounds
are stronger than the previous ong80556-282197)03711-9

PACS numbgs): 11.30.Fs, 12.60.Jv, 13.20.He, 13.25.Hw

In the standard mod€EM), there are no couplings which In the MSSM, the most gener&,-violating superpoten-
violate baryon numbeB and lepton numbel. The failures tial is given by
of experimental searches to filg} and/orL-violating pro- e e
cesses show that this feature of the SM is a good one. But W, = NijkLiL Bt A LiQiDit Aij UiDjDi. (1)
one notes that this feature of the SM is not the result of o o
gauge invariance. In the supersymmetric standard model§lerei.j,k are generation indices and we assume that pos-
there are gauge invariant interactions which violsteand ~ SiPle bilinear termsu;LiH, can be rotated away.; andQ;
L generally. To prevent occurrences of theBe and are the SWR2)-doublet lepton and quark superfields, and

L-violating interactions in the supersymmetric standard modEjC,’Uic .Df are the singlet superfields, respectivelyy and

els, an additional global symmetry is required. This requireNijk @re antisymmetric under the interchange of the first two
ment leads to the consideration of the so-caRegarity. R and the last ,,tWO g”eneratlon indices, respgctlvgly;
parity is given by the reIatioer=(—1)(3B+L+2S) wheres  Nijk= ~ Ajik andXjj = — Ny - S,o the number of cogpllngs is

is the intrinsic spin of a field. According to this definition, 4° (9 Of thex type, 27 of the\” type, and 9 of tha.” type).

R, of the ordinary SM particles is-1 andR, of the super- Among these 45 couplings, 36 couplings are related with the

partners is—1. Even though the requirement Bf, conser- lepton-flavor violation.

vation gives a theory consistent with present experimental "nThSe@gQ:IEirlﬁguss B;eri-enqgfjig];gearg?ol_r;\ggglngTZO:\;oi da
searches, there is no good theoretical justification for thi 9 q P Y-

requirement. Therefore, the models with explRjtviolation 00 rapid proton decay we should constrain these couplings

have been considered by many authdrk If we discover a very strongly:
sign of R, violations in future experiments, it may provide us N \"|<10°2 @)
with some hints of the existence of supersymmetry.

In the model withoutR,, the supersymmetric particles for squark masses around 1 T¢®]. Note that this bound
can decay into the ordinary particles alone. So the couplinggoes not affect certain products of couplings with heavy gen-
which violate R, can be detected by using usual particleerations at the tree level. Therefore, one can expect the pos-
detectors. To discover i, violation in future experiments, sibility of large R,-violating couplings with heavy genera-
we need to know what kinds of couplings are severely contion indices. But recently, the authors of REg] studied the
strained by present experimental data. Therefore, it is impofpne-loop structure. They showed that, choosing whichever
tant to constrain th&-violating couplings from the present pajr of couplings\’ and \”, there is always at least one
data, especially data on the processes forbidden or highlyjagram relevant for the proton decay at one-loop level. This
suppressed in the SM. Usually, the bounds on theneans there are upper boundsahproducts ofa’ and\”

Rp-violating couplings with heavy fields are not stronger from the proton decay. The less-suppressed pair of couplings
than those with at most one heavy field. has the bound

In this paper, we try to derive the upper bounds on certain
products ofR,- and lepton-flavor-violating couplings from N7 N"|<107°. 3
the decays of the neutr8 meson into two charged leptons
in the minimal supersymmetric standard modMSSM) It is known that the bounds from the proton decay are better
with explicit R, violation. These modes d8° decays can than those fronB-meson decays unless branching ratios of
constrain the product combinations of the couplings with onel0™8 or better are obtainef4]. To constrainR,-violating
or more heavy generation indices. We find that most of theseouplings from theB-meson decays, therefore, we should

bounds are stronger than the previous ones. avoid the simultaneous presenceBsfandL-violating cou-
plings.
In this paper we assume thBtviolating couplings of the
*Electronic address: jhjang@chep6.kaist.ac.kr \" type are vanishing. For example, one can construct a
"Electronic address: jslee@chep6.kaist.ac.kr grand unified model which has only lepton number noncon-
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serving trilinear operators in the low-energy superpotentiahnd[15]
whenR, is broken only by bilinear terms of the forinH,

[5]. We observe that many additional and stronger upper BBy—utu)<1.6x10°8,

bounds o\’ and\’\’ involving heavy generations can be

derived from the experimental upper bounds on the pure lep- B(Bs—pt " )<8.4x10°6. (6)
tonic decays of theB meson;B°—e*e™ or e*u™ or

esrroruTrorut . In the SM, the processes which have different lepton spe-

The exchange of the sleptons and squarks leads to thees as decay products are forbidden due to the conservation
four-fermion interactions in the effective Lagrangian at theof each lepton-flavor number. On the other hand, the pro-
scale ofB-meson mass. Among these four-fermion opera-cesses with the same lepton species are highly suppressed;
tors, there is a term relevant f&° decays into two charged B(B,—e"e )=(8.0+3.5)x10 B(Bs—u u”)
leptons. This effective term has 2 down-type quarks and 2=(3.5+1.0)x 10 ° [16]. The pure leptonic decays @
charged leptons. From E¢l) we obtain meson are more suppressed by the smaller CKM angle. So
we neglect the SM contributions to the processes under con-
siderations. But in the MSSM under considerations, all pro-
cesses are possible througég_z, at the tree level.

n Using the PCAQpartial conservation of axial-vector cur-
rend relations

3
2 o I
ﬁgg,m = 21 m_g,[)\:Jk)\r’]lm(eJ PRek)(deLd|) + HC]
!

3

1 _
— D K, KENENL (e yHPLe) _
2 nrixps™ jrkMsm\®j L=l i
nrs=12me (Olby*ysalBq(p)) =ifg P,

X(dm’)/,u.Pde)! (4) L Mé
whereK is the Cabibbo-Kobayashi-Maskaw@KM) matrix (0|b75q|Bq(p))— 'qu my,+m - IquMBq' @
and we assume the matrices of the soft mass terms are diag-
onal. the decay rate of the procesdgg— e, ej+ reads

The effective termcSt_,, is also related with the pure
leptonic decay modes of the neutkaimeson 6]. From these I'(By—e ej+)
decays ofK® meson one can derive upper bounds o

between 107 and 10 8. But for some\’, which include at 2 3

least one heavy generation index, the product combinations _ _8q Bq\/1+(;<-2—;<-2)2—2(;<-2+;<-2)

of the A\'-type are not constrained frol-meson decays. 64mm o Lo

B-meson decays can constrain certain product combinations

of A\’-type which are not constrained fro-meson de- X{(| A2+ B2 (1= k= k) +|CH[ (k] + F)

cays. But, the upper bounds froBndecays are less stringent 2 20 q 1o0* g
than those fromK decays since the experimental upper (1= 1)) ARAATB ) iy + 2 RAAGGT)
Eotjnr;dssénogei—arggson decays are weaker than those on 5 (1+ k2 «?)+2xReBICT)(1+ k>~ kD)), (8)

There are upper bounds @ngle R,-violating coupling  \here q=1(B,) or 2(By), x;=m, /Mg . We assume the
from several different sourcd§—10.. Among these, upper universal soft mas&. Ma is thelmasqs oB. meson and
bounds from neutrinoless doubj® decay[8], v mass[9], "By a

andK*, t-quark decay$10] are strong. Neutrinoless double qu is the usual leptonic decay constant of Bygmeson. The
B decay gives\;;;<4x 10 *. The bounds fromy mass are ~constantsAl , 5]}, andCl which depend on the generations
N133<1073 and \133,<10"3. From K*-meson decays one Of leptons and the type of decaying neutBaimeson are
obtainsh ;, <0.012 forj=1 and 2. Here all masses of scalar 9IV€n by
partners which mediate the processes are assumed to be 100 3
GeV. Any cosmological bounds can be avoided by assuming A9 _22 Ny
the smallest lepton-number-violating couplingis less than i1 e &) tniffngss
107 [11]. Fully reviewed and updated limits on single
Rp-violating coupling can be found ifl2,13. 3
The measurements of the branching ratios of the Bi=2> NNk

0 . ij nji n3q’

B”-meson decays to two charged leptons give the upper n=1

bounds(at 90% C.L) [14] , \
1 1
- — 6 ’ ’ ’ '

B(By—e"e )<5.9x10°°, (5) cﬁ.:zn’p’ES:1 KnpKrh Toq 153:521)‘ Nh s (9
B(Bg—e " u7)<5.9x10°6,

Note thatA]# Al , etc. and we assume the universal soft
B(By—e 77)<5.3x10 4, mass. The values ok; are the followings: k;=10%,

k,=2X1072, and k3=0.34. So we neglect the effects of

B(By—u ™ 77)<8.3X10 %, lepton masses if there is noin the decay products.
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Neglecting lepton masses, the decay rate becomes simple TABLE I. Upper bounds on the magnitudes of products of cou-

and has terms which depend only gt} and 5] . Numeri-  plings derived fromB® decays into two charged leptons.

cally, we obtain

Combinations

Decay mode constrained Upper bound Previous bound
— Aty — 1 ql2 q |2
T(Bg—ey €)~2.93¢10 1| Af|*+|Bj|%] By—e'e Aoy 46X10°°  4.8x10°*
¢ 2/ M 3 Ni2hby  4.6Xx10°° 8.8x10°3
X( Bq ) ( Bq \) Mgz 46x10°  1.2x10°°
0.2GeV |5.28 Ge Niahgs  4.6%x10° 2.6%x10°?
100 GeWw * Bo—etu +e ut  NpNls  46%x10°  48x10°*
X = GeV (10 NaiNjy  46X107° 1.0Xx10°2
Niphbg,  4.6Xx107°  8.8x1073
For example, let us think about the decayByfinto e*e™. Mzz’\éls 4.6 % 10:2 4.8 X 10:;
In this caseji=1, j=1, andg=1. Combining the above Nzhzs 4.6 X10 1.2x10
equation with Eq(5), we obtain MMz 46X10°  2.6x10°2

Noghbzs  4.6%X107° 1.1x1073
Noshgy  46X10°° 23x10°2

192 12 —9

A"+ By < 8.5 10 (D Bi—e'r +e rt  Appls  49X107%  48x1074
From Eq. (9, AL=2(—MMhs—A5\59 and Ny 49X10°°  88x10°
BY=2(— X120\ 33— N3\ '33,). Under the assumption that Mgy 49X10°% 12x10°°
only one product combination is not zero, we obtain the MMl 49X107%  26Xx10°2
same upper bound 4610~ ° on the magnitudes of four cou- N3N 313 49x10* 1.2x10°°
pling products;\ 121\ 513, N121N 231, 131k g3, @NdN g3 s, Nahsy  49x10% 2.6x10°"
In a similar way, other upper bounds can be obtained in the Noshpy  49X107* 1.1x10°
cases 0By decays inte” " +e*u”, u* u” andBg decay Apsihsy  49X104 2.0x102
into u™u”, see Table I. Njaihss3  5.8%x10°%  6.8x10°2

We have two decay modes 8f meson which have in

— + = . + - -+ ’ — 4 — 4
the decay product8®—e* 7™ or u* 7. In this case, Bamp'm tu 7 Ay 6.0X10 4.8x10

Ny 6.0X10°%  1.0x10°2
N1z 113 6.0 X104 1.2x10°%

I'(By—7 € )+T(By—e ) Nghis  6.0X107% 2.6 x1072
Mgz 6.0x10% 1.1x10°°
~2.93x 107 19% 0.88x{0.88x (| A% |2+ | BL |2+ | A% Noshz — 6.0X10°% 20107
Apshsiz  6.0x10% 1.1x10°°
+[B%5%) +0.10x (|cg |2+ |Cy[%) Noshbs  6.0X10°%  2.3x10°2
+0.60% Re(BY,CIF + ALCE)) xém)\égs 7.4 X 10:2 5.7 X 10:
Npshbay 7.4 %10 1.1 x10
2 3 4
x( e, ) ( Me, \) 100 Ge\)) Gev. (12 Binn Ny 24X10°5  48X10°4
0.2GeV |5.28 Ge m Aiohjy  24X10° 1.0x102
Noshgs  24x10°  1.1x10°
One obtains the most stringent bounds|atf|? and|B|? Naghber  24X10°° 23x10°2
or on product combinations of the\’-type. The bounds on T . —~ —
BCYF and ALCY are slightly weaker than those on Bs—# # M2 123 55X 1075 4.8 x 1072
| A%L|? and|B%|2. These constrain the product combinations )‘122)‘}32 55x 1075 1.6 1073
of the type ofAN"N"\'. We will not consider these kinds of Naghas  5.5x10 1.1 x10
bounds om\’\’\’ since these bounds seem to be less im- Neshi;  55x107°  2.3x10°

portant. The bounds dig’,|? and|C%;|? are the weakest ones.
For the case oB, decay into electron and, i=1 and
q=1. Neglecting the terms of ReA4,B)3C3* 1,

) ) ) ) tudes of six coupling products of the'\’-type; N3;;M 113,

2 2 2 2 ’ ’ ’ ’ ’ ’ ’ ’ ’ ’

0.88X (| A3y *+ [ Byy|*+[ Az *+ | Bi3*) N3oN123: A3zhizzs Ai1ihaias )\121)\32_3, and N3\ g33.
+0.10x (€Y% +]CLy?) <8.5% 1077, (13) Amo_ng these, only the _bound A3\ 3331 stronge.r than the

previous one. In a similar way, the bounds coming frBp

Under the assumption that only one product combination iglecay intox 7"+ "7~ can be obtained, see Table I. In

not zero, we obtain the same upper bound<419~* on the  the case ofB4 decay intox and 7, only two bounds on

magnitudes of eight coupling products of th&’-type. We  Nj3:h333 and 33k 33, @re stronger than previous ones.

also obtain the same upper bound 88 % on the magni- The previous bounds are calculated from the bounds on
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single Ry-violating coupling, see Table | of Refl3].l We  B-meson decays are weaker than those fiérmeson de-
observe that the bounds on the product combinations of theays, B-meson decays can constrain the product combina-
AN'-type, which are between 16 and 10°°, are stronger tions of theX\’-type which K-meson decays cannot con-
than the previous bounds or comparable except those dsfrain.
M 133\ 413, N13\43;. This is because there exists a strong up- T0 conclude, we have derived thg upper bounds on certain
per bound (10%) on \,33 from » mass. We find that only 3 Products ofR,- and lepton-flavor-violating couplings from
of 12 bounds on the product combinations of ¥e\’-type the decays of theO neutr@8-meson into two charged Ieptons..
are stronger than previous ones. Thgse modes dB dgcays can constrain the product comk?|—
There are bounds on certain product combinations of th@ations of the couplings with one or more heavy generation
\\'-type from theK-meson decays into pure lepton pairs: indices _Whlch t_he similar decay modes K&fmeson cannot
K,—ete , Ki—u u, andK —e u +e u* [6]. The constrain. We find that most of the bounds on products of the

bounds fromK-meson decays are more stringent than thosé\ ' -tyPe are stronger than the previous ones. For the bounds
from B-meson decays. They are between 1@nd 10°8. We 9N products of the.’\’-type, we find three stronger bounds

observe that even though the bounds am’ from than previous ones.

IWe useh |, <0.012 and\ }5,<0.4 from[10] instead of the val- Two of us(J.H.J. and J.S.Lthank K. Choi for his helpful -
ues shown in Table | of Ref13]. remarks. This work was supported in part by KAIST Basic

Science Research ProgrdthS.L).
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