PHYSICAL REVIEW D, VOLUME 65, 115006

Bounds on brokenR-parity from leptonic meson decays
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Investigating leptonic decays ef ,K~,B~,#%K?, and Bg we present new bounds on some products of
two R-parity violating coupling constants. For mesons of a similar structure but with poor experimental data
we give the corresponding formulas, to be used in the future.
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[. INTRODUCTION Refs.[2—4]. In particular, inR, there are new operators for
leptonic meson decays. The SM theoretical predictions for
The minimal supersymmetric standard modMSSM)  the decay widths of mesons and the measured values match
plus R-parity violation (R,) is obtained from the MSSM by up within the experimental uncertainty. We can thus deter-
adding the following terms to the superpotentiaf. Ref.  mine yet further tight constraints on several products of cou-
[1]): pling constantsh’*\’ and\ '* \. This was first done in Ref.
[5] for single coupling constants and later in RE8] for
1 some products, but treating only charged pions decaying via
AWg = —£° Nijk |_ia L{) EKC 4 gabgxy i LiaQ{)XD)",C either d-type squark or slepton exchange, respectively. Ref-
P2 erencd 7] treated general leptoquark reactions of several par-
1 - . ticles, one of them th&?; this result was quoted in terms of
+58 " Nij UCDJCDIC+e® i LiHE. (1) R, by Ref.[8]; the same result was reached in REg].
Referencg 10] among other things dealt with the decay of
KE, but with only u-squark exchange contributing to SM-
H,Q, andL represent the left chiral SU()doublet super- allowed processes. The decays of neutral and chaBgad-
fields of the Higgs bosons, the quarks, and the leptond,,  sons were treated in Rdfl1] and Ref[12], respectively. We
and E represent the right chiral superfields of thdype  generalize these calculations, focusing on products of two
quarks, d-type quarks and electron-type leptons, respeccoupling constants, and stress where we obtain new or
tively; a superscripC denotes charge conjugatioa;b and  stricter bounds.
X,Y,z are SU(2)y and SU(3} indices, i,j,k and later also
f,g,l,n are generational indicesummation over repeated

indices is implied;, 8 is the Kronecker symbol, and" - Il. R.-DECAY OF CHARGED MESONS
symbolizes any tensor that is totally antisymmetric with re- P _

spect to the exchange of any two indices, withf-=1. A. Calculation of the decay rate

The coupling constants;;, andAjj, are antisymmetric with Consider a negatively charged meset at rest made of

respect to the exchange of the first two and last two indicesg d-type quarkd' and au-type antiquarkui® which decays

The last term in Eq(1) can be rotated away by utilizing a into an antineutrina" and a charged leptold, i.e.,
unitary field redefinition.

Good agreement between SM theory and experiment
gives stringent upper bounds on the extra 45 coupling con- |7 (p))—#"%(p2); 1 (p3)), 2
stantskjj ,Afj , and\{j , as well as on products thereof. For
a list of references and the processes dealt with, see, e.g.,

the p, , 3 being four-momenta. We now calculate the partial

*Email address: dreiner@th.physik.uni-bonn.de decay rate of this process. Focusing on the Yukawa couplings
"Email address: polesell@hawk.pv.infn.it of the first two terms in Eq(1), again with summation over
*Email address: thor@thphys.ox.ac.uk repeated indices implied, leads to

0556-2821/2002/63.1)/1150068)/$20.00 65 115006-1 ©2002 The American Physical Society



HERBI DREINER, GIACOMO POLESELLO, AND MARC THORMEIER PHYSICAL REVIEW B5 115006

f
1
I*. P
ikt R
(’i"ic: N\ s P FIG. 1. The tree-lgve! MSSM
A nkf+ L +R, processes contributing to the
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All spinors are Dirac spinors, the overbar denotes the Dirac 1

adjoint, andP_  are the projection operators on the left- and Mijtn 8*(P1—P2—P3)=5—+ f (110
right-handed partsThe fermions are mass-eigenstatés _ -
tilde denotes a scalar; the scalars’ subsciipt indicate the X (HW+H IR+ H L) |71y d*x.
chirality of the corresponding Weyl spinor. The fourth term

in Eg. (3) together with the complex conjugate of the seventh ©®)
term, and the third term together with the complex conjugat§ye expand the fields in the initial and final states, perform
of the eighth term lead to the meson decay processes dgse integrations, and use

picted in Fig. 1, which give the effective Hamiltonians

27i

O|ul(y) y"PLrd ()| 7 (p1))

o 1 Mty YR, d — f_iipre 1Py

H R=§E ——— 'y, P "uly"P d', =X—=T1,ip,e )
K Mo 2
R
<0|Uj(Y)PL,Rdi(Y)|Wij(p1)>
N N Nkt — — ; 1 mzi' .
HIL:_E ﬂzn_kf |fPLVnUJPRd|, (4) =F — —WJ fﬂ.ijeilply; (7)
k mi?z \/E myi + My

f_ij is the meson decay constdnthus

wherem s the mass of a particle. To obtain the first equation f
we employed a Fierz identity. These two Hamiltonians have Mijfn:% 27( 53)2 (
242 K

5fn8GFVji n )\f’j’p\r’nk
to be added to the effective Hamiltonian for the SM process:

3 2 m,fg

2 '
Mo Mg Nnkr o
_AGeVii D A Xp—2 2 PLV"(P2). 8
= \/5 My, Poviuly’PLd. 5 myi + My m;
L

w

Here G is the Fermi constant and;; is an element of the  'There are several ways of defining the meson decay constant,
Cabibbo-Kobayashi-Maskaw@&KM) matrix. We obtain, for  differing by factors of\2; in the convention we usé,=92.4
the transition amplitudeM;j¢, , +0.3 MeV (see Ref[15]).
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Ut V" are the Fourier coefficient functions Bt »"C, respec- T i _it,c
tively. Next we take the absolute value squared, average over R 7ii ::F--—s’ (13)
the spins, and use the trace theorems. Then we summver mi—1%C

because the experiments that measured the partial decay . .

widths did not determine the flavor of the antineutrios, With me=>mis. If the experimental and SM-theoretical decay

resulting in rates agree well we hay@Re K¢ ]+ 2| Kijenl?[<1 [see
Eqg. (11)]. Putting Eq.(11) into Eg. (13) one gets

; (| Miijeal 2y =4GEE2 V5 2 — mf mi Ri?}."mp
SM
7l

=14 €ij

XX (St 25nRe Kijin 1+ Kijnl %),
n ~1+2ReKjt1 —Kijgq]

9
+ |Kijfn|2_z IKijgnl?. (14
with n n
2 NN Let A... symbolize the theoretical or experimental uncer-
Kijin= > | Sk tainty. If the theoretical predictio® >+ AR 5} lies within
8GH| Vil % m the experimental rang® i+ AR X', one has
R
2 )
) m’j A Nk (10 - R%pt R%pt
- 2 ) € i = — _1
mys(Myi + Mgi) mﬁ ™ Rih" Rih"

'l il
S €4S SM

72e>_<_pt Rex_pt
containing allR, contributions; 2R j¢,] in Eq. (9) is due ( ) -1

to the interference between SM aRg amplitudes. For sim- R i Rif\,"
plicity we neglect the phase of the CKM matrix. The partial
decay rate is then =M, (15)
I,SMHQF, —TSM
il o11,C % Al fyfC We could use this to determine a bound on this general com-

bination of R, coupling constants; however, the bounds on
x| 1+ 2RgK;j11]+ > |Kijinl?|, (11  individual coupling constants are typically of the order
n O(10?) (see Ref[2]), and thus we limit ourselves to at
most two nonzero coupling constants at a time, and in each

with v being anarbitrary antineutrino, and case suppose the other 34\’ coupling constants vanish
[Eq.(16), Eq.(17), and Eq.(18) are also valid fof —g with
SM 242 [(miij_mﬁ)mlf]z fr:i?xH_Er:iljn :
Lo iic=Cij  GEf i Vi |2 3 ; (12
4mej; min , max
€01 <2RKijri 1+ [Kije | *< €
the correction factoiC;;; of O(1) is due to higher order and for n=f |Kijfn|2$6r:i?x- (16)

electroweak leading logarithms, short distance QCD correc-

tions, and structure dependent effesse Ref[13] and also . . .
I%ef [14)) uet P & {13 We assume that the imaginary parts of the coupling constants

are approximately the same as the corresponding realbarts.
With Gg=(0.11663% 0.000001)< (100GeV) ? (see Ref.
B. Calculation of the bounds [15]), we obtain
We prefer not to compare the experimental data directly
with Eq. (1), sincef ij has quite a large error. This leads to —0.33QV;i|(V1+2€l"+1)
very weak bounds oK, . To avoid this, we introduce
_ Re[ A i fik]
(MG100 Ge?’

2The upper experimental bounds en — xS and K~ — uv$
(see Ref[15]) come from a different type of experiment, compared
to the one used to determine the branching ratiosrfor uv© and
K~ — u2C. They do not lead to better bounds on the coupling con- 3If the imaginary part vanishes the bounds are weaker by a factor
stants. of O(1).
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—_om2.. 1% mx \?
2 RG] NN sk <3.4x10°° . ) :
myi(Myi+Mg) (M-/100 Gew? 100 GeV
mx |2
<o. . Foemar_ ) - I,
033QV“|( 1 2€7u 1) (17) |)\2I1)\32j$1.5>< 10 3(m ,
and forn# f

2 6 m[ﬁ i

I nid 2mej [N Mk NI <3.4X 10 100 GeV
(Mgd100 GeVS? 'myi(my;+mg)(Mid100 GeM? (19
<0.66V| /E:r:i?x. (18 The upper boundbounds we obtained for Re\37\ 230

(RENTTN210], [N1TN314d) are weaker than the products of

The prefactor 2n2.,/[m,f(mu1+mdi)] results in much tighter  the two bounds on the single coupling constafsise Ref.
bounds for)\ Nnc- We will apply these results only to [4]); there also much stricter bounds were stated for

! % %
processes Wrth sufficiently small experimental error bars. NN 1ke| @s well as forAgi A g

C.w —I"9+2° D. K=—I"94 €
As a first application, we consider pion decay witfi, j Next we consider charged SkMaon decay with=1, Q,Ei_)
=1, g=2. The SM gives the @ theoretical valueR >" ~ =2. According to Ref[14], R ==(2.472-0.002)< 10"

=(1.2354-0.0004)X 10" (see Ref.[14]; the uncertainty at the 2 level. ExperlmentallyF PPt TP =(1.55
mainly derives fromC,,; andCy;,). From the partial decay +0.14)x10°5 and ['&*" C/r‘“pt =0.6351+0.0036,

K™—uv ~ total

WLOX'EL‘S a the 2z level in Ref [15], eggme'y' at the 2 level [15]. Therefore R "= (2.44+0.22)
y e lo oa= (1 230i‘_3008)>< 107" and '] X075, = ~0.10 andey>*=0.076. US|ng|V12|—O.222
I ota=0- 999877@_:f><10 gme calculates Rmax +0.004 we obtain|\ 13\ 35 <0.04(Mg:/100 GeVy and
=(1.2300.008)<10"". Hence, e, —=—0.0107 ande,=" |\sx)\: |1<0.046 M75/100 GeV}. As for the pion these
~0.0022. With |Vy;|=0.9750-0.0008, Ref.[5] obtained R
bounds on a single coupling constant; this was updated iﬁ Tk sy e

Ref.[16]. We have reproduced their results. The experimen- ounds on Ri\1j Aip] and B@‘ZJK Aoal are much
tal data have only marginally changed and the new bound¥/€aker than the bounds ORifi Ny (see Ref[4]), and we
are |\jy]=<0.027ng; /100 GeV and N}y |<0. 05aG/ d)f) nc))\t list tjhe)\m irmrlarly, the hexrstrng bcr)]unds on
100 GeV. We obtain bounds for the products| 22 and | 12 are much stronger than ours.

. N Furthermore, with My -=(493.6770.016) MeV, mq
of  couplings  [\ijhgy|=0.03 (MG/100 GeVy, =(122.5-47.5) MeV, andm.=(21+4)m, (see Ref[15])

IN 13\ 3] <0.03(Mg#/100 GeVy and IN2ihsul  we have the following new bounds:
<0. 066(mgﬁ</100 GeVY. The first bound is redundant

since the product of the single bounds is stronger; the second
and the third bounds are almost the same as the single bound
on |\1y) and|\jy|. Furthermore, we obtain the following
new bounds(see Ref[15]) using m.=(0.510998902 2.1
X107%) MeV, m,=(105.65835685.2x10 %) MeV, m, -
=(139.570180.00035) MeV, andm,+my=(8.5£3.5)
MeV:*

m| k 2
7.0x10°7 W $th)\((]’f27\1k1]

omiE )
=<1.8x10 m,

m,L~k2

—1. >< — 4 < %
- 1.8x10 ( 100 GeV = R\ 1o\ 22 ]
—-7.9x10°8 m <RGN 3\ k1]

3.8% 10—3( i)

<3. —_—

i 2 100 Ge
<7.1x10 % ————
7:1x10 100 GeV '’ (k=3)
7.9x10° ( AR, [ mx \®
—7.9X — | = ' _

100 GeV drg1hzzl, INCEN ok1|<5.4X 10 G(WLGG\) :
mx \?

“This is the biggest source of inaccuracy, going linearly into the INEN g | <5.4% 106( L )
bounds on\'* \. The same applies to. k12%3k1 100 GeV
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mx |2 In the following, we again assume that only two coupling
N 1] <1.3xX1073 WLGe\) , constants are nonzero. Thus we hgKeg;s,|K313d < v13.3.

Furthermore, the imaginary part is again taken to be about
the same as the real part; henecey1/4+13.3/2—1/2

~ 2

x| < 13X 102 m k <R{ K33 < V1/4+ 13.3/2— 1/2. Thus, with|V,4=0.0035

N siel <1. 100 Ge +0.0015 (see Ref.[15]), mg-=(5279.0:0.5) MeV, m,
(200  =(4200+=200) MeV, andm,=(1776.99-0.29) MeV (see

Ref.[15]) we obtain
The upper bound on RE;5\»1,] obtained from the two
bounds on the single coupling constants is stricter than the

~ 2
one we obtained. 1% < ] L
IN3TA23d=<2X 10 (100 Ge\/) ,

E.B =If+»C

mE 2

For the charged®-meson decay the procedure is slightly - 1%

different since it has not been directly measured. Unlike the 6x10 (100 G \) <R N1 s2a]

two previous cases one only has an experimental upper 5

bound on the branching rati8 (see Ref[15]) and thus has 5 mye

to go back to Eq(11). This was done in Ref.12]. We go <1x10 100 GeV

beyond their work with a more conservative account of the

experimental errors and obtain weaker bounds. We also work (29

from the beginning in the mass eigenstate basis to avoid

model dependent resultsee Ref[18]). According to Ref[12] the bounds o\ .35\ 1xal, [N 53N 13 s
First f=3. The theoretical predictions are limited by |[NjiNoal, RENZIANS3], and RENjTN 313 are not better

M FQP/FS'\"”Q P<5.7x 10 4. As the total widthsI'e*Pt than the previous ones; furthermore, the boundi\di;\ »14

B omg, Botl B2l s weaker than the product of the two bounds on the sing|
SM+R, is weaker than the product of the two bounds on the single
andF agree fairly well one ha$' ~TSM  so .
B total 40 y B total | B total coupling constantésee Ref[4]).

that, utilizing Eqg.(11), we obtain for the branching ratio Analogously, forf=1,2,

SM+R, FSM

C
B— 7€ B*}TVT

SV R ( 1+2Rg Kgy3g + 2 |K 310/

B total

sV 1+2R¢K31ff]+2 |Kagrnl? | TR 1, X 7o
B total

21 »
<5.7x10° %, (26)

To keep the combined uncertainties|of 5| andfg as small
as possible we use the theoretical predictisee Ref[17])  where 75- is the B-meson lifetime. Instead of arguing that
the error onl“g'\ilfvfc is + (0.65/1.05}“§ﬂ|mc, we are go-

:gwc V.2 ing to be as conservative as possible. Due to isospin invari-
o =(4.08£0.24x10°* AL (220 anceB? andB~ have the same decay constant. From Ref.
Btotal

[21], fgo=(200=30) MeV, and thus with our convention
fg=(141+21) MeV (c.f. footnote Il A. Therefore,
In order to take into account the correlated uncertainties irf3|V,4?=(0.24+0.22) Me\?, and with 75-=1.655

V13/V3; we use the Wolfenstein parametrizatitgee, e.g., x10 2 s (see Ref.[15]), we obtain for f=1 that

Ref. [19]): (1+---)(9.0+8.3)x10 <1.5x 10 ° and for f=2 that
- (14---)(3.8-3.5)x10 '<2.1x10°°. Working with the
Vig p—in 23 lower value, forf=1 we get

Vai 1-\22—p—in

. . — Ndhge|<6x1074
The Wolfenstein parameters are given (sge Ref[20]) p Maahaial

m|||i 2
100 GeV @7
=0.21+0.12, »=0.38+0.11, and\=0.222+0.004, all at
95% C.L. We thus obtain for the theoretical predictionThe bounds on\ f\si| and REN N 11] are not im-

¥ T M =(1.05£0.65)x10 % The lower value proved compared to the previous orese Ref[12]), and
o - . the ones o\ 3N sal, /NN sal and RENIEN 5] are too
should be used in Ed21), to be compared with the experi- TP L1k 231 T2 11K 33 1™ 13
mental upper bound. Thus poor to be listedf =2 yields
2 o e )
% —
2Re[K3133]+; |K 31m]2<13.3. (24) NNl 7% 107 55 aa - (28)

115006-5



HERBI DREINER, GIACOMO POLESELLO, AND MARC THORMEIER PHYSICAL REVIEW B5 115006

Reference[12] states that there exist better bounds on

1% /% - )\ku)\knf
INEA el  and  RéNFAe0].  The  bounds  on H=> LU Tp I"dIPRd
1% k' m
IN2iNtad [N Nad, and REN;TA 4] are almost the same o
as the single bound o5y, N
kij*kfn 77 n i
+ > =N Tpoindip, di
ll. R,-DECAY OF NEUTRAL MESONS ko me

YL
A. Calculation of the bounds

Now we deal with the bound statel/fd') decaying into

" and I", with momentap, ,ps,p,, respectively. We con- _ facd)

sider onlyn#f, in which case the process does not occur in Mijin= 2\/‘ U (p3){A'Jf”p1PL
the SM and therefore no contributions from loop diagrams

have to be taken into account. We proceed as in the previous +BjjinPL— ,.anR}V (pz)

section. In Eq(3) the ninth term together with its complex
conjugate contributes to the decay, in analogy to thevhere

dNF;"—exchange in the last section. Furthermore, the second

term together with the complex conjugate of the fifth and the A= E )\nkl)\fkl e
fifth term together with the complex conjugate of the second g mﬁ~Lk Jinf>
contribute, both in analogy to tHek exchange. The Hamil-
L 5 )
tonian is given by 6 Migicq) )\kﬁ)\knf
ijfn = 7 -
~ 1 NN iki — — , (mgi+mgi) kK m~
HY=5 2 m]T 1Ty PUI"dly, Ped, §
u ¥ Hence
f2 ey
SM+R 2 2 7 2 7 2 (dlcd')
F(dJCdl)p*}|f+|nC \/m(dedl)+m|f+ m|n 2(rn(djcdi)rn|f‘I'rn|frn|n+ m|nm(dedi)) 1287m ijfn
(dJCdI

where

o 2 2 2 2 2 2
Yijfn_(m(djcdi)_m|f)|AijfnmIf+Bijfn| +(m(diCdi)_m|n)|AijfnmI”+Bﬁnf| = [BijtnMin— Binsmie|“+ mymyn{| B,

Using the results corresponding to Ed@) we obtain

(29

(30

(31)

(32

Jlnf| — | AjjtnMin—Bijen|*— [ Aijrn My — B]mf|2+|(mlf+ min)Ajjenl %} (33
|
Due to the large experimental error fiyicqiy, we can ne- -
glectm;n compared tanr (with f,n chosen correspondingly 17” [(d'cd )+ (d'Cd); (35
and m;+ compared tamggicgiy . Thus, focusing again on the \/—

bounds on products of two coupling constants, with all other
coupling constants vanishing,

one replaces evengjs, by (1/\/5)(AijfntA]-ifn), and like-

wise for B, ,B}*inf. As in the previous section, we will

B;: B¥ . :
|Aijm|, | 'Jf”| M tal data, as was done in R¢f.1], treating among other pro-
my my cesse’—17+1"C: we confirm their results.
expt upper boung—~expt
20 1“(dJCdi)ﬂlanC Fr(dlcd')etotal
= B. Bl—u+eC
f(dedi)m|f m(dJCdl) (dlcd')

(349

We now considerB?,B2°— u+eC, i,f=2,]
andi«j. The relevant parameters are given kh\g=(1.16

apply Eq.(34) only to processes with satisfactory experimen-

=3n=1,

+0.04)fgo (see Ref.[21]), B(BI—pu+€%)<6.1x10 S,
Here 7 is the mean lifetime. The same considerations applys?=(1.464=0.057)x 1074 s, and  mgo=(5369.6

to mesons that have wave functions of the form +2.4) MeV (see Ref[15]). Thus
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TABLE I. Bounds on products oR, coupling constants.

Lower limit/ Product of Upper limit/ Exchanged
(Mgusy/100GeVY R, coupling constants Nisusy/100GeVy sfermion
—7.9x10°8 R AT\ il 7.1x10°° M
—7.9x10°° R N 55\ 23] — I

0 NN 3kl 3.4x10°6 (I

0 INSF N304 1.5x10°3 I

0 INIFNondl 3.4x10°© I
—7.0x10°7 RN oM 1kt 1.8x10°° I
-1.8x107* Re[ A oM ok2] 3.8x10° 3, k=3 I

0 NN 2kl 5.4x10°© e

0 INiioN il 5.4x10°© Ik

0 NG 12 1.3x10°3 Ik

0 IN A 3ol 1.3x10°3 I

0 IN3TN23d 2x10°° I
—6.4x10°* R\ j\ 304] 1x10°3 I

0 I\ kiaN 3kl 6x10°* Ik

0 I\ kiaN akal 7x10°* I

0 I\ 129\ 57 8x10°° U

0 NN aial, k# 1 8x10°3 Upx

0 NN oy 3x1077 Upx

0 I\ Liah a2 3x10°’ Uk

0 I\ k3Nl 7x10°° ZE

0 I\ kSshkail 7x10°° R

0 I\ k32N kil 7x10°° ZE

0 Nad 7x10°° X
0 NN 6x10°° VT

0 NNl 6x10°° K

0 |)\I,<12)\:21| 6% 1079 ,th

0 |)\I/<21)\E21| 6X 1079 ’VN

0 INSTN 314 3x10°3 K

0 IN31N 32 3x10°° ;E

X 2
IN 1o\ s34 =<8% 1073 i J NN <7X 107 (m—) . (36)
100 GeV

’ ’ — u'—k
N kN ks <8x 1073 100 \) )
100 Ge\/) '

NSkt <7X107° 100 Ge\/) ,

INk3oN k12 <7 X 10° 5(

INGA kot <7X107° 100 Ge) ,

Our results for|\ 1,3\ 55| (k#2) andk=1 for the second
bound are weaker than the products of the bounds on single
coupling constantssee Ref[4]).

C.K’—>u+e®

KP is defined as[KJ+eK{]/V1+€?, with K3 ,=[K°
+KOC/\2. e parametrizes th€P violation. If we neglect
e, KP=[K°—KO®)/ |2, withK°=(sd). From Ref[15] one
has myo=(497.672-0.031) MeV o= (5.17+0.04)
x 1078 s, andB(K?— u+€e%)<4.7x 10" *2. Referencd15]
givesfx=(159*1.4+0.44) MeV, which in the convention
we use gives the central value 112.4 MeV. Hence, the first
two bounds updating previous ones,
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, mIJ\LE 2 m’V\E 2
! I£3 — ’ _
INkoN gia| <3% 10 100 GeV N33 =3% 1073 100 GeV (38)
—~ 2
m; & . ,
INLAbE $3><10—7( ‘L ' In Ref.[4] a much stronger bound is stated far, Ay, ]
100 Ge Furthermore, the authors present a better bound for
U IN111M 124 and from Ref.[4] one finds a stricter bound on
N3N k1o <6X 1o9< M \) IN5TN 214, based on the bounds on single coupling constants.
k21/V k12 = ’
100 Ge
¥ 2 IV. SUMMARY
NI\ k1 <6 109(—100 (LBe\) , We have determined the bounds on productf®Rgfcou-
pling constants from leptonic meson decays. In many cases
m¥ 2 these bounds are better than previous bounds. We have sum-
INL N g <6 10_9( L \) marized the bounds in Table | at the end of this text. With the
k12%k21 100 GeV ' formulas given the bounds can easily be updated when the
data improve. Furthermore, if additional decays are mea-
m:f 2 sured(e.g., from theB factorie3 one can determine addi-
INfoh gy <6%107° 100 GaV (87)  tional bounds. Equationd7) and (18) can be used to con-

sider 12 casesD (i=1j=2), D, (i=2j=2), B™ (i

=3,j=1), B_ (i=3,j=2) decaying intee+ ¢ and u+ v©

(f=19=2), e+v° and 7+ ° (f=19=3), u+v° and 7
With small modifications the result of Sec. Ill A can also +»© (f=2,g=3); Eq. (34) can be applied to the decay of

be carried over to admixtures ofiCd’) with (ui®u'), asthe B? (i=2j=3) to r+e® (f=3n=1) or 7+uC (f=3n

latter term does not contribute to any decay because the up-2), and the decay of th¥ (i=j=23) to r+€° or 7+ u°

type quarks do not couple together with tRg operators. or u+e® (f=2n=1).

However, we shall limit ourselves to the: 5 and ' are

more complicatedsee Ref[15]), and the experimental data

D. w%—p+e

do not suffice to extract satisfactory bounds. ACKNOWLEDGMENTS
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