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R-parity-violating SUSY and CP violation in B— ¢pKg
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Recent measurements 6P asymmetry inB— ¢Kg appear to be inconsistent with standard model expec-
tations. We explore the effect &parity-violating SUSY to understand the data.
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. INTRODUCTION ments of sin(B) can be easily accommodated in the pres-
ence ofR-parity-violating SUSY.
In the standard mod&iSM), CP violation is due to the

presence of phases in the Cabibbo-Kobayashi-Maskawa IIl. R-PARITY BREAKING SUSY AND B— ¢Kg
(CKM) quark mixing matrix. The SM predicts largeP vio- _ o _ )
lation in B decays[1] and theB factories BaBar and Belle In supersymmetric modeldx-parity invariance is often

will test the SM explanation of P violation. One of theCP ~ imposed on the Lagrangian in order to maintain the separate
phases of the CKM unitarity triangle has already been meaconservation of baryon number and lepton number. Rhe
sured: sin B=0.78+0.08[2], which is consistent with the parity of a field with spinS baryon numbeB and lepton
sml numberL is defined to be

The goal of theB factories is not only to test the standard _ 25+ 3B+ L
model (SM) picture of CP violation but also to discover R=(-1) ' 4
evidence of new physics. Decays that get significant contriz
butions from penguin diagrams are most likely to be aﬁeCteAszmmetric particles.

b% newt_phybsics{4]. Intparticular the de_ca(?aq&KS isa/gryd . The presence oR-parity conservation implies that super
INteresting because 1L 1S a pure penguin diagram and IS domg icles must be produced in pairs in collider experiments
nated by a single amp_htude m_the_SM. Hence this _decay call q the lightest super particld. SP) must be absolutely
be (l;.sed to me_aﬁurg suﬂfﬂand i rt]h's measurement 'Slf.ﬁ;nd stable. The LSP therefore provides a good candidate for cold
to |sagreehW|t_ S|_r|1|(€) rorr|1 other mefasurem:nt_s, ! dark matter. There is, however, no compelling theoretical
—J/yKs, then it will be a clear sign of new physi¢s]. motivation, such as gauge invariance, to impose R-parity
There have been recent reported measurementSRf oo o aion

asymmetries irB— ¢Ks decays by BaBaft] The most general superpotential of the minimal super-
symmetric standard modéMSSM) consistent withSU(3)

is +1 for all the SM particles and-1 for all the super-

; — _10+052,

Sin2B(¢Ks)easar= ~ 019050+ 0.09 @ X SU(2)XU(1) gauge symmetry and supersymmetry, can
and Belle[7] be written as

SiN2B(HK<))gere= —0.73+0.64+0.18. (2) W=Wg+ Wk, ®)
Combining the two measurements and adding the errors iherelVs is theR-parity conserving piece, and breaksR
quadrature one obtains parity. They are given by

SiN(2B(pKg))ape= —0.39+0.41. 3) Wr=hijLiH,E] + hjjQiH,D}+hjjQiH, U7, (6)

This result appears to be inconsistent with SM prediction as 1 e < 1 R
sin(28) from B—J/ 4K should agree with sin(@ from B W= 5 MLk Bt M LiQiDict 5 Mg UiDyDy
— ¢Kg up to ON?) with \~0.2. However, the measure-
ments presented above seem to indicate ac2deviation +uiLliH,. (7)

from SM expectation. Implications of these measurements

were discussed in Refi8] and a possible explanation of the Here Li(Q;) and E;(U;,D;) are the left-handed lepton
data with substantial flavor changing nutral curréRENC)  (quark doublet and leptortquark singlet chiral superfields,
couplings of theZ was suggested. In this paper we study thewherei,j k are generation indices arddenotes a charge
effect of R-parity-violating SUSY for the decaB— ¢Kgin  conjugate fieldH, , are the chiral superfields representing

the light of the new data and show that the present measuréde two Higgs doublets. _
The X and\’ couplings in[Eq. (7)], violate lepton num-

ber conservation, while the” couplings violate baryon
*Email address: datta@Ips.umontreal.ca number conservation. There are R7-type couplings and 9
1A new world average for sin@=0.734+0.051 has been reported €ach of thex and\” couplings as\(;j; is antisymmetric in

in Ref. [3] but this new value has little impact on the numbers asthe first two indices andj;,, is antisymmetric in the last
well as the conclusions presented in the paper. two indices. The nonobservation of proton decay imposes
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very stringent conditions on the simultaneous presence die write

both the baryon-number and lepton-number violating terms

in the Lagrangiaf9]. It is therefore customary to assume the X

existence of eithek-violating couplings oB-violating cou- Xi+X,= 2e"f’,

plings, but not both. The terms proportional xoare not 12Mm

relevant to our present discussion and will not be considered

further. where ¢ is the weak phase in thB-parity-violating cou-
The antisymmetry of th@-violating couplings\{jy in plings andM is some mass scale witid ~n; . We require

the last two indices, implies that there are no operators thak| to be such thatA | and|A¢K | are of the same size,

can generate thb—sss transition, and hence cannot con- which then fixeg X|~ 1. 5>< 102 for M =100 GeV which is

(12

tribute toB— ¢Ks at least at the tree level. smaller than or within the existing constraints [ from
We now turn to thel-violating couplings. In terms of Ref [11].
four-component Dirac spinors, these are giver] by We can now calculate sin@es; from
£1=~ Nl W da] + 8ol + @+ ) o ] N
. f
~ SiN(2B)ef=— 5,
—uldkel —(dR)* (eD)°ul ] +H.c. ®) Pe (147
— . o (13
For theb— sss transition, the relevant Lagrangian is A
)\f:e_ZiﬁK
N3N — Ni2oN iz — '
Leti=—55YrS SyLb+ 55y S Sysb,  (9)
m;_ m;_

' ' where A= AZ% +AF£*K and A is the amplitude for the

whereyg, = (1= y5)/2. There are a variety of sources which CP-conjugate process. Note that from Ef0) and Eq.(11)
bound the above couplind41] but the present bounds are sin(28)e; is independent of and hence free from uncertain-
fairly weak and the contribution from thee-violating cou- ties in the form factor and decay constants. It is also possible

plings can significantly affedd— ¢Kg measurements. that nonfactorizable effects may be less important in
In the SM, the amplitude foB— ¢Kg, can be written sin(28)cs as we are taking ratios of amplitudes. In Fig. 1 we
within factorization a% plot sin(2B).ss versus the phase and it is clear from the
figure that the present measurements in @¢.and Eq.(2)
s, Ge 1 1 1, . can be easily explained.
AgKky= \/EthVts agtagt+ag— §a7_ 539 580783
1
Cc C [ Cc 1 Cc
—az—agt §a7+ §a9+ Ealo Z, (10 075

Z:2f¢,m¢,FBK(m(2b)8* . pB y
05
where f, is the ¢ decay constant anégk is the B—K

semileptonic form factor. Tha!*® are the usual combination
of Wilson’s coefficient in the effective Hamiltonian. Faras 025
well as the quark masses we use the values used i R8f.
The R-parity contribution can be written s

P
A g o
A¢KS:(X1+X2)Z, Z
N3 i2 —025
1= - ’
24m’,
-0.5
_ )\|22>\|23 (11)
2_ - T 5 .
24m¢°
Vi -0.75 -
- . . . . . _ . ) L . ) L . ) L . )
This decay has been recently studied in QCD factorization in 10 30 80 90 120 150 180 210 240 270 300 330 360
Ref.[12]. ¢ (degrees)
3The effect ofR-parity-violating SUSY orB— ¢Kg was consid-
ered in Ref[13]. FIG. 1. Sin(2B)e¢: VS ¢.
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We now turn to the calculation of branching ratios and thesence of the strong phase one can still easily accommodate
direct CP asymmetry. The measured branching ratio Br ( the data for sing in B— ¢Kg. If in fact the strong phases
—®KO) is (8.1 31+ 0.8)x 10 ® [15] while Belle measures are small one could look fofr-violating correlation inB
a value for the direcCP asymmetry, i.e. the cosine term — ¢K* or in the corresponding , decayd 16].
C=-0.56+0.41+0.12 [7] which is consistent with zero. If R-parity-breaking SUSY with. violation is the correct
The calculation of the branching ratio as well as the direcexplanation for the data in Eql) and Eq.(2), then proton
CP asymmetry is difficult and suffers from hadronic uncer-decay constraint§9] would lead one to expect that the
tainties even within factorization. The branching ratio, within B-violating couplings are very small and effects associated
naive factorization, depends on the form factors and¢ghe Wwith these couplings will not be measurable. We also point
decay constants. The uncertainties in these quantities cajut that theR-parity-violating operator fob— sss is not the
easily change the predicted branching ratic_) by a factor of 2¢|5ted to thebesﬂ(a)u(d), unlike some models of new
or so. The direc€ P asymmetry could potentially be large as physics. Henc&-parity-violating effects irB— ¢K can be

there are two interfering amplitudes of the same size. HOWVery different than inB— K, for example, which is @

ever the directCP asymmetry crucially depends on the " L
strong phase which can be perturbatively generated throquSuu transition. However the neR-parity-violating SUSY

tree level rescattering in factorization. The size of this strongleneratedb—sss operators will affect decays likeB
phase, in this case, depends on the charm quark mass as west (K*) 7 7). Ap—=An(7'), Ap—A¢, etc. [17]. )

and the gluon momentum in the penguin diagram. Using the N conclusion, recent measurements® asymmetry in
values of the form factoFgx=0.38 and thep decay con- B— #Ks appear to be inconsistent with standard model ex-
stantf ,=0.237[12] and taking a typical value for the phase Pectations. We show that the effect Bfparity-violating
$=1.5 radians (86°) we obtain the branching ratio fér ( SUSY can easily accommodate the data.
—®K%=9.5x10°, sin28=—0.57 and the directCP
asymmetry ~35%. We have usedm.=1.4 GeV, m,
=5 GeV and the gluon momentuq?zmglz to obtain these This work was financially supported by NSERC of
numbers. We would like to stress here that even in the ab€anada.
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