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Abstract In the framework of R-parity violating supersymmetry, we investigate the time dependent CP

asymmetry S¢kg anomaly of B — ¢Ks decay. When the values of the weak phase ¢ in the R-parity violating

coupling fall into certain parameter spaces (246° < ¢ < 263°) we find that this anomaly can be easily ex-

plained; at the same time, the branching ratio of B — ¢Kg decay can also be in agreement with experimental

measurements.
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1 Introduction

The study of exclusive non-leptonic weak decays
of B meson systems provides not only a good oppor-
tunity to test the Standard Model (SM) but also a
powerful means of probing different new physics (NP)
scenarios beyond the SM. In this respect, the B fac-
tories at Cornell, SLAC, and KEK are doing a com-
mendable job by churning out a huge amount of data
on various B decay modes. The measurements of the
time dependent C'P asymmetry Sy yx, of B— J/PKs
decay have established the presence of C'P violation
in neutral B meson decays. The world average of the
time dependent C'P asymmetry of B — J/{PpKg and
the measured value!"

S‘]/wKs =Sin(2ﬁ)3/wKS =0.7344+0.054 (1)

is consistent with the SM expectation!®. However, re-
cent measurements of the time dependent C' P asym-
metry Syxs of B — ¢Kg decay disagree with the
above value. Recently, Belle and BaBar have re-
ported the newest data about the C'P asymmetry of
B — ¢Kg decay

Sprs= 0.5040.23, Ayk, =0.11+0.16 Belle™,  (2)

Sprs= 0.10£0.29, Agx, = —0.28 +0.20 BaBar!®. (3)
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Combining the data from the two experiments, we
can obtain

Sexs =0.3540.19, Agk, =—0.04+0.13.  (4)

Within the SM, because the difference between
the asymmetries of B — J/{Ks and B — ¢Kg decay
is expected to bel?

Soxs = Sijprs +O(N?) (5)

where A ~ 0.2, these results still indicate 20 deviation
from the SM prediction and may reveal new physics
effects.

A large amount of theoretical effort has gone into
examining the possible NP contributions™ ¢. In par-
ticular, in Ref. [5], A. Datta has discussed the time
dependent C'P asymmetry Sk, anomaly of B — ¢pKg
decay in the presence of R-parity violating supersym-
metry (RPV SUSY). However, the authors obtain
quite loose constraints on the weak phase ¢ in the
R-parity violation, furthermore the data of the time
dependent C'P asymmetry Sk, they used are obvi-
ously different from the current ones. In this paper,
according to the newest data and using a QCD fac-
torization approach for B — PV, we provide a so-
lution for the time dependent C'P asymmetry Sykq
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anomaly in the framework of RPV SUSY and obtain
more stringent constraints on the weak phase ¢ in the
R-parity violation.

The paper is organized as follows. In the next sec-
tion we give a very brief introduction to RPV SUSY.
We discuss the CP asymmetry of B — ¢Kg decay in
Section 3. Our conclusions are in Section 4.

2 RPV SUSY

R-parity symmetry was first introduced by Farrar
and Fayet!® and was assumed to forbid gauge invari-
ant lepton and baryon number violating operators™.

The R-parity of a particle field is given by
R= (_1)3B+L+2S (6)

where B denotes the baryon number, L the lepton
number, and S the spin of the SUSY particle, respec-
tively. Apparently, lepton and/or baryon number vi-
olation could lead to RPV.

The explicit RPV would introduce renormalizable
bilinear higgsino-lepton field mixings and trilinear
Yukawa couplings between the ordinary quark and
lepton matter particles and the squark and slepton
superpartner particles

A A 1 PPN
Wrpv = Z/LiLiHu+Z<§/\[ij]kLiLj T

i,k

/ 7 A Ac 1 " AcAcAc
/\ijkLinDk+ 5/\i[jk]Ui Dj Dk>7 (7)

Lrpv = Z (B HE — e )+
1 o -
Z 5)\ijk ViL€xrE;L + €Lexr VL +
ik
exrPipe — (i —’J)} +

)\i’jk |:l;iLJdejL + CZJ‘LJkRViL + CZ;RDiCRdjL -

~ 7 ~ 7 J* =c
eiLdkRujL - udekReiL - dkReiRujL:| +

1 ” ) 7 i
5 AikCapy | Uiardipr iyt T djgr Uiar diy1,

2
Jiyaﬂimdjcm] }a (8)

where L and Q are the SU (2)-doublet lepton and
quark superfields and EC, Uc and D¢ are the singlet
superfields, while i, j, k are generation indices and c
denotes a charge conjugate field.

The A and X couplings in Eq. (7) break lepton
number and the A\’ couplings break baryon number
conservations. There are 27 N-type couplings, 9 A
and 9 A\ couplings. Apjk is antisymmetric with re-
spect to the first two indices, and Afj;, is antisym-
metric with j and k. The non-observation of proton
decay imposes very stringent conditions on the simul-
taneous presence of both the baryon-number and the
lepton-number violating terms in the Lagrangian™.
It is therefore customary to assume the existence of
either L-violating couplings or B-violating couplings,
but not both.

3 B — ¢pKg decay

In the SM, the effective Hamiltonian responsible
for b— § transitions is found to be!*?

Gr
V2
VochZ((lei +CQQ§) -

10

VibVie (Z CiQi+CryQry + ngng)] +h.c., (9)

=3

Heg= |:VubV:s(Cl Qlf'i‘CQlel) +

where Vo, Ve (q = u,c,t) are CKM factors, C; are
the effective Wilson coefficients and @; the relevant
four-quark operations.

According to QCD factorization”, when the final-
state hadrons emitted from B-meson decay are both
light ones, the matrix element of each operator in the
effective Hamiltonian can be written as

1
(MM|Qu|B) = Y FE ™ | ol (@), () +
. 0
J

(M, < My) +L1 d{Ll del dyT" (&, 2,y) x

0

P5(E)Pur, ()P, (v), (10)

where FjBﬁM1 is the transition form factor, the ker-
nels T7
butions and can be calculated perturbatively, and
&5 (X = B, M, ;) are universal nonperturbative light
cone distribution amplitudes of the corresponding
mesons. Since the weak annihilation contributions
are suppressed by 1/m,, in the heavy quark limit, they
are not included in Eq. (10).

With the effective Hamiltonian Eq. (9) and the
QCD factorization formula Eq. (10), we can write out

the decay amplitude for a general two-body charmless

and T! denote the short-distance contri-
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B — M, M, decay as

A(B — M1M2

Z > ViVl x

puc@

() (M1 M,|Q;|B)r, (11)

where (M;M,|Q;|B)r is the factorized matrix ele-
ment, the general form of the effective coefficients
of (M, M) (i = 1,---

(7]

,10) at next-leading order is
given as
Ci:l:l
N

Cix1 Cray %

p — .
of (M, M) = (Cz—‘l_ N an

)Ni(Mg)—i—

c

|:‘/1(M2) + %Hl(MlMQ)] +PP (M),

(12) |
GF i p
bl(MlMQ) = ClA17 b3(M1M2):
GF i p
bo (M My) = NZCQAD b5 pw (M1 M2) =
P GF i i P
b2 (M, M,) = e CiAi+CsAy|, ) pw (M M) =

where the explicit expressions for the basic building
blocks A}’ can be found in Ref. [7].

In the SM, the amplitude of By — ¢Kg decay can
be written as

G
Ajpés = Z5hse 2 Vol [a§+ai—

p=u,c

1 1 1
§a§,EW - §QZ,EW +/6§ - Eﬂng:| » (15)

where
AKSd’ = 2f¢m¢FBK(m(2b)E* ‘DB - (16)

The branching ratio of B4 — ¢Kg decay in the B
meson rest frame can be written as

TBPe 2
B, = gz [ABa = $Ks) (17)
where
VI =il 0, P = (i, = s )
c 2MB )
(18)

denotes the center of mass momentum of the meson
¢ or Kg in the B4 rest frame.

For By — ¢Kg decay, the time-dependent C'P
asymmetry is
rB°(t) —
r(BO(t) —

$Ks) ~ T(B(1) = §Ks) _
$Ks) + T(B(1) = GKs)

A‘bKS COS(AMBdt) + S‘bKS Sin(AMBd t) s (19)

Aprs =

where the upper (lower) signs “+” apply when i is
odd (even), the quantities V;(M;) account for one-
loop vertex corrections, H;(M, M) for hard specta-
tor interactions, and PF(M;) for penguin contrac-
tions. The explicit expressions for these functions an
be found in Ref. [7].

We also consider weak annihilation contributions,
which can be expressed as

Aann(B — MlMg) X

Z > Nofofan fanbi (M M), (13)
p we i
where fz and fj, are the decay constants of the ini-
tial B and the final-state mesons, respectively, and
the parameters b;(M,; M) are defined as

G [CgAil +C5(AQ+A§)+N006A§} |

Gr

e [CQA' +C(AL+ AL+ N, CsAQ} (14)

Gr [CloA‘ +CSA‘2},

| where the direct and indirect C P asymmetry param-

eters are given respectively by

|A¢K | -1 2Im[)\¢K ]
Apgy = o =———5- 20
v e R v e R
The parameter Ak is defined as
q\ (p\ A(PK°)
AoKe = = -] ——= 21
bies = Horcs (p)B(Q)KA(chO)’ &0

where n4xg = —1 is the C'P ecigenvalue of the ¢pKg
state, and

() v (),
r)s VoV’ q)x

According to Eq. (8), the terms proportional to

VesVea
ViVea

(22)

A are not relevant to our present discussion and will
not be considered further. The antisymmetry of the
B-violating couplings, Ajj;;, in the last two indices,
implies that there are no operators that can generate
the b — §s§ transition, and hence can not contribute
to Bq — ¢Ksg, at least at the tree level.

For the b — §s§ transition, the revelant La-
grangian ist®

Algo A5 Al5a Al
Lo = 2220092 g sy by D200 g o b (23)
ml’z v
1F s
where y.r = @
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The RPV contribution can be written as

ey = (X, +X5) Axg s

dKs

S »
and we write

X, 4 X, — %ew, (25)

where ¢ is the weak phase in R-parity violating cou-
plings and M is some mass scale with M ~ m;, for
the RPV contribution. According to Ref. [13], we
take | X|~1.8x107* for M =100 GeV.

We obtain the total decay amplitude

A=A+ Apky - (26)

Obviously, the total decay amplitude is only de-
pendent on the parameter ¢. To obtain the allowed
parameter space, we allow the measured value of
Br(Bq — ¢Ks) to vary by 20 from its central value;
this 20 band contains both experimental and theore-
tical errors, and the main source of theoretical error
is the form factor Fpkx. We plot the branching ra-
tio BrSMTRPV(B, — ¢pKg) versus the weak phase ¢ in
Fig. 1. We obtain

128° < ¢ < 145°,  246° < ¢ < 263° . (27)

35
30

Br(By—¢Ks)

0 50 100 150 200 250
/()

300 350

SM+RPV (

Fig. 1. The branching ratio Br B4 —

¢Ks) in units of 10~° versus the weak phase
¢. The horizontal dashed lines are the cur-

rent world average value Br = (8.3713)x107¢

within 20", The solid curve is the branching

ratio of B4 — ¢Kg decay.

If we take the value of the parameter ¢ from these
regions, the branching ratio of By — ¢$Kg decay is
consistent with the current experimental data.

Meanwhile, we also allow the measured value of
Sexg to vary by 20 from its central value and plot
the time dependent C'P asymmetry Syk, versus the
weak phase ¢ in Fig. 2. We obtain

0° < p<50°, 166°<¢<268°. (28)

Within these parameter spaces, the time depen-
dent C'P asymmetry Syk, matches up to the current
experimental data.

Simultaneously considering the constraints on the
weak phase ¢ from the branching ratio and time de-
pendent C'P asymmetry Syx, of Bq — ¢pKg decay, we
obtain

246° < ¢ < 263° . (29)

Within this parameter space, the time dependent
CP asymmetry Syk, anomaly can be explained; at
the same time, the branching ratio of By — ¢Kg de-
cay can also be in agreement with the experimental
measurements.

We also examine the direct CP asymmetry Agkg
in order to feel for the effects of NP on C'P violation.
According to the obtained constraints on the weak
phase ¢, we obtain

—0.39 < Ak, <—0.29, (30)

which is zero in the SM. At present, there are large
theoretical uncertainties in calculating strong phases.

1.00 F
075 fF—e — — — —pA— — —
0.50
025

S‘DKS

025
—0.50
075
0 50 100 150 200 250 300 350

¢/)

Fig. 2. The time dependent C'P asymmetry
Sekg versus ¢. The current experiment ranges
of Spkg at the 20 level are shown by the hori-
zontal dashed lines. The solid curve is S¢kg-

4 Conclusions

The time dependent C'P asymmetry Syk, has
long been inconsistent with SM expectations; this
anomaly represents a challenge for theoretical inter-
pretation. We have employed the QCD factorization
approach to present a study of the RPV SUSY effects
on this anomaly. Setting the RPV product couplings,
we find that both the time dependent C'P asymme-
try Spks and the branching ratio of B4 — ¢pKg decay
are compatible with the experimental results within
certain parameter spaces, which are 246° < ¢ < 263°.
We also show the effects of RPV SUSY on the direct
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CP asymmetry Ayks. Our analysis has shown that
RPV SUSY plays an important role in resolving the
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