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Supersymmetric R parity violation and CP asymmetry in semileptonic 7 decays
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We analyze the CP violation in the semileptonic |AS| = 1 7 decays in supersymmetric extensions of
the standard model with R parity violating term. We show that the CP asymmetry of 7 decay is enhanced
significantly and the current experimental limits obtained by CLEO collaborations can be easily
accommodated. We argue that observing CP violation in semileptonic 7 decay would be a clear evidence
for R parity violating supersymmetry extension of the standard model.
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I. INTRODUCTION

CP violation is one of the main open questions in high
energy physics. In the standard model (SM), all CP violat-
ing observables should be explained by one complex phase
Ockm in the Cabibbo-Kobayashi-Maskawa (CKM)quark
mixing matrix. The effect of this phase was first observed
in the kaon system and recently confirmed in B decays. The
quark-lepton symmetry suggests that the lepton mixing
matrix should also violate CP invariance. However, the
situation in the lepton sector is very different. The only
evidence for flavor violation in this sector comes from the
neutrino oscillations and there is, so far, no confirmation
for CP violation in leptonic decays. Hence, measuring CP
asymmetry in 7 decays will open a new window for study-
ing CP violation.

In recent papers [1,2], it has been pointed out that 7+ —
K; g7m* v decays exhibit a CP asymmetry of the same size
as the one measured in the charge asymmetry of semi-
leptonic K; decays. This large CP asymmetry is induced
by the CP violation in K — K, mixing. But within the
SM, the direct CP asymmetry rate of 7= — K~ 7%v is of
order O(10712) [3]. This nearly vanishing asymmetry im-
plies that the observation of any CP asymmetry in this 7
decay channel would be a clear signal for the presence of
CP violation beyond the SM.

Supersymmetry (SUSY) is one of the most interesting
candidates for physics beyond the SM. Supersymmetry
provides a new source of CP violation through complex
couplings in the soft SUSY breaking terms. The CP asym-
metry in the decay mode 7= — K~ 7%, in minimal super-
symmetric extension of the SM with R parity conservation,
has been computed in Ref. [4]. It was shown that the SUSY
contributions can enhance the CP asymmetry rate in 7
decay by many orders of magnitude. However, the typical
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value is of order O(10~7) which is still much smaller than
the current experimental bound.

The aim of this paper is to show that a significant
enhancement for the CP asymmetry of 75 — K*7'v
can be obtained in SUSY models with R parity violating
terms. It turns out that the R parity violating terms (in
particular, the Lepton number violating ones) induce a
tree-level contribution to 7 decay. This contribution is
proportional to the R parity couplings A and A’, which in
general are complex. We find that this new source of CP
violation enhances the asymmetry of 7 decay. We impose
new constraints on the couplings A and A’ from the experi-
mental limits, obtained by CLEO collaborations [5—8].

The paper is organized as follows. In Sec. II, some
general features on 7 semileptonic decays are recalled.
Section III is devoted for analyzing the CP asymmetry of
75 — K= 7%vin SUSY models with R parity violation. We
derive the corresponding effective Hamiltonian and show
the terms that violate R parity may give significant con-
tribution to the CP asymmetry in 7 decay. Finally, we give
our conclusions in Sec. IV.

II. CP ASYMMETRY OF 7 SEMILEPTONIC DECAY
IN MSSM

In this section we analyze the CP asymmetry of 7 semi-
leptonic decay modes within the minimal supersymmetric
standard model (MSSM); we will focus on the decay mode
7> — K=7%v. The general amplitude for 77 (p) —
K~ (k)ym°(k")v,(p') is given by

2 = Ce a1 = v up)Fulo] ),

V2
A2 A2
=5 |+ ysutpm AP0

+ F(K 5o ,oul0)a(p!) o (1 + mu(p)},

where ¢ = k + k' (t = ¢?) is the momentum transfer to the

hadronic system, and A?> = m% — m3, and Fy g () are the
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effective form factors describing the hadronic matrix ele-
ments. In SM, Fr =0, A =1

D IMP ~|FyP2p.0p'.Q = p.p'Q?)

pols
+ APIFg ()P M?p.p’
+ 2ReA - Re(FgFy)Mm, p'.Q
= 2ImA - Im(FgFy)Mm_p'.Q,

where Q,, = (k — k'), — ATZqM.

The last two terms disappear once we integrate on the
kinematical variable u unless the form factor has a u
dependence. The form factors Fy s(r) can receive weak
phase through higher order contributions. Hence, it is
possible to generate a CP asymmetry in total decay rates
but within SM this CP asymmetry is nearly vanishing [3].

The CP asymmetry is defined as

Tt =K "7°,) - T(r~ = K 7»,)
Mzt —=K"7%%,)+I'(+— = K 7',)

Acp

The effective Hamiltonian H.; derived from SUSY
superpotential with R parity symmetry conserved can be
expressed as [4]

G
Her =75 Vs D Cilm) Qi) (1

where C; are the Wilson coefficients and Q; are the rele-
vant local operators at low energy scale w = m,. The
operators are given by

0, = (py*L7)(5y,Lu), 2
Q> = (7y,L7)(5y, Ru), 3)
0; = (7R7)(5Lu), (4)

Q. = (PR7)(5Ru), 3)

0s = (v0,,RT)(So*"Ru), (6)

where L, R are defined as L, R =1 + 5, and o*” = %

[v#, v*]. The SUSY contributions to the Wilson coeffi-
cients C; can be found in Ref. [4]. For dominant C5 and/or
C4, one finds that the decay amplitude is given by

GFJ;” 1+ c»{vaﬂﬁ(p')y,LLu(p)

C3+C4 t
+|m, +
|: <1+Cl>ms_mui|

X fsﬁ(p’)Ru(p)}-

A (r— Kzwy) =
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Using the CLEO limit, we can translate this bound into
_l’_
—0.010 = Im GHG = 0.004,
1+ C,

where we have used m, — m, = 100 MeV, and the aver-
age value (f) = (1332.8 MeV)?. However, for M; = 100
and M, = 200 GeV and u = M; = 400 GeV and tan3 =

20, one gets

C;+C
Im (ﬁ) ~ 1.3 X 107 Im(8, )z,
It is worth noting that the mass insertions (84,)g; are
constrained by the AM and €y as follows:

1(84))ge] = 4% 1073, (7)

Therefore, the resultant CP asymmetry of 7 — K7v is
smaller than the current experimental limit by a few orders
of magnitude.

III. 7 DECAY CPASYMMETRY IN SUSY WITHOUT
R PARITY

In this section we study the effect of including terms that
violate lepton and baryon number on the tau decay CP
asymmetry. The gauge invariance does not insure the con-
servations of both baryon number and lepton number.
Therefore, we can allow the SUSY superpotential to have
the R parity violating terms. It is important to mention that
R parity violation can be motivated by some controversial
experimental observations, like events with missing energy
and a hadron jet in the H1 experiment at HERA [9]. Recall
that the most general superpotential that violates the R
parity symmetry can be written as [10]

Wiy = 3AiuLiL;Ex + A LiQ;Dy + 5A7,U:D;Dy

+ k;L;H,, )]

where a summation over the generation indices i, j = 1, 2,
3 and over gauge indices is understood. The A;j is an
antisymmetric in {i, j} because of the contraction of
SU(2) indices. Hence, A;j are nonvanishing only for i <
J- The A, is an antisymmetric in {j, k}. Therefore j # kin
U;D;D; and so we can write the superpotential Wy, as
WRP = AijkLiLjEk + /\;JkLleD_k + /\:Ijkl_]lD_jD_k
+ Kl'Lin. (9)

To insure that the proton is stable, we require only the
conservation of the baryon number. Thus, we forbid the
term A, U;D;D;. Expanding the Wy, term into the
Yukawa couplings yields
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— (e )T+ N jk[mﬁ;d{ + il dhvi
+ (di) (P d}, — &y dyuy — wydye}
- (&g)*(eg)mi} + He, (10)
where tilde denotes the scalar fermion superpartners. The
leading diagrams for 7 — kv are illustrated in Fig. 1.

The corresponding effective Hamiltonian H.g, derived
from SUSY R parity violating terms, can be expressed as

G
Har =75 Vis Y Cilm)Qiw), (1)

where C; are the Wilson coefficients and Q; are the rele-
vant local operators at low energy scale w =~ m,. These
operators are given by

Ql = (ﬁVMLT)(EV,uL”), (12)
0, = (PR7)(SLu), (13)
Qs = (L7)(5Lu). (14)

The Wilson coefficients C;, at the electroweak scale, can
be expressed as C; = CSM + CSUSY, For i =2, 3 CSM
vanish identically. In this respect, the Wilson coefficients
C,; are given by

c =1 (15)

1
l”;l2

oN ﬁ(

B GFVus
+ A§23)‘1212 + /\;13)‘,112 + /\#3(13/\/112)’ (16)

>(ATZ3A£12 + )\T33A/312 + )‘;33)\{;12

u S

FIG. 1. R parity violation SUSY contributions to 7~ — iisv,
transition.
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C = —
: GFvus

ﬁ)(/\mk + A3 (A1) (81 (17)

The couplings A, and A] i are generally complex num-
bers. At a value for s = 500 GeV, the upper bounds on
these couplings are given as follows [11-13]:

(A3l = 1A = 0.3, |A133] = 0.008,
[A123] = 0.25, |A51,] = 0.3, [AS,] = 0.6, (18)
[Af .l = 0.1, A3l | < 2.425 X 1072,

As can be seen from Eq. (17), C5 is proportional to the
mass insertions (8% ), which are typically small.
Therefore, C; can be neglected comparing C; and C,.
The decay amplitude for the decay 7 (p)—
K~ (k)y7°(k")v(p’) including SM and SUSY contributions
becomes

_Gr - _ s
M = EVMS{<K7T|S’)/MM|O>V’)/MLT + C{(Kw|5ul0)pR7}
(19)

using
and
(Krl5ul0y = —— fo(0). @1
mS mu

The amplitude can be written as

Ay(r— Kv) =%{fv(t)Q“17(p’)mLT(p)

V2

" [mT + Czﬁ}fs(f)ﬂ(P’)RT(P)}-

(22)

This expression should be compared with the decay
amplitude given in Eq. (2) of Ref. [8]:

A(r™ — Kav,) ~ a(p')y,Lu(p)fyO*
+ Au(p")Ru(p)fsM,  (23)

where M = 1 GeV is a normalization mass scale. Thus,
one finds the relation

AM=m, + Cy—" (24)
mS - mu
The first term in the last equation is the usual contribution
of the SM, which is real, and the second term arises from
the SUSY contributions.
Using the bound obtained by the CLEO Collaboration,
—0.172 <Im(A) < 0.067 at 90% C.L. [7], we can trans-
late this bound into

— 0.010 <ImC, < 0.004, (25)
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where we have used again as before, m, — m, =
100 MeV, and the average value (f) = (1332.8 MeV)?.
After substitution, we can write

V2 /1 \
o <ﬁ> Im[Z(A,. j3/\;.12)} < 0.004.
us I
(26)

where i,j=1,..3. For Gp = 1.166 X 1073 GeV, m =
500 GeV, and V, = 0.22, one obtains the following
bound:

—0.010 <

—4.53468 X 1073 <Im (Aj3A),)

L]

< 1.81387 X 1073. 27

Thus, with an imaginary part of complex Yukawa cou-
plings A;;3 and/or )\;12 of order 102, which are consistent

with the limits given in Eq. (18), one can easily satisfy the
CLEO constraint on this CP asymmetry. This result is an
intrinsic feature for R parity SUSY contribution to the CP
asymmetry of 7 — K7rv. Itis important to stress that this is
the only model, to our knowledge, that enhances CP
asymmetry of 7 decay significantly and puts this CP
asymmetry on the edge of CLEO limits. Therefore, any
observation of a CP asymmetry in CLEO would be clear
evidence of an R parity violating SUSY extension of the
SM.
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IV. CONCLUSION

We have studied the supersymmetric contributions to the
CP asymmetry of 7 — kv decay. We emphasized that CP
asymmetry in this decay is nearly vanishing within the SM.
Therefore, any nonvanishing CP asymmetry in this decay
channel will be clear evidence for physics beyond the SM.
We have shown how physics beyond the standard model as
supersymmetric extensions of the SM could induce CP
violating asymmetry in the double differential distribution
as the CLEO Collaboration did. We find that the CP
asymmetry is enhanced by several orders of magnitude
more than the SM expectations in case of supersymmetry
with conserved R parity. However, the resulting asymmetry
is still well below the current experimental limits obtained
by CLEO collaborations [4]. Within R parity violation
SUSY models, we found that the CP asymmetry of 7 decay
is enhanced significantly and could put this CP asymmetry
within the range of 7 decay experiments.
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