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Abstract We examine the effects of an unparticle U as a possible source of missing energy in the p-wave

decays of a B meson. The dependence of the differential branching ratio on the Kg (K1) — meson’s energy is

discussed in the presence of scalar and vector unparticle operators and significant deviation from the standard

model value is found after addition of these operators. Finally, we have shown the dependence of the branching

ratio for the above-mentioned decays on the parameters of unparticle stuff like effective couplings, cutoff scale

Ay and the scale dimensions dy.
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1 Introduction

Flavor changing neutral current (FCNC) pro-
cesses induced by b — s transitions are not allowed
at tree level in the Standard Model (SM), but are
generated at loop level and are further suppressed by
the CKM factors. Therefore, these decays are very
sensitive to the physics beyond the SM via the in-
fluence of new particles in the loop. Though the
branching ratios of FCNC decays are small in the SM,
quite interesting results are obtained from the experi-
ments both for the inclusive B — Xsﬁl*m and exclu-
sive decay modes B — KI*1-% % and B — K*1t1-
These results are in good agreement with theoretical
estimates!®®.

Among different semileptonic decays induced by
b — s transitions, b — svv decays are of
particular interest, because of absence of a pho-
tonic penguin contribution and hadronic long dis-
tance effects gives much smaller theoretical uncer-
tainties. But experimentally, it is too difficult to
measure the inclusive decay modes B — X, vV as
one has to sum over all the X;’s. Therefore, ex-
clusive B — K(K*)vv decays play a peculiar role
both from the experimental and theoretical points
of view. The theoretical estimates of the branch-
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ing ratio of these decays are Br(B—Kvv~107°)
and Br (B — K*vv ~ 109 whereas the experimen-
tal bounds given by the B-factories, BELLE and
BaBar, on these decays are!'® !

Br(B—Kvv) <1.4x1075, "
Br(B—K*vv) <1.4x10%.

These processes, based on b — svv, are very sen-
sitive to new physics and have been studied exten-
sively in the literature in the context of large ex-

12, 13
131 Any new

tra dimension model and Z’ models!
physics model which can provide a relatively light new
source of missing energy (which is attributed to neu-
trinos in the SM) can potentially enhance the ob-
served rates of B — K(K*)+4 missing energy. Re-
cently, H. Georgi proposed one such model of un-
particles, which is one of the tantalizing issues these
days!". The main idea of Georgi’s model is that at
a very high energy our theory contains the fields of
the standard model and the fields of a theory with
a nontrivial infrared fixed point, which he called BZ
(Banks-Zaks) fields"”. The interaction among the
two sets is through the exchange of particles with a
large mass scale M. The coupling between the SM
fields and BZ fields are nonrenormalizable below this
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scale and are suppressed by the powers of M;,. The
renormalizable couplings of the BZ fields then pro-
duce dimensional transmutation and the scale invari-
ant unparticle emerges below an energy scale Ay. In
the effective theory below the scale A;, the BZ opera-
tors match unparticle operators, and the renormal-
izable interaction matched a new set of interactions
between the standard model and the unparticle fields.
The outcome of this model is the collection of unpar-
ticle stuff with scale dimension d,, which is just like
a non-integral number of invisible massless particles,
whose production might be detectable in missing en-
ergy and momentum distributions™®.

This idea has promoted a lot of interest in unpar-
ticle physics and its signatures have been discussed
at colliders!® 2"
Flavor Violation?? unparticle physics effects in B,
mixing®, and also in cosmology and astrophysics**.
Aliev et al. have studied B — K (K*) 4 missing energy
in unparticle physics®. They studied the effects of
an unparticle U as a possible source of missing energy
in these decays. They found the dependence of the
differential branching ratio on the K(K*) -meson’s
energy in the presence of scalar and vector unparti-
cle operators and then, using the upper bounds on
these decays, they put stringent constraints on the

, in low energy physics®*", Lepton

parameters of the unparticle stuff.

The studies are even more complete if similar
studies for the p-wave decays of a B meson such
as B — K;(1430) + F (F is missing energy) and
B — K, (1270) + F, where K3 (1430) and K, (1270)
are the pseudoscalar and axial vector mesons respec-
tively, are carried out. In this paper, we have studied
these p-wave decays of B mesons in unparticle physics
using the framework of Aliev et al.*® We have con-
sidered the decay B — K3 (K;)vV in the SM although
for these modes no signals have been observed so far,
but in future B-factories where enough data are ex-
pected, these decays will be observed. These Super
B-factories will measure these processes by analyz-
ing the spectra of the final state hadrons. In doing
this measurement a cut at high momentum on the
hadron is imposed, in order to suppress the back-
ground. Therefore, the unparticle would give us a
unique distribution of the high energy hadrons in the
final state, such that in future B-factories one will be
able to distinguish the presence of an unparticle by
observing the spectrum of the final state hadrons in
B— (K, K*, K, K;)+p

This work is organized as follows. In section 2,
after giving the expression for the effective Hamil-
tonian for the decay b — svv, we define the scalar

and vector unparticle physics operators for b — si/.
Then using these expressions we calculate the various
contributions to the decay rates of B — K3 (K,) + £
both from the SM and unparticle theory in Section
3. Recently, Grinstein et al. made comments on the
unparticle®® mentioning that Mack’s unitarity con-
straint lowers the bounds on CFT operator dimen-
sions, e.g dy; > 3 for primary, gauge invariant, vector
unparticle operators. To account for this they have
corrected the results in the literature, and modified
the propagator of vector and tensor unparticles. We
will also give the expressions for the decay rate using
these modified vector operators in the same section.
Finally, section 4 contains our numerical results and
conclusions.

in the SM
and unparticle operators

2 Effective Hamiltonian

The flavor changing neutral current b — svv is
of particular interest both from the theoretical and
experimental point of view. One of the main reasons
of interest is the absence of long distance contribu-
tions related to four-quark operators in the effective
Hamiltonian. In this respect, the transition to the
neutrino represents a clean process even in compari-
son with b — sv decay, where long-distance contribu-
tions, though small, are expected to be present 7.
In the Standard Model these processes are governed
by the effective Hamiltonian

%%mv;cmgw (1 =) by, (1 =75) v,
(2)
where V;, V¥ are the elements of the Cabbibo-
Kobayashi Maskawa Matrix and C,q is obtained from
the Z° penguin and box diagrams where the dominant
contribution corresponds to a top quark intermediate
state and it is

Hcff =

_ D ()
107 gin? 0,

(3)

f,, is the Weinberg angle and D (z.) is the usual
Inami-Lim function, given by

Ty [ 2 +2
8 |z —1

3r,—6
(z.—1)

D(w) = s}, (@)
with z, =m2/mZ.

The unparticle transition at the quark level can
be described by b — sl{, where one can consider the
following operators.

1) Scalar unparticle operator

1 1
Cswg’yubau Ou+CpATMg’7M’Y5baH Ou . (5)

u u
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2) Vector unparticle operator

Cy—— T s%bOu +Cy— Ve

U Uu

S’Y;f)/obO (6)

The propagator for the scalar unparticle field can

. 14, 1 1
be written as** 1617

Jd4xeip'” (0|TOy (7) Oy (0)]0) =

Aq

i2sin(§u7r) (=Pt @
with
B 167%/2 I'(d,+1/2) (8)
fu (27’[)2d“ F(du _1)F(2du)

3 Differential decay widths

In the Standard Model the decay B — K (K,)+F
is described by the decay B — K (K;)vv. At quark
level this process is governed by the effective Hamil-
tonian defined in Eq. (2) which when sandwiched be-
tween B and Kj (K,) involves the hadronic matrix el-
ements for the exclusive decay B — K3 (K;)vv. They
can be parameterized by the form factors and the

non-vanishing matrix elements for B — K*[27

(Ks (0) [57u75b] B (p)) =
S @ o), @] )
(p+p'),. Using the above definition and
taking into account the three species of neutrinos in

the Standard Model, the differential decay width as
a function of K} energy (EKS) can be written as*":

dFSM G2 2
dExk; T oar T M3

where ¢, =

5 [V Viil* [Crol* 2 (¢°) x

\/)\3 (Mé,MI%é,(f) (10)

with A(a,b,c) = a® + b* + ¢* — 2ab — 2bc — 2ca and
¢* = ME+Mg.—2MgEx; . Here f (¢*) and f_ (¢*) are
the form factors which are non-perturbative quanti-
ties and can be calculated using some models. The
model used here was calculated by using the Light
Front Quark Model (LFQR) by Cheng et al.?™ and
can be parameterized as:

F(0)
1—ag?/Mg+b(q*/M3)’

The fitted parameters are given in Table 1.

F(¢*)=

Table 1. Parameters for the B — K form factors.
F(0) a b
f+ —0.26 1.36 0.86
I 0.21 1.26 0.93

Similarly, for the B — K, transition the matrix

elements can be parameterized as/*®

(K1 (k.e) [V B(p)) =i}, (M + My, ) Vi(g*)—

Va(q?)

k *g)—22 )
(p+ )H (E q) MB+MK1

2 My,

[Va(q®) — Vo(q?)], (11)

2ie €pvap
A kP A 12
TR R A, (12

where V, = 5v,b and A, = 57y,7sb are the vector and

. (e-q)

(Ky(k,e)|Au| B(p)) =

axial vector currents respectively and €, is the polari-
zation vector for the final state axial vector meson. In
this case we have used the form factors that were cal-
culated by Paracha et al.®® and the corresponding

expressions are:

A(s) = (1—3/M?)((01)—3/M]/32),
Vi(0) X
 (=sz)) (1—a/mz)
(1 M2 ME@)’
B V2(0) _
Va(s) = (1—5/M22) (1—5/M{322)
MEA—%W (1—s/M‘§))((2)—s/M§) (12

with
A(0) = —(0.52+0.05),
V1(0) = —(0.24+0.02), (14)
V2(0) = —(0.39+£0.03).

The differential decay rate can be calculated as®”:

dFSM Gz

Vi Vi |2 |Cro | A2 [ Msn|®  (15)

dBx,  2mM3
where
8¢°\|A 1 Va ()
|M IVI| q | ( )| B |:)\2 | 2(q )| 2+
(MB+MK1) MK1 (MB+MK1)
(Mg +My,)* (A +12M2 ¢) Vi ()] -
A (Mg — Mg, —¢*)Re(Vi' (¢°) Va (¢°) +
Vi () (16)
and A = A(M3,MZ ,¢*) with ¢* = M2+ M2 —
9 My Ex,

Now in the decay mode B — K;; (K, )+F, the miss-
ing energy ¥ can also be attributed to the unparti-
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cle and hence the unparticle can also contribute to
these decay modes. Therefore, the signature of the
two decay modes B — K3 (K;)vv and B — K3 (K, )U
should be similar to that for B — K(K*)vv and
B — K (K*)U given in Ref. [25].

3.1 The scalar unparticle operator

Using the scalar unparticle operator defined in
Eq. (5) the matrix element for B — KU can be writ-

ten as
1 o
K = i Vo () 187, (Cs +Cpy5) b| B (p)) 9" Ou =

ﬁcp [f+ () (Mé - Mf&;;) +/-(¢*)¢*]Ou .

(17)
Now the decay rate for B — K{if can be evaluated to
be:
drsv 1 2
=—— /B2 — M2 | M 18
dEK(’; 87[2mB K§ K§ M } ) ( )
where

) A, dy—2
| M| :|Cp|2Az—dZ;(M§+M26—2MBEK3) x

1) (212 -z;) +
f-(a*) (M]§+M26_2MBEK(’S):|2- (19)

Following the same lines, the corresponding matrix
element for B — K, U is

1
MG = i B () 157 (Cs +Co) b B () 8" Ou =

1
Ndu
(Mg — My, )V2 (¢*) —

Cs(e"-q) [(MB‘FMKl)Vl (¢°)—

2y, (V, <q2>—vo<q2>>]ou, (20)

and the differential decay rate is

Ars My Ay,
dEx, 2m® A%

3/2
Cs|* Vo (¢*)|” (BE, — M2,)™" x

(MZ+M2, —2MgEy, )™ . (21)

One can see from Eq. (18) and Eq. (21) that the
scalar unparticle contribution to the decay rate de-
pends on Cp, Cg, dyy and Ay. Therefore one can see
the behavior of the decay rates for the said decays
on these parameters, for which we hope to get con-
straints once experimental data for these decays be-
come available. This we will do in a separate section.

3.2 The vector unparticle operator

The matrix element for B — K U using the vector
unparticle operator defined in Eq. (6) and the def-
inition of the form factors given in Eq. (9) can be
calculated as:

1
Adu—1
;CAM (@*) (p+p"),+f-(¢*) 4.0 -

Adu—1
(22)

My = (K5 (') 57 (Cv +Cans) b| B (p)) Oy =

The differential decay rate is then

darvu 1 Ag

_ u 2 2\2
dEKS - 87[2mB A2du72 |CA| |f+(q )| X

dy—2
(Mg + M2, — 2MBEK3) JEE. — M2, x

{— (ME+ M2 +2M Bry ) +

(2 - ;) )} (23)

(M3 + M2, —2M B
For B — K, case the matrix element for B — K Uf is

1
M =

= a1 () [57 (Cv +Cans) B B (p)) O =

Cv ..
|:Ad1:]1 (1&‘“ (MB +MK1)‘/1 (q2) -

Vs (q?)

i(p+P')M(5*'Q)m—
1

ig, (¢ -q) ”j (Vi (¢®) — Vo () +

CA 2A(q2)
Adu—1 MB+MK1

Gwaﬁg”*p“p'ﬁ> ] Ol (24)
and the differential decay rate will be:

drvu 1 A )

T, ~ Sy TV B — M, ()"

Ag®)
(Mg + M, ) "

[8 Cal? M2 (F2, — M)

1
|CV|2 X
M, (Mg+Mx,)* ¢

(Mt M) (BME, +2MEME, -

6MpMZ, Ex, + MAEZ ) |[Vi (¢*)|" +
2MA (BZ — M2)) |Va (¢*)+ 4 (Mpt+ My, )* x
(Mg Ex, — M, ) (Mg, — E%,) x

M Vs )| | (25)
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The total decay width can be obtained if we inte-
grate over the energy of the final state meson in the
range Myxxk,) < Fxx,) < (M§+MI%(K1)) /2Myg for
B—K(K))+E.

Recently, Grinstein et al. have made a comment
on the unparticle®®® in which they mentions that
Mack’s unitarity constraint lower the bounds on the
CFT operator dimensions, e.g. dy > 3 for primary,
gauge invariant, vector unparticle operators. To ac-
count for this they have corrected the results in the
literature, and modified the propagator of vector and
tensor unparticles. The modified vector propagator
is

jdx (01T (0% () 0% ()] 0) =
Agy (—g™ +aP P /PP (P (26)

Here P is the momentum of the unparticle, Ag, is
defined in Eq. (8) and a#1 (in contrast to the value
a =1 which was considered by Georgi[M]) but is de-
fined as:

. 2(dy—2)

TR .

By incorporating this factor a in the vector unparti-
cle operator Eqs. (23) and (25) are modified and the

Mul® = 8lCal? M3 (B2 —M2) — 2@
! V(Mg + My,)
1

M2, (Mg+My,)* ¢

(Mas|” =[Oy

(22, - MEER,) ) W () |

1
[Mss]* = |Cy|?
” M2, (M + My, )’ ¢? |
1
(M) = |Cy|?
44 A% MIZQ (MB+MK1>2q2 |
1
[Mos|* = [Cy[”
M2, (Mg +My,)* ¢

modified result of the decay rate for B — KU/ is

arve 1 A,
dEK(’; - 87'[2m]3 A2du72

dy —2
(M]§+M26 —2MBEK3) JER M2, x

[|f+ (")’ (— (ME+ME, +2Mp By )+

Cal* | £+ ()] x

2
a (Mg - Mf;z)

(M§+M26 —2MBEK3))+
7= (@) (a=1) (Mg + M, ~2MaFics ) +
2a=1)(F () - ) (213 -2, |

(28)

Similarly, for B — KU the result becomes
drvv 1 Ay dy—2
B~ Sy a7V B~ M, (@)™ %

{|M11|2+ |M22|2+ |./\/133|2+ |M44|2—|—

|M23|2+|M24|2+|M34|2} (29)

with

(Mt M) (302, (M3 + M2, ~2MuBi,) -

[ 2 2
M3 (EZ, — M) (a (Mg —Mg )"+ (2MpEx,)* — (M3 +Mg,)") |Va (q2)l2] :
AMZ (Mg + My, )? (EZ, — MZ)) (a—1) M2, Vs (¢*)—Vq (qQ)Iﬂ ;

M3 (Mg + My, )* (B, — Mg,) (Mg + Mg, —2MpEy, —

a(ME—MZ)) (Vi(a®) Vs (a®)+Va(d®) Vi (6*) |,

1

Mo = |Cy|?
Mg, (Mg + My, )? @2

W (vg—v(m(vg—vo)v:)}

1

(Mial” = [Cv]”
34 v MI%I (MB+MK1)2Q2

(Mg — Mg ) Mg (EBy, —Mg,) (a—1) (Vo (Va=Vo)" + (Vs — Vo) Vi) |-

{2MK1 (Mg + My, ) x

[2MK1 (Mg +Mx,)* (1—a) M3 (B, —Mg))) %
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One can easily see that Egs. (28) and (29) reduce to
Eqgs. (23) and (25) respectively, if one sets a =1.

4 Results and discussion

In this section we present our numerical study for
B — K} (K, )+F where we try to distinguish unparticle
physics effects from those of the SM. In the Standard
Model ¥, which is the missing energy, is attributed
to the neutrinos whereas in the case under considera-
tion, this is attributed to the unparticle. Therefore
the total decay rate can be written as

r=rsiyr. (31)

Here I'™ is the Standard Model contribution
(B— K (K;)vv) whereas I'" comes from the un-
particle (B — K? (K;)U) according B — K (K,) +F.
In Ref. [25] it is pointed out that the SM process
B — K(K*)vv provides a unique energy distribu-
tion spectrum of final state hadrons and gives exper-
imental limits for the branching ratio of these pro-
cesses that are about an order of magnitude below
the respective SM expectation values. The authors
of Ref. [25] have used an experimental upper limit on
the branching ratio of the B — K (K*)vv decay to
estimate the constraints on the unparticle properties.
In the case of B — K (K,)vV there is no experi-
mental limit on the branching ratio of these decays,
but these will be expected to be measured at future
Super B-factories where they will analyze the spec-
tra of the final state hadron by imposing a cutoff
on the high momentum of the hadron to reduce the
background. To calculate the numerical value of the
branching ratio for B — K (K;)vVv in the SM we have
to integrate Egs. (10) and (15) over the energy of the
final state hadron. Thus, after the integration, the

values of the branching ratios in the SM are:

Br(B—Kivv)=1.12x1075,
(32)
Br(B—K;vv)=1.77x107°.

With these values at hand, we have plotted the dif-
ferential decay width for B — K (K;)+F as a func-
tion of the energy of the final state hadron Ex; (Ex,)
and by fixing the parameters of the unparticle from
Ref. [25] in Fig. 1. One can easily see from the fig-
ure that the signatures of the unparticle operators
are very distinctive from the SM ones when plotted
as a function of the final state hadron’s energy. Just
as in the case of B — K(K*) +# the distribution of
the unparticle contribution is quite different if a vec-
tor operator (a=1) for the high energetic final state
hadron is included. The issue of using other values

of a will be discussed separately. Thus the Super B-
factories will be able to clearly distinguish the pres-
ence of an unparticle by observing the spectrum of the
final state hadrons in B — K? (K,)+F in complement
to B>K(K*)+E.

“— 7 ~30F
S % S 251
< X 20} -
= 4 7 1.5}
M .
o 19 10}
< 2 <
) ;'g 0.5 -
TPl @ @ 0k . . .
1.6 1.8 2.0 22 24 26 28 14 18 22 26

Ex +/GeV Ey /GeV

Fig. 1.
K§ (K1) +F as a function of hadronic energy
Exy (Ex,) is plotted. The left panel is for
B — Ko+ and the right one is for B— Ki1+F.
The other parameters are dyy = 1.9, Ay = 1000
GeV, Cp =Cs=2x10"2 and Cy =Ca =107°.
Solid lines are for the SM, dashed lines for the
scalar operator and long-dashed lines are for
the vector operator.

The differential branching ratio for B —

In Fig. 2 and Fig. 3 we have shown the sensi-
tivity of the branching ratio on the scaling dimen-
sion dy, for different values of the cutoff scale A;; by
using the same values of Cg, Cp, Cyv and C, as in
Fig. 1. We can see from these figures that the branch-
ing ratio is very sensitive to the variable d;; and Ay,.
The constraints on the vector operator are stronger
than those on the scalar operators and the constraints
for B — K} +F are more suitable than those for the
B—K;+F decays.

o 6 |

AR 150 |
+S .0 125 |
*o X 100
M = 3R 75 L
22 50 |
2511\ 2s
QqE (O k 0

1.4 20 22 14 1516 1.7 1.8 1.9 2.0
dy
Fig. 2. The branching ratio for B— Kj+F as

a function of dy for various values of Ay. The
left panel is for the scalar operator and the
right one is for the vector operator. The val-
ues of the coupling constants are the same as
in Fig. 1. Solid lines correspond to Ay = 1000
GeV, dashed lines to Ay =2000 GeV and the
long-dashed lines to Ay = 5000 GeV. The hor-
izontal solid line represents the SM result.

After showing the dependence of the branching
ratio on d; and A we show in Fig. 4 the sensitivity
of the branching ratio of B— K3+ on the effective
coupling constants of the scalar and vector unpar-
ticle operators. One can see that “B — K¢+ scalar
unparticle operator” constrains the parameter Cp and
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t’_{f 0.2 \\ 1+
[ E 0

14151617 181920 1415 1.6 1.7 1.8 1.9 2.0
d, dy,

Fig. 3. The branching ratio for B — K; + F
as a function of dys for various values of Ay.
Left panel: scalar operator, right panel: vec-
tor operator. The values for the coupling con-
stants are the same as in Fig. 1. Solid line:
Ay = 1000 GeV, dashed line: Ay =2000 GeV,
long-dashed line: Ay = 5000 GeV. The hori-
zontal solid line is the SM result.

“B — K+ vector unparticle operator” constrains Cly.
Thus observing this decay we can get some useful
constraints on Cp and C, which provide us with
a signature of the unparticle physics. Similarly, we
have shown the dependence of the branching ratio of
B — K; 4+ £ on the effective coupling constants in
Fig. 5. It is seen that if we consider the scalar opera-
tor then the only dependence is on Cg, whereas if the
vector operators are considered then the decay rate
depends on both Cy and C,.

3.0
LS 25
%20
fa, 1.5
2% 39
5E 0 T o

0 5 10 15

G (x107%) Cx (x107)

Fig. 4. The branching ratio for B— K§+F as
a function of Cp (left panel) and Ca (right
panel). The cutoff scale has been taken to be
Ay = 1000 GeV. Solid lines are for dy = 1.5,
dashed lines are for dyy = 1.7 and long-dashed
lines are for dyy = 1.9. The horizontal solid line
is the SM result.

We have already mentioned that in a recent publi-
cation on the unparticle, Grinstein et al.*® reported
that Mack’s unitarity constraint lowers the bounds
on the CFT operator dimensions, e.g., dy, > 3 for pri-
mary, gauge invariant, vector unparticle operators.
To account for this they have corrected the results in
the literature, and modified the propagator of vector
and tensor unparticles. The modified expressions of
the decay rate for the processes under consideration
are given in Eq. (28) and Eq. (29). The results in-
corporating the modification in the vector unparticle
operator are shown in Fig. 6. There the fractional

error

(l dr ) _<l dr )
FdEK(’;(Kl) a1 FdEK(’;(Kl) a

(F i)
I'dExs )/ ,_,

is depicted, defined as the difference between the
spectrum of B — K (K;)U using the vector un-
particle operator with ¢ = 1 and that with a =
2(dy—2)/(dy—1) with 3 <dy <3.9. It is clear from
the graph that with increasing unparticle scaling di-
mensions dy, the contribution of the vector unparticle
operator to the decay rate decreases significantly be-
cause the increase is proportional to the inverse power
of the cutoff scale A, (see Eqs. (28) and (29)).

A (33)

@) (b

—_ = N
S W O

o
W

(=}

Cy (x107%)

Br(B—K,+missing) (x1072)

S = N W b
L e —

Cy (x107%

Fig. 5. The branching ratio for B — K;+F as
a function of Cs (a), Ca (b) and Cv (c). The
cutoff scale has been taken to be Ay = 1000
GeV. Solid lines are for dyy = 1.5, dashed lines
are for diy = 1.7 and long-dashed lines are for
dy = 1.9. The horizontal solid line is the SM

result.
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Fig. 6. Fractional error A in the spectrum for

the decay B — K (Ki1)+ vector unparticle
operator as a function of energy of the final
state hadron. The left panel shows the val-
ues for B — K{ and the right panel those for
B — Kj. The values for the coupling con-
stants and cutoff scale are the same as in Fig.
1. Solid lines are for dyy = 3.2, dashed lines are
for dyy = 3.4 and dashed-double dotted lines
are for dy = 3.6.

In conclusion, the study of the considered p-wave
decays of B mesons will not only provide us with in-
formation on the SM but it may also indicate possible
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physics beyond it. In future, when enough data have

been accumulated from the Super B-factories, we be-

lieve that these decays will take us a step forward

to the study of the unparticle as a source of missing

energy in flavor physics.

The authors would like to thank W. Wang and

Yu-Ming Wang for useful discussions.
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