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The weak decays of B — K;(1430)/*1~ (I = p, 7) are investigated in minimal supersymmetric
standard model (MSSM) and also in supersymmetric (SUSY) SO(10) grand unified theory (GUT) models.
Neutral Higgs bosons are the point of main focus in MSSM because they make quite a large contribution
in exclusive B — X"~ decays at large tanB regions of parameter space of SUSY models, as part of
SUSY contributions is proportional to tan? 8. The analysis of decay rate, forward-backward asymmetries
and lepton polarization asymmetries in B — K;;(1430)/"[~ show that the values of these physical
observables are greatly modified by the effects of neutral Higgs bosons. In SUSY SO(10) grand unified
model, the new physics contribution comes from the operators which are induced by the neutral Higgs
boson penguins and also from the operators with chirality opposite to that of the corresponding standard
model operators. SUSY SO(10) effects show up only in the decay B — Kju™ u~ where the transverse
lepton polarization asymmetries deviate significantly from the SM value while the effects in the decay
rate, forward-backward asymmetries, the longitudinal and normal lepton polarization asymmetries are
very mild. The transverse lepton polarization asymmetry is almost zero in SM and in MSSM model,
whereas it can reach to —0.3 in SUSY SO(10) GUT model which could be seen at the future colliders;

hence this asymmetry observable can be used to discriminate between different SUSY models.
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I. INTRODUCTION

It is generally believed that the standard model (SM) is
one of the most successful theory of the second half of the
last century as it has passed all the experimental tests
carried out for its verifications. The only missing thing
that is yet to be verified is the Higgs boson mass, which
we hope will be measured at the CERN large hadron
collider (LHC) in next couple of years. To test the SM
indirectly, rare decays induced by flavor changing neutral
currents (FCNCs) b — sI*1~ have become the main focus
of the studies since the CLEO measurement of the radiative
decay b — sy [1]. In the SM these decays are forbidden at
tree level and can only be induced via loop diagrams.
Hence, such decays will provide useful information about
the parameters of Cabbibo-Kobayashi-Maskawa (CKM)
matrix [2,3] elements as well as the various hadronic
form factors. In literature, there have been intensive studies
on the exclusive decays B — P(V, A)ITI~ [4-10] both in
the SM and beyond, where the notions P, V, and A denote
the pseudoscalar, vector and axial vector mesons,
respectively.

Despite all the success of the SM no one can say that it is
the ultimate theory of nature as it has many open questions,
such as the gauge hierarchy problem, origin of masses and
Yukawa couplings, etc. It is known that supersymmetry
(SUSY) is not only one of the strongest competitor of the
SM but is also the most promising candidate of new
physics. One direct way to search for SUSY is to discover
SUSY particles at high energy colliders, but unfortunately,
so far no SUSY particles have been found. Another way is
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to search for its effects through indirect methods. The
measurement of invariant mass spectrum, forward-
backward asymmetry and polarization asymmetries are
the suitable tools to probe new physics effects. For most
of the SUSY models, the SUSY contributions to an ob-
servable appear at loop level due to the R-parity conserva-
tion. Therefore, it has been realized for a long time that rare
processes can be used as a good probe for the searches of
SUSY, since in these processes the contributions of SUSY
and SM arises at the same order in perturbation theory [11].

In other SUSY models, neutral Higgs bosons (NHBs)
could contribute largely to the inclusive processes B —
X,I" 1™, because part of the SUSY contributions is propor-
tional to the tan®B [12]. Subsequently, the physical ob-
servables, like branching ratio and forward-backward
asymmetry, in the large tan8 region of parameter space
in SUSY models can be quite different from that in the SM.
Motivated by the fact, similar effects in exclusive B —
K(K*)I"I~ decay modes are also investigated [11], where
the analysis of decay rates, forward-backward asymmetries
and polarization asymmetries of final state lepton indicates
the significant role of NHBs. It is believed that the problem
of neutrino oscillations can not be explained in the SM. To
this purpose, the SUSY SO(10) grand unified theory
(GUT) models [13] has been proposed in literature. In
this model, there is a complex flavor nondiagonal down-
type squark mass matrix element of 2nd and 3rd genera-
tions which is of the order one at the GUT scale. This can
induce large flavor off-diagonal coupling such as the cou-
pling of gluino to the quark and squark which belong to
different generations. In general these couplings are com-
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plex and may contribute to the process of FCNCs. The
above analysis of physical observables in B — K(K*)I*1~
decay is extended in SUSY SO(10) GUT model where it
has been shown that the forward-backward asymmetries as
well as the longitudinal and transverse decay widths of the
said decays are sensitive to these NHBs effect in SUSY SO
(10) GUT model which can be detected in the future B
factories [14].

Along this line, we will investigate the exclusive decay
By — K;(1430)I1 (I = w, 7), where K;;(1430) is a scalar
meson, both in the minimal supersymmetric standard
model (MSSM) as well as in the SUSY SO(10) GUT
model [13]. It is expected that we might doubly benefit
from the study of such rare B decays, gain better under-
standing on low energy QCD and search for SUSY. The
reason is obvious that in the dominant decay modes, the
SM contribution is overwhelming and the SUSY effects, if
exists, would be drawn in the background, however, for
rare decay modes, situation would be different, where the
SM contribution might be less significant, so that the
SUSY effect would emerge to be distinguished from the
SM background. On the QCD side, the priority to scruti-
nize the B decays involving the scalar meson, such as
K;;(1430), can be attributed to the fact that those mesons
have the same quantum numbers as the vacuum and there-
fore can condensate into the vacuum as well as break a
symmetry like a global chiral U(N;) X U(N;). Also, the
nature of the scalar meson continues to be an intriguing
problem at present, and the weak productions of them in
the heavy hadron decays would allow us to probe the inner
structure of these novel mesons in a even broader ground.
Now, the main motivation to extend the SUSY analysis of
B — K(K*)Il to By— K;(1430)I] (I = p, 7) lies in the
fact that because of the scalar meson in the final state, the
dependence of various asymmetries on Wilson coefficients
is different compared to the pseudoscalar and vector case.
Hence it is possible that experimental results on K;(1430)
can give us some insights that are not accessible in the
studies of K or K* modes.

In this paper, we evaluate the branching ratios, forward-
backward asymmetries, lepton polarization asymmetries
with special emphasis on the effects of NHBs in MSSM.
It is known that different source of the vector current could
manifest themselves in different regions of phase space.
For low value of momentum transfer, the photonic penguin
dominates, while the Z penguin and W box become im-
portant towards high value of momentum transfer [11]. In
order to search the region of momentum transfer with large
contributions from NHBs, the above decay in certain large
tanB region of parameter space has been analyzed in
SuperGravity (SUGRA) and M-theory inspired models
[15]. We extend this analysis to the SUSY SO(10) GUT
model [11], where there are some primed counterparts of
the usual SM operators. For instance, the counterparts of
usual operators in B — X,y decay are suppressed by
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m,/m;, and consequently negligible in the SM because
they have opposite chiralities. These operators are also
suppressed in minimal flavor violating (MFV) models
[16,17], however, in SUSY SO(10) GUT model their ef-
fects can be significant. The reason is that the flavor non-
diagonal squark mass matrix elements are the free
parameters, some of which have significant effects in rare
decays of B mesons [18].

The main job of investigating the semileptonic B meson
decay is to properly evaluate the hadronic matrix elements
for B — K;;(1430), namely, the transition form factors,
which are governed by the nonperturbative QCD dynam-
ics. Several methods exist in the literature to deal with this
problem, among which the QCD sum rules approach
(QCDSR) [19,20] is a fully relativistic approach and well
rooted in quantum field theory. However, short-distance
expansion fails in nonperturbative condensate when apply-
ing the three-point sum rules to the computations of form
factors in the large momentum transfer or large mass limit
of heavy meson decays. As a marriage of standard QCDSR
technique and theory of hard exclusive process, the light
cone QCD sum rules (LCSR) [21-23] cure the problem of
QCDSR applying to the large momentum transfer by per-
forming the operator product expansion (OPE) in terms of
twist of the relevant operators rather than their dimension
[24]. Therefore, the principal discrepancy between
QCDSR and LCSR consists in that nonperturbative vac-
uum condensates representing the long-distance quark and
gluon interactions in the short-distance expansion are sub-
stituted by the light cone distribution amplitudes (LCDAs)
describing the distribution of longitudinal momentum car-
ried by the valence quarks of hadronic bound system in the
expansion of transverse-distance between partons in the
infinite momentum frame. An important advantage of
LCSR is that it allows a systematic inclusion of both
hard scattering effects and the soft contributions.
Phenomenologically, LCSR has been widely applied to
investigate the semileptonic decays of heavy hadrons
[25-28], radiative hadronic decays [29-31] and nonlep-
tonic two body decays of B meson [32-35].

In our numerical analysis for By — K;j(1430) decays,
we shall use the results of the form factors calculated by
LCSR approach in Ref. [36]. The values of the relevant
Wilson coefficient for MSSM and SUSY SO(10) GUT
models are borrowed from Ref. [11,14]. The effects of
SUSY contributions to the decay rate and lepton polariza-
tion are also explored in this work. Our results show that
the decay rates are quite sensitive to the NHBs contribu-
tion. The forward-backward asymmetry is zero in the SM
for these decays because of the absence of the scalar-type
coupling, therefore any nonzero value of the forward-
backward asymmetry will give us indication of the new
physics. Contrary to B — K77~ decay the value of the
forward-backward asymmetry for By — K(1430)7" 7~ is
positive and is significant when the contributions of NHB’s
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is large. Therefore the measurement of this observable will
give us some clear indications of SUSY in these decays.

It is known that the hadronic uncertainties associated
with the form factors and other input parameters have
negligible effects on the lepton polarization asymmetries,
therefore we have also studied these asymmetries in the
SUSY models mentioned above and found that the effects
of NHBs are quite significant in some regions of parameter
space of SUSY. In B — K(K*)II decays the normal lepton
polarization is proportional to the imaginary part of the
Wilson coefficients involved and is expected to be very
small [11]. However, for By — K;(1430)/[ it is propor-
tional to the real part, hence the value is expected to be
large in comparison to the previous case. Therefore, the
experimental investigation of normal lepton polarization
will give us some insights that are not accessible to the
studies of K(K*) modes.

The paper is organized as follows. In Sec. II, we present
the effective Hamiltonian for the semileptonic decay B —
Kyl*1~. Section III contains the parametrizations and
numbers of the form factors for the said decay using the
LCSR approach. In Sec. IV we present the basic formulas
of physical observables like decay rates, forward-
backward asymmetries and polarization asymmetries of
lepton in the above mentioned decay. Section V is devoted
to the numerical analysis of these observables and the brief
summary and concluding remarks are given in Sec. VI.

II. EFFECTIVE HAMILTONIAN

By integrating out the heavy degrees of freedom in the
full theory, the general effective Hamiltonian for b —

51717 in SUSY SO(10) GUT model, can be written as [14]
_4Gp ;
Ha = = v,bvm[z )0 (u) + z<c (1)0:(1)

i=

+ Ci(pn)0j(w)) + Z(CQ[(M)QI'(IUJ)
i=1

+ Coweyu) | (M

where O;(u) (i = 1,..., 10) are the four-quark operators
and C;(w) are the corresponding Wilson coefficients at the
energy scale u [37]. Using renormalization group equa-
tions to resum the QCD corrections, Wilson coefficients
are evaluated at the energy scale u = m,,. The theoretical
uncertainties associated with the renormalization scale can
be substantially reduced when the next-to-leading-
logarithm corrections are included. The new operators
Qi(u) (i=1,...,8) come from the NHBs exchange dia-
grams, whose manifest forms and corresponding Wilson
coefficients can be found in [38,39]. The primed operators
are the counterparts of the unprimed operators, which can
be obtained by flipping the chiralities in the corresponding
unprimed operators. It is believed that the effects of the
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counterparts of usual chromomagnetic and electromag-
netic dipole moment operators as well as semileptonic
operators with opposite chirality are suppressed by
m,/m,, in the SM, but in SUSY SO(10) GUTs their effect
can be significant, since 8XF can be as large as 0.5 [13,14].
Apart from this, SdRR can induce new operators as the
counterparts of usual scalar operators in SUSY models
due to NHB penguins with gluino-down type squark propa-
gator in the loop. It is worth mentioning that these primed
operators will appear only in SUSY SO(10) GUT model
and are absent in SM and MSSM [11].

The explicit expressions of the operators responsible for
B — K;;(1430)[* ™ transition are given by

2

e _

07 = me(SO'MVPRb)FMV,
82

05 = ——my(50,,P b)F*"

1672
2

e _ _
Oy = W(SY,LPLb)(IY”Z),

2

e _
0y = W(ﬁ’ﬂﬂeb)(h’”l)
o2
Oy = Tom —— (5, PLb)(Iy*ysl),
(2)
2 B _
0/10 = @(S’)’,_LPRb)(W“YSI)
2
e _
0, = W(EPRb)(”)’
2
e _ _
0\ = 1672 (3P.D)(I1)
o2
0, = o7 — (5Pgb)(Iysl),
e B _
04 = 1o (5P.b)Tys)
with Py r= (1 *7ys)/2. In terms of the above

Hamiltonian, the free quark decay amplitude for b —
s{t1™ can be derived as [12]:

GFCY

2
+ Cio(5y  PLO) Iy ysl)
—2mbC°ff(Sl(T q—PR )(l_y“l)

+ Cp, (5Pgb)(Il) + Cy, (5Pb)(Iys])

j\/l(b —_ sl+l_) V,hV;}{Ce“(S’yMPLb)(l’y'“l)

+(Cilmy) < c;<mb>>}, 3)

where s = ¢? and ¢ is the momentum transfer. The opera-
tor Oy can not be induced by the insertion of four-quark
operators because of the absence of the Z boson in the
effective theory. Therefore, the Wilson coefficient C;, does
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not renormalize under QCD corrections and hence it is
independent on the energy scale. In addition to this, the
above quark level decay amplitude can receive contribu-
tions from the matrix element of four-quark operators,

© (I"1"s510,|b), which are usually absorbed into the
effective Wilson coefficient C5(u), that one can decom-
pose into the following three parts [40—46]

CM(n) = Co(p) + Ysp(z, s') + Yip(z 5),

where the parameters z and s’ are defined as z = m./m,,
s' = q?/m?. Ysp(z, s') describes the short-distance contri-
butions from four-quark operators far away from the cc
resonance regions, which can be calculated reliably in the
perturbative theory. The long-distance contributions
Y1 p(z, s') from four-quark operators near the ¢¢ resonance
cannot be calculated from first principles of QCD and are
usually parametrized in the form of a phenomenological
Breit-Wigner formula making use of the vacuum saturation
approximation and quark-hadron duality. We will neglect
the long-distance contributions in this work because of the
absence of experimental data on B — J/K;;(1430). The
manifest expressions for Ygp(z, s') can be written as

Ysp(z, 8') = h(z, s")(3C (w) + Co(p) + 3C3(u) + Culp)
+3C(0) + Colw) — S AL $ACH ()
+4Cy(p) + 3Cs(n) + Cs(p))

= Jh0,$(C3(p) + 3,4 + 5 (C5(40)

+ Cy(p) +3Cs(u) + Co(p)), 4)
with
8 8 4 2
h(z, s') = 5 Inz + 7 t9% ™ §(2 + x|l — x|'/?
lnl%l —im forx =472/s' <1
2arctan7h for x =422/s' > 1
8 4 4
hOs) ==~ ln% — 5 Ins' 5 (5)

Apart from this, the nonfactorizable effects [47-50]
from the charm loop can bring about further corrections
to the radiative b — s+ transition, which can be absorbed
into the effective Wilson coefficient C<T. Specifically, the
Wilson coefficient C$ is given by [51]

Cs () = Co(w) + Cpsy (),

with the absorptive part for the b — scc — sy rescattering

2
Chosy(p) = ias[gn"‘/B(Gl(xt) —0.1687)

_ o.oscz(ﬂ)], ©)

PHYSICAL REVIEW D 79, 074007 (2009)
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4(x — ¥’

x(x* = 5x —2)
8(x — 1)

where 7 = a,(my)/a,(n), x, = m?/m%,. Here we have
dropped out the tiny contributions proportional to CKM
sector V,, Vi, In addition, C¥(u) and C5™(u) can be
obtained by replacing the unprimed Wilson coefficients
with the corresponding prime ones in the above formulas.

G (x) =

(N

ITII. PARAMETRIZATIONS OF MATRIX
ELEMENTS AND FORM FACTORS IN LCSR

With the free quark decay amplitude available, we can
proceed to calculate the decay amplitudes for semileptonic
decays of By — K;;(1430)/"/~ at hadronic level, which
can be obtained by sandwiching the free quark amplitudes
between the initial and final meson states. Consequently,
the following two hadronic matrix elements

(K5(PI5y . vsb|By(p + q)),
(K5(PI50,,750"bIBy(p + q))

need to be computed as can be observed from Eq. (1). The
contributions from vector and tensor types of transitions
vanish due to parity conservations which is the property of
strong interactions. Generally, the above two matrix ele-
ments can be parametrized in terms of a series of form
factors as

(Ko(PI5y,ysbIBy(p + @) = —ilf+(¢P)p,
+f-(¢Pg.) )

®)

(Ko(p)I50,, 759" bIBy(p + q))

1
== W[QP + @) q* — (my — m3)q,1fr(g%).
(10)
Contracting Egs. (9) and (10) with the four momentum g*
on both side and making use of the equations of motion

g (v, ) = (my —m) g s (11)

g (Pryuysn) = —(my + ma)dysp,  (12)

we have

Ky (PI5ysblE (P + ) = = Lf g g

+ f-(g®)q*] (13)

To calculate the nonperturbative form factors, one has to
rely on some nonperturbative approaches. Considering the
distribution amplitudes up to twist-3, the form factors at
small g* for By — Kjl*1~ have been calculated in [36]
using the LCSR. The dependence of form factors f;(g?)
(i = +, —, T) on momentum transfer q2 are parametrized

074007-4



B — K:(1430)I"1~ DECAYS IN ...

TABLE I. Numerical results for the parameters f;(0), a; and b;
involved in the double-pole fit of form factors (15) responsible
for By — K;(1430)!l decay up to the twist-3 distribution ampli-
tudes of Kjj(1430) meson.

£i(0) a; b;
P R T
f- 0.073%63 250184 1.82+069
fT 0. 60t0 {3 0.69 t(): 27
in either the single pole form
i(0)
@) = —"5—>, (14)
1 = a,q*/mj,
or the double-pole form
(0)
filg®) = 1 /; (15)

- aiqz/m%;o + biq4/m‘113,” ’

in the whole kinematical region 0 < ¢* < (mp, — mx:)
while nonperturbative parameters a; and b; can be fixed by
the magnitudes of form factors corresponding to the small
momentum transfer calculated in the LCSR approach. The
results for the parameters a;, b; accounting for the ¢°
dependence of form factors f,, f_, and f; are grouped
in Table 1.

IV. FORMULA FOR PHYSICAL OBSERVABLES

In this section, we are going to perform the calculations
of some interesting observables in phenomenology like the
decay rates, forward-backward asymmetry as well as the
polarization asymmetries of final state lepton. From Eq. (3)
, it is straightforward to obtain the decay amplitude for
By — KjI*1™ as

GFCY -
-V, Vi T (Iy*1
2\/577_ th t[ M( Y )
+ Th(lytysl) + T3(ID],  (16)

MBO—»KgFr -

where the functions T}, 77, and T° are given by

. . 4im
Tl — j(Ceff — reff 2 + b
L =i(C§ 5" )f+(g”)p, iy + g

X (CET — CIN) f1(qP) p (17)

T = i(Cio = Ci)(f (@), + f-(D)q,)
i / |

- W(CQZ — Co,)f+ (@®)p-q

(PP .

and
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1
T3 = i(Cy, — Co) s U+ @*)p - q+ f-(g*)q).

19)

It needs to point out that the terms proportional to ¢, in T},
namely f_(g?) does not contribute to the decay amplitude
with the help of the equation of motion for lepton fields.
Besides, one can also find that the above results can indeed
reproduce that obtained in the SM with C, = 0 and T° = 0.

A. The differential decay rates and forward-backward
asymmetry of By — K;(1430)/ "1~

The semileptonic decay By — K;;(1430)/" [ is induced

by FCNCs. The differential decay width of By —

K;(1430)1* [~ in the rest frame of By meson can be written
as [52]

dU(By— Kj(14300171) 1 1 jm
dq? (2m)* 32mg, J.

X IMBU—>K(’;(1430)I+I‘ [>du, (20)

Lmin

where u = (PK;(1430) +pr)? and ¢* = (pp + pr )%

PK:(1430) Prs and p, are the four-momenta vectors of
K;(1430), I*, and [ respectively; |M1§0—>K$(1430)l+l’|2 is
the squared decay amplitude after integrating over the
angle between the lepton [/~ and K;;(1430) meson. The
upper and lower limits of u are given by

— 2 _ 2 — 2
Umax = (Eg1430) + ET) (\/E*g(mao) MMk (1430)

~\ER - mi

— (F* 2 _ ([ )
Umin = (E;(;(1430) +E[) (\/E (1430) — Mg (1430)

+VE2 — m2)?, 1)

where the energies of K;;(1430) and /™ in the rest frame of
lepton pair Ej. 43, and Ej- are determined as
0

2 _ 2 _ 2
£ M, T M4z — 4

5(1430) :
Ko( ) 2 /qZ

(22)

Collecting everything together, one can write the general
expression of the differential decay rate for By, —
K;(1430)1"1 as [53]:
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2
Zz G3072|ntr7‘r/t;| V! - ~y VA i AP
X (2m? + s)A + 12sm%(mB - mK* —5)(CB* + C*B)
+ 12m?s*|C|? + 61|D|*(t — 4m?) + |BI>((2m? + s)
X (m — Zm%mi; — 2smK;) + (mKS —5)?
+ Zm%(m‘}{g + IOZm%(S + s2)}, (23)
where
A= A(m3, m%, s)

= m 4 2 9202 52 o 2
mB-l-mKS-i-s ZmBmKS megS 2smy. (24)

The auxiliary functions are defined as

A= (G~ CEMF.(g)
4i
- :_mb K* (Ceff Cgeff)fT(q2)
B = i(CIO - 10)f+(q )
C=i(Cyy— Clpf-(¢*) + m(l? “qf+(q?)

+ 612f1r(612))(CQ2 —Cp,)

D= (p af +(@®) + ¢*fr(g*)(Cy, — Cp)) (25)

my, +m

The forward-backward asymmetry for the decay modes
By — K;(1430)I" [~ is exactly equal to zero in the SM
[54,55] due to the absence of scalar-type coupling between
the lepton pair, which serves as a valuable ground to test
the SM precisely as well as bound its extensions strin-
gently. The differential forward-backward asymmetry of
final state leptons in different SUSY models can be written
as

dAp(q?) ] Jeosd d*T(s, cosh)
ds dsd cosf
d2F 0
f deoso L Cosa )
and
2T (s, I'(s,
Aps(q?) = Jodcost ddsficcooqsog) J dcosd ddsiic%osza)
2[(s,cos I'(s,cos
-[0 0s6 ddsil cosf}g) + ]'0 d cost ddsil cosf)g)
(27)
Now putting everything together, we have
) /dF @G|V Vi Mmi, mi.., s)
PRl ( ) 1024m3 7
4 2
X m,(l - ﬂ)(AD* + A*D). (28)
s
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It is clear from the expressions of decay rate and forward-
backward asymmetry that the contribution of the NHBs as
well as that of the SUSY SO(10) GUT model comes in
through the auxiliary functions defined in Eq. (25). Hence
these SUSY effects manifest themselves in the numerical
results of these observables.

B. Lepton polarization asymmetries of
By — K,(1430)I 1~
In the rest frame of the lepton /™, the unit vectors along

longitudinal, normal and transversal component of the [~
can be defined as [56]:

~0.2)=(0 p- )
“1p-|
" Py X P (29)
= O) = T <, - 1 y
©.2v) ( |k X p—l)
= (0,é7) = (0,éy X ¢p),

where p_ and p k; are the three-momenta of the lepton I~
and K;(1430) meson, respectively, in the center mass (CM)
frame of [T~ system. Lorentz transformation is used to
boost the longitudinal component of the lepton polarization
to the CM frame of the lepton pair as

Ep_
e = (B ) (30

where E; and m; are the energy and mass of the lepton. The
normal and transverse components remain unchanged
under the Lorentz boost.

The longitudinal (P;), normal (Py) and transverse (Pr)
polarizations of lepton can be defined as:

P(+)( ) = (f =év) _%(Ei = —é") G1)
LE )+ LE = &)

where i = L, N, T, and g? * is the spin direction along the
leptons / *. The differential decay rate for polarized lepton
I* in By — K;;(1430)[" [~ decay along any spin direction
£" is related to the unpolarized decay rate (20) with the
following relation

dU(E7)

o +Prér)- 7]

(32)

1 (dl ¥ F2F
= E(g)[l + (Pjéf + Pyéy

We can achieve the expressions of longitudinal, normal and
transverse polarizations for By — K;;(1430)/" 1~ decays as
collected below. The longitudinal lepton polarization can
be written as
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AT\ @ GHIV i VEIP A2 (m3, m?., 5)
P.(s) = (1% 0
1) ( / ds) 3072m%

4

% (1 - %%)(AB* +A"B). (33)

Similarly, the normal lepton polarization is

P (S) — (l/g) azG%f“thbV;;lzml _ 4_’”[2
N ds) 4096m3 /s s

X [(m} — m3. + 5)(A*B + AB")
0

—25(A*C + ACY)], (34)

and the transverse one is given by

AT\ —ia2GH |V, VEP A2 (m3, m%(g, s)
ds) 4096m3 7

4 2
X(l—ﬂ)(m%—m§+s)
s

X [(A*D — AD*) + 2m,(B*C — BC*)].

Py(s) = (1/

(35)

The % appearing in the above equation is the one given in
Eq. (23) and A(m3, m%(g, s) is the same as that defined in

Eq. (24).

V. NUMERICAL ANALYSIS

In this section, we would like to present the numerical
analysis of decay rates, forward-backward asymmetries
and polarization asymmetries. The numerical values of
Wilson coefficients and other input parameters used in
our analysis are borrowed from Ref. [11,14,36] and col-
lected in Tables II, I1I, and IV. In the subsequent analysis,
we will focus on the parameter space of large tan3, where
the NHBs effects are significant owing to the fact that the
Wilson coefficients corresponding to NHBs are propor-
tional to (mym;/m3)tan®B (h = h°, A°). Here, one tanf
comes from the chargino-up-type squark loop and tan’g8
comes from the exchange of the NHBs. At large value of

tanf3 the C(Q’) compete with CE’) and can overwhelm CE-I) in

some region as can be seen from the Tables IIT and IV [12].
SUSY I corresponds to the regions where SUSY can

PHYSICAL REVIEW D 79, 074007 (2009)

TABLE II. Values of input parameters used in our numerical

analysis

Gr = 1.166 X 1075 GeV 2
[V,,| = 0.9991

m.(m,) = 127570512 GeV
mpo = 5.28 GeV

[V,,| = 41617510 x 1073

my, = (4.68 = 0.03) GeV

my(1 GeV) = (142 = 28) MeV
my: = 1.43 GeV

destructively contribute and can change the sign of C-,
but without contribution of NHBs, SUSY II refers to the
region where tanf is large and the masses of the super-
partners are relatively small. SUSY III corresponds to the
regions where tanf is large and the masses of superpart-
ners are relatively large. The primed Wilson coefficients
are for the primed operators in Eq. (2) from NHBs con-
tribution in SUSY SO(10) GUT model. As the NHBs are
proportional to the lepton mass, the values shown in the
table are for u case and 7 case (the values in parentheses of
Table IV). Apart from the large tanB limit, the other two
conditions responsible for the large contributions from
NHBs are: (i) the mass values of the lighter chargino and
lighter stop should not be too large; (ii) the mass splitting
of charginos and stops should be large, which also indicate
large mixing between stop sector and chargino sector [11].
Once these conditions are satisfied, the process B — X,y
will not only impose constraints on C5 but it also puts very
stringent constraint on the possible new physics. It is well
known that the SUSY contribution is sensitive to the sign
of the Higgs mass term and SUSY contributes destructively
when the sign of this term becomes minus. It is pointed out
in literature [11] that there exist considerable regions of
SUSY parameter space in which NHBs can largely con-
tribute to the process b — sI* 1~ due to change of the sign
of C; from positive to negative, while the constraint on
b — svy is respected. Also, when the masses of SUSY
particles are relatively large, say about 450 GeV, there
exist significant regions in the parameter space of SUSY
models in which NHBs could contribute largely. However,
in these cases C; does not change its sign, because con-
tributions of charged Higgs and charginos cancel each
other.

Before, we discuss the numerical results, it is worth
mentioning that the leptonic decay B, — Il is a golden
channel to look for the NHBs effects in SUSY models at
large tanf. Its branching ratio can be written as [57-59]

TABLE III.  Wilson Coefficients in SM and different SUSY models but without NHBs contributions. The primed Wilson coefficients
corresponds to the operators which are opposite in helicities from those of the SM operators.

Wilson Coefficients cett Clett Co C}, Cio Clo

SM —0.313 0 4.334 0 —4.669 0

SUSY TorII +0.3756 0 47674 0 —3.7354 0

SUSY III —0.3756 0 4.7674 0 —3.7354 0

SUSY SO(10) (4o = —1000) —0.219 +0i 0.039 —0.038; 4.275+0i 0.011 +0.0721i —4.732 —0i —0.075 — 0.670i
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TABLE IV. Wilson coefficient corresponding to NHBs contributions. SUSY I corresponds to the regions where SUSY can
destructively contribute and can change the sign of C;, but without contribution of NHBs, SUSY II refers to the region where
tan is large and the masses of the superpartners are relatively small. SUSY III corresponds to the regions where tanf is large and the
masses of superpartners are relatively large. The primed Wilson coefficients are for the primed operators in Eq. (2) from NHBs
contribution in SUSY SO(10) GUT model. The values in the parentheses are for the 7 case.

Wilson Coefficients Co, C’QI Co, C’Q2
SM 0 0 0 0
SUSY 1 0 0 0 0
SUSY I 6.5 (16.5) 0 —6.5 (— 16.5) 0
SUSY III 1.2 (4.5) 0 —1.2 (—4.5) 0

0.106 + 0i
(1.775 + 0.002i)

SUSY SO(10) (A, = —1000)

—0.247 + 0.242i
(—4.148 + 4.074i0)

—0.250 + 0.246i
(—4.202 + 4.128i)

—0.107 + 0i
(— L.797 — 0.002i)

Br(B, —» u"u") =

Gra " 4m?
e mzfifa.lv;bvmla’l o
4ml2 2
x [(1 - m—z)cgl
(36)

where Cy, and C, corresponds to the NHB effects which
are zero in the SM and are proportional to
(mym;/m3)tan®B (h = h°, A°) in MSSM. In SM, the value
of Wilson coefficient C; is large but this is suppressed by
the factor 31—': therefore, the expected value of the branching

ratio is small and that is

BRgy(B, — utp™) = (3.86 £ 0.15) X 10%.  (37)

Now, with small and large value of the coefficients
corresponding to the NHBs the branching ratio can be
enhanced by a factor ranging from 10'-10°, but the current
upper limit provided by CDF collaboration (BRgy(B; —
) =9.4 X 1078) [60] is just 25 times larger than the
SM results. One can see clearly from Eq. (36) that the
branching ratio for By — u* ™ is directly proportional to

8x1078

6x1078

4%x1078

2x1078

BR(By—~>K*(1430)+u* +17)(GeV2)

d
dq2
>

q*(GeV?)

the NHBs contributions. Therefore, this severely cuts the
parameter space of the SUSY and the large value of the
Wilson Coefficients Cyp, and Cp, which are possible in
SUSY II and SUSY III models have been ruled out. Only
the value of these coefficients in SUSY SO(10) respect the
current limit provided by CDF collaboration. Hence, the
measurement of this decay at the future experiments will
help to get useful constraints on the New Physics and if
large deviation from SM predication is observed, then apart
from the signal of supersymmetry, this would have an
important implications on the Higgs searches at LHC.

The purpose of the study of NHBs effectin B — K" 1~
(I = p, 7)1s not only focused to incorporate the constraints
provided by B, — u™ u~ but to check the effects of NHBs
at the larger extent. One can see that in our study we have
chosen the value of Cy and Cp, from 0 to 4.5 just to check
the sensitivity of different physical observables on these
NHBs. We hope that in future, when we have data on these
decays, they will help us to test the constraints provided by
the golden channel By, — u* ™.

The numerical results for the decay rates, forward-
backward asymmetries and polarization asymmetries of
the lepton are presented in Figs. 1-5. Figure 1 describes
the differential decay rate of B — K*(1430)/"1~, from

T i
> 5x10
@
. 4x10”°
+
A
s
= 3x107°
o
=
= -9
:, 2x10
3
>
'8 1x10™°
=4
-]
"!:J|_g" 0

*(GeV?)

FIG. 1. The differential width for the B — KSZ*Z’ (I = p, 7) decays as functions of qz. The solid, dashed, dashed-dot, dashed-
double dot and dashed-triple dot line represents SM, SUSY I, SUSY II, SUSY IIT and SUSY SO(10) GUT model, respectively.
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which one can see that the supersymmetric effects are quite
distinctive from that of the SM both in the small and large
momentum region. The reason for the increase of differ-
ential decay width in SUSY I model is the relative change
in the sign of C$; while the large change in SUSY II
model is due to the contribution of the NHBs. As for the
SUSY III and SUSY SO (10) models, the value of the
Wilson coefficients corresponding to NHBs is small and
hence one expects small deviations from SM. For SUSY I,
the value of decay rate is smaller than that of SM value
which is due to the change in the sign of C$ and also due
to the small contributions from the NHB’s. Similar effects
can also be seen for the tauon case in Fig. 1(b). For this
case, the SUSY play destructive role which is quite differ-
ent compared to B — KI*1~ decays.

As an exclusive decay, there are different source of
uncertainties involved in the calculation of the above said
decay. The major uncertainties in the numerical analysis of
By — K;(1430)/" 1~ decay originated from the By,—
K;(1430) transition form factors calculated in the LCSR
approach as shown in Table I, which can bring about
almost 40% errors to the differential decay rate of B, —
K;(1430)1"~, which showed that it is not a suitable tool to
look for the new physics. The large uncertainties involved
in the form factors are mainly from the variations of the
decay constant of K;(1430) meson and the Gengenbauer
moments in its distribution amplitudes. There are also
some uncertainties from the strange quark mass m,, which
are expected to be very tiny on account of the negligible
role of my suppressed by the much larger energy scale of
my,. Moreover, the uncertainties of the charm quark and
bottom quark mass are at the 1% level, which will not play
significant role in the numerical analysis and can be
dropped out safely. It also needs to be stressed that these
hadronic uncertainties almost have no influence on the
various asymmetries including the lepton polarization
asymmetry on account of the serious cancellation among

0.05 .

N,
’

0.04

0.03

’

0.02 Sl e -

="
——r e —"

0.01

AFB(By—K**(1430)+1* +17)(GeV™?)
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different polarization states and this make them the best
tool to look for physics beyond the SM.

In Fig. 2, the forward-backward asymmetries for B —
Kyt~ (I =, 7) are presented. In SM the forward-
backward asymmetry is zero for this decay because there
is no scalar operator. However in SUSY II, SUSY III and
SUSY SO(10) model, we have the scalar operators corre-
sponding to the NHBs, therefore we expect the nonzero
value of the forward-backward asymmetry. This is quite
clear from the Eq. (28) where the auxiliary function D
corresponds to the contributions from NHBs. Figure 2(a)
describes the forward-backward asymmetry for B —
Kyu™ u™. As the forward-backward asymmetry is propor-
tional to the lepton mass, therefore for the muons case it is
expected to be very small compared to the tauons case.
Thus the maximum value of the forward-backward asym-
metry is 0.05 in SUSY II model which is hard to be
observed experimentally. However, for B — Kj7" 7~ the
maximum value of forward-backward asymmetry is
around 0.35 in SUSY II model. Now this value differs
from B — KI"l~ only in the sign [11], and hence the
experimental results of this decay will help us in under-
standing the SUSY effects in B meson decays. The number
of events required to observe this asymmetry are around
10® or so which are accessible at large colliders like the
LHCb. When the final state leptons are the tauon pair, the
effects of SUSY IIT and SUSY SO(10) are still too small to
be measured experimentally.

Figure 3(a) and 3(b) shows the dependence of longitu-
dinal polarization asymmetry for the B — K;/™1~ on the
square of momentum transfer. The value of longitudinal
lepton polarization for muon is around —1 in the SM and
we have a slight deviation on this value for SUSY I and
SUSY SO(10) model. However, in SUSY II and SUSY III
model the value of longitudinal lepton polarization ap-
proaches to zero in the large momentum transfer region.
The reason is that in SUSY II model we have a large value

<03 - N
> L N
= 025 R N
I|~ I,’ N,
+ / \
\
?E - /'/'I \\
z .
@ o015t/ %
;:i / A\
2 ooaf [ k
0 1 \
T i A
) i v
& 00501 e i
: ! T h \.I.
0 L -
13 135 14 145
q*(GeV?)

FIG. 2. Forward-backward asymmetry for the B — K"~ (I = u, 7) decays as functions of ¢*. The dashed-dot, dashed-double dot
and dashed-triple dot line represents SUSY II, SUSY III and SUSY SO(10) GUT model, respectively.
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0
" _0.02
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(%
+
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S —0.04
)
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FIG. 3. Longitudinal lepton polarization asymmetries for the B — KjI*1~ (I = p, 7) decays as functions of q*. The solid, dashed,
dashed-dot, dashed-double dot and dashed-triple dot line represents SM, SUSY I, SUSY II, SUSY III and SUSY SO(10) GUT model,

respectively.

of the differential decay rate and this suppresses the value
of the polarization in the large ¢> region. In SUSY III
though the value of the decay rate is not large, relatively
small contribution comes from the Wilson coefficients
C3*Cyp. In large ¢° region, the longitudinal lepton polar-
ization approaches to zero in all the models including the
SM, because the factor A(m3, miﬂ 5) goes to zero at large

value of transfer momentum. Similar effects can be seen
for the final state tauon but the value for this case is too
small to measure experimentally.

The dependence of lepton normal polarization asymme-
tries for B — K;I"1~ on the momentum transfer squared
are presented in Fig. 4. In terms of Eq. (34), one can
observe that this asymmetry is sensitive to the contribution
of NHBs in almost all the supersymmetric models.
Figure 4(a) shows the normal lepton polarization for B —
Kyu™ p™. It can be seen that Py changes its sign in the
case of SUSY III model and this is due to the contribution
from NHBs. Now for SUSY II model, though large con-

(a)

0.75
5 0.5
+
h
F o025
z SM(SUSY1)
I SUSY2
= 0 10)
L
T -025
y--]
Z
& —05

SUS
—-0.75
0 2 4 6 8 10 12 14
q*(GeV?)

tributions from NHBs but it is overshadowed by the oppo-
site sign of C3f and CSf. As the normal lepton
polarization is proportional to the lepton mass, for 77~
channel, it is expected that one can distinguish between
different SUSY models, which can be seen from the
Fig. 4(b). Again due to same reasons as for the muons
case, the normal lepton polarization changes its sign in
SUSY II model. The main advantage to study B —
KI*1™ decay is that the value of normal lepton polariza-
tion is very large compared to B — K(K*)I" [~ studied in
these model in Ref. [11] and the reason for this is quite
obvious. From Eq. (34) one can see that the normal lepton
polarization for B — K;I*1~ is proportional to the real
part of the Wilson coefficients which is contrary to the B —
K(K*)I*1~ decays where it is proportional to the imagi-
nary part [11]. As the imaginary part of these coefficients is
very small in SUSY I, SUSY II and SUSY III models,
therefore the corresponding value of the normal polariza-
tion is also small. This really makes it quite interesting to

e
=N

N
'S

Pa(By—K*(1430)+7* +77)
>
N

|
S
)

SUS

|
S
'S

13 13.5 14 14.5
¢*(GeV?)

FIG. 4. Normal lepton polarization asymmetries for the B — KjI™1~ (I = u, 7) decays as functions of g°.
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FIG. 5. Transverse lepton polarization asymmetries for the B — K;jI™1~ (I = p, ) decays as functions of g°.

look for SUSY signatures in B — K;I"1~ decays in the
future experiments.

Figure 5 shows the dependence of transverse polariza-
tion asymmetries for B— K3l/™[~ on the square of mo-
mentum transfer. From Eq. (35) we can see that it is
proportional to the imaginary part of the Wilson coeffi-
cients which are negligibly small in SM as well as in SUSY
I, SUSY II and SUSY III models. However, complex flavor
nondiagonal down-type squark mass matrix elements of
2nd and 3rd generations are of order one at GUT scale in
SUSY SO(10) model, which induce complex couplings
and Wilson coefficients. As a result, non zero transverse
polarization asymmetries for B — Kj/"[~ exist in this
model. Now for u*u~ channel, the value of transverse
polarization asymmetry is around —0.3 in almost all value
of ¢* except at the end points.

Finally, we take the transverse polarization asymmetry
(Pr) as an example to show the discovery potential of
SUSY with the future experiments. Experimentally, to
measure (Pr) of a particular decay branching ratio B at
the no level, the required number of events are N =
n?/(B{P)?) and if (P;) ~ 0.3, then the required number
of events are almost 10% for B decays. Since at the large
hadron collider, the expected number of bb production
events is around 10'? peryear, so the measurement of
transverse polarization asymmetries in the B — Kj/"1~
decays could discriminate the SUSY SO(10) model from
the SM and other SUSY models. SuperB factory, having an
initial luminosity of 103 cm~2s~! can collect 15ab~! data
samples in a New Snowmass Year, which will also open up
the world of New Physics effects including SUSY in such
rare B decays.

VI. CONCLUSION

We have carried out the study of invariant mass spec-
trum, forward-backward asymmetry, polarization asymme-
tries of semileptonic decays B — K;;(1430)/* 1~ (I = p, 7)

in SUSY theories including SUSY SO(10) GUT model.
Particularly, we analyzed the effects of NHBs to this
process and the main outcomes of this study can be sum-
marized as follows:

(i) The differential decay rates deviate sizably from that
of the SM especially in the large momentum transfer
region. These effects are significant in SUSY II
model where the value of the Wilson coefficients
corresponding to the NHBs is large. However, the
SUSY SO(10) effects in differential decay rate of
B — K;(1430)I*1~ (I = p, 7) are negligibly small.

(i1)) The forward-backward asymmetry for the decay
B — KjI"1™ is zero in the SM because of the miss-
ing of scalar operators in SM. Hence, the SUSY
effects show up and the maximum value of the
forward-backward asymmetry is around 0.35 for
B— Kjr" 7~ in SUSY II model. When the final
state leptons are the tauon pair, the effects of
SUSY III and SUSY SO(10) are still too small to
be measured experimentally.

(iii)) The longitudinal, normal and transverse polariza-
tions of leptons are calculated in different SUSY
models. It is found that the SUSY effects are very
promising which could be measured at future experi-
ments and shed light on the new physics signal
beyond the SM. The transverse polarization asym-
metry is the most interesting observable to look for
the SUSY SO(10) effects where its value is around
0.3 in almost all the g? region. It is measurable at
future experiments like LHC and BTeV machines
where a large number of bb pairs are expected to be
produced.

In short, the experimental investigation of observables,
like decay rates, forward-backward asymmetry and lepton
polarization asymmetries in B — K;(1430)/71” (I = u, 1)
decay will be used to search for the SUSY effects, in
particular, the NHBs effect, encoded in the MSSM as
well as SUSY SO(10) models.
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