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Abstract. The rare B — K “vir decay when K" meson is longitudinally or transversely polarized is analyzed

in the context of the fourth generation model. A significant enhancement to the missing energy spectrum over
the SM is recorded.

1. Introduction

The theoretical and experimental investigations of the rare decays have been a subject of
continuous interest in the existing literature. The experimental observation of the

inclusive b — Xy [1], and exclusive B — K*)/ [2] decays, together with the recent

CLEO [3] upper limits on the exclusive decays B — K“A*A” which are less than one
order of magnitude above the SM predictions, stimulated the study of rare B meson
decays on a new footing. These decays take place via flavor-changing neutral currents
(FCNC) which are absent in the Standard Model (SM) at tree level and appear only at
the loop level. The inclusive B — X vv decay rate is very sensitive to extensions of the

SM, and provides a unique source of constrains on some new physics’ scenarios which
predict a large enhancement of this decay mode. Therefore, the study of b—svv,

together with the search for b — sA*A™ , and b — s gluon processes, with a refinement
of the measurement of B — Xy y will allow to exploit a complete program to test the
SM properties at the loop level and constrain various new physics scenarios. The first
attempt to experimentally access the decay b — svv will be through the exclusive
modes, *WhiCh will be better investigated at B-factories. Among such modes,*the channel
B — K vv provokes special interest. The experimental search for B — K vv decays
can be performed through the large missing energy associated with the two neutrinos,
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together with an opposite side fully reconstructed B meson. The SM has been exploited
to establish a bound on the branching ratio of the above-mentioned decay of the order
~107° , which can be quite measurable for the upcoming KEK and SLAC B-factories.
However, in SM there are three generations, and yet there is no theoretical argument to
explain why there are three and only three generations in SM, and there is neither an
experimental evidence for a fourth generation nor does any experiment exclude such
extra generations. On this basis, serious attempts to study the effects of the fourth
generation on the rare B meson were made by many authors. For example, the effects of
the fourth generation on the branching ratio of the B — X,A"A™, and the B — Xgv
decays 1s analyzed in [4]. In [5], the fourth generation effects on the rare exclusive
B— KA decay are studied. In [6], the contributions of the fourth generation to the
Bs —»> vvy decay is investigated. Recently, in [7] the effects of the fourth generation on
the rare B — K vi decay is discussed.

In this work, the missing* energy spectrum and the branching ratio of B — K v
will be investigated when K meson is longitudinally or transversely polarized in a
sequential fourth generation model SM, which we shall call (SM4) hereafter for the sake
of simplicity. This model is considered as the natural extension of the SM, where the
fourth generation model is introduced in the same way the three generations are
introduced in the SM, so no new operators appear, and clearly the full operator set is
exactly the same as in SM. Hence, the fourth generation will change only the values of
the Wilson coefficients via virtual exchange of an up- hke quark t. Subsequently, the
missing energy spectrum and branching ratio of B — K*v¥ are enhanced significantly,
as we shall see, a result which is in the right direction at least to help experimental search
for B— K v through m;, and vice versa.

Consequently, this paper is organlzed as follows: in Section 2, the relevant
effective Hamiltonian for the decay B — K'vv ina sequential fourth generation model
(SM4) is presented; and in Sectlon 3, the dependence of the missing energy spectrum,
and branching ratio of B — Ky on the fourth generation model parameters for the
decay of interest is studied, when K* meson is longitudinally or transversely polarized
using the results of the Light-Cone QCD sum rules for estimating form factors. Finally, a
brief discussion of the results is given.

2. Effective Hamiltonian

In the Standard Model (SM), the process B — K*vi7 is described at quark level by
the b —» svv transition, and receives contributions from Z-penguin and box diagrams,
where dominant contributions come from intermediate top quarks. The effective
Hamiltonian respons1ble for b—>svy decay is described by only one Wilson
coefficient, namely Cl(l M) , and its explicit form is [8]:



* *
Rare B — K vV Decay with Polarized K inthe ... 85

G,:a

——C oM )\/t*vtb 5_7 (1- 75 )t
27242 sin’ e, ! ° # M

Hets =

where Gy is the Fermi coupling constant, a is the fine structure constant (at the Z mass

scale), and Vt:th are products of Cabibbo-Kabayashi-Maskawa matrix elements. In Eq.

(1), the Wilson coefficient Cl(fM) in the context of the SM has the following form

including O(eag) corrections [9]:
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At p=m;, the QCD correction for X;(X) term is very small (around ~3%).

From the theoretical point of view, the transition b — svv is a very clean process, since
it is practically free from the scale dependence, and free from any long distance effects.
In addition, the presence of a single operator governing the inclusive b — svi
transition is an appealing property. As has been mentioned in the introduction, no new

operators appear, and clearly the full operator set is exactly the same as in SM, thus the

fourth generation fermion changes only the values of the Wilson coefficients Cl(lSM) via
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virtual exchange of the fourth generation up quark t',i.e.:

VoV oo
C151M4(”):C1(ISM)(”)+ t*s tbc( )(”)
ViV )

where C(new)( ) can be obtained from CI(ISM)(,u) by substituting m; — my, and the

last terms in these expressions describe the contributions of the t' quark to the Wilson
coefficients. Vg and Vi are the two corresponding elements of the 4 x 4 Cabibbo-
Kobayashi-Maskawa (CKM) matrix. In deriving Eq. (5) we factored out the term Vt:th

in the effective Hamiltonian given in Eq. (1). As a result, we obtain a modified effective
Hamiltonian, which represents b — sviv decay in the presence of the fourth generation
fermion:

(6)

GFCC

Hef =————
272 sin? 6,
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However, in spite of such theoretical advantages, it would be a very difficult task to
detect the inclusive b — svv decay experimentally because the final state contains two
missing neutrinos and many hadrons. Therefore, only the exclusive channels,

namely B — K*(p)v17, are well suited to search for, and constrain for possible” new
physics” effects. In order to compute B — K W decay, we need the matrix elements of

the effective Hamiltonian Eq. (6) between the final, and initial meson states. This
problem is related to the non-perturbative sector of QCD, and can be solved only by

using non-perturbative methods. The matrix element < K*‘Heﬁ‘B> has been

investigated in a framework of different approaches, such as chiral perturbation theory
[10], three-point QCD sum rules [11], relativistic quark model by the light front
formalism [12], effective heavy quark theory [13], and light cone QCD sum rules [14,
15]. To begin with, let us denote by Py and Pk » the four-momentum of the initial and

final mesons, and define q=Pg —Pg+ as the four-momentum of the vv pair, and
X=Epjss /Mp the missing energy fraction, which is related to the squared four-
momentum transfer g by: g% = M é l2x—l+ ré*J, where IK*=My«/Mpg with Mg,
My« being the initial and final meson masses. The hadronic matrix element for the

B — K'vi7 canbe parameterized in terms of five form factors:
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where € (h) is the polarization 4-vector of K * meson. The form factor Aq (qz) can be
written as a linear combination of the form factors A; and Ay :

®)

A(@D) =5 (M + M)A (%) - (M - M)A (@)

with a condition A (q2 =0)= Ao(q2 =

From these form factors, it is easy to derive the missing energy distribution
corresponding to the helicity h=0,+1 of the K * meson:

2
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From Egs. (9) and (10), we can see that the missing energy spectrum for B — K*vw
contains three form factors: V, A and A, . In this work, in estimating the missing energy
spectrum, we have used the result of [16]:
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Fql)=—
@ 1-ag @2 /M3 an

and the relevant values of the form factors at q2 =0 are:
AP~ (@% =0)=034£0.05 with ap =0.6, and bp =-0.023 (12

AP (% =0)=0.28+0.04, with ap =1.18, and bp =0281 (13
and

VBoK* (g2 =0)=0.46+0.07, with ag =1.55, and bg =0.575 (14)

Note that all errors, which come out, are due to the uncertainties of the b-quark
mass, the Borel parameter variation, wave functions, and radiative corrections are
quadrature added in. Finally, to obtain qufntitative results, we need the value of the
fourth generation CKM matrix elements VpgVyy . For this aim following [17], we will
use the experimental results of the decay BR(B —>*XS 7) together with BR(B — X evy)
to determine the fourth generation CKM factor Vy¢Vyy, . However, in order to reduce the
uncertainties arising from b-quark mass, we consider the following ratio:

BR(B = X¢)

R =
Wark “'BR(B — Xe7%) (15)

In the leading logarithmic approximation, this ratio can be summarized in a compact

form as follows [18]:

’V*V ‘2

tsVtb 2
ba ‘C SM4(m )‘

R S Wit E
quark [Vcb|2 #(2) 7 (16)

where

f(z)=1-82 +82°-z%-1222In(z) with z (17)
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The phase space factor is in BR(B — X eV,), and o = e? /47 . In the case of the fourth
generation, there is an additional contribution to B — Xy from the virtual exchange of

the fourth generation up quark ’t. The Wilson coefficients of the dipole operators are
given by:

VARV
CN 4 (my) = C3Y (my) + L5710 1% (my) (18)
tsVtb

where C?%W(mb) represents the contributions of 't to the Wilson coefficients, and VthVt'b
are the fourth generation CKM matrix factor which we need now. With these Wilson
coefficients and the experiment results of the decays BR(B — Xgy)=2.66x 107 ,
together with the semileptonic BR(B — X ev,)=0.103 i 0.01 [19, 20] decay, one can
obtain the results of the fourth generation CKM factor VigVyy, , wherein, there exist two
cases: a positive, and a negative one [17]:

unark r\/cb|2 f(2)

. 2
6a ’Vtthb ‘

VisVib
new
C3"™ (my) (19)

VpVep) ™ =| % —Cc™) (my)

The values for VthVt'b are listed in Table 1 [7].

Table 1. The numerical values of Vt*-svﬂ, for different values of m for BR(B— X,y) =2.66x10"

my: (GeV) 50 100 150 200 250 300 350
(Vi V)t /102 -11.591 -9.259 -8.126 -7.501 -7.116 -6.861  -6.580
VoV, ) /103 3.564 2.850 2.502 2.309 2.191 2113 2205
m,. (Gev) 400 500 600 700 800 900 1000
(V'V.)" 1o 6.548 -6.369 -6.255 -6.178 -6.123 6.082  -6.051
2 -

. - 2.016 1.961 1926 1.902 1.885 1872 1.863
V.V, 710
3
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A few comments about the numerical values of (\/{;Vt-b)ir are in order. From
unitarity condition of the CKM matrix we have:

* * * *
VusVub +VesVeb +VisVin +VisVin =0 (20)

If the average values of the CKM matrix elements in the SM are used [19], the sum of
the ﬁrst three terms in Eq. (20) is about 7.6 x 1072, Taking into consideration the value
of (Vp th b) and from Table 1 [7], we observe that the sum of the four terms on the
left-hand side of Eq. (20) is closer to zero compared to the SM case, since (Vy th b)( ) s
very close to the sum of the first three terms, but w1th opposite sign. On the other hand,
if we consider (Vp th b) , whose value is about 1073 , which is one order of magnitude
smaller compared to the 2prev10us case, the error in the sum of the first three terms in Eq
(20) is about £0.6x10"~ . Therefore, it is easy to see then that the value of (Vp th b))~
within this error range. In summary, both tthb) nd (Vts fip)~ satisfy the umtarlty
condition of CKM, moreover, |V th p)| <107 Ty (Ve th p)| . Therefore, from our
numerical analysis one cannot escape the conclusion that the L;‘Svt,b) contribution to
the physical quantities should be practically indistinguishable from SM results, and our
numerical analysis confirms this expectation. We now go on to put the above points in
perspective.
3. Numerical Analysis

In order to 1nvest1§ate the sens1t1V1ty of the missing- energy spectra, and branching
ratios of rare B— K vvand B —> KT vy decays (where KL, and KT stand for
longitudinally and transversely polarized K *—meson, respectively) in SM4, the
following values have been used as input parameters:

Gr =1.7x107°GeV 2, a=1/137, m, =5.0GeV , Mg =5.28GeV , ’\/{;vtb‘ =0.045,
Mg x=0.892GeV , and the hfetlme is taken as T(Bd)—l 56x10~ 12 [20] Also, we
have run calculatlons of Egs. (9) and (10) adopting the two sets of (Vy th b) in Table 1
[7]. We present our numerical results for the missing-energy spectra, and branching
ratios in series of graphs. In Figs. 1-4, we show the mlssmg energy distribution to the
dleca}y dBR(B - K vv)/dx and dBR(B — KT vv)/dx as functions of x
———<X<1-rg«, for my =250GeV and mp =350GeV . It can be seen there that
whén Ve th b takes positive values, i.e. t*th ) , the missing energy spectrum
almost overlaps with that of SM. That is, the results in SM4 are the same as that in SM
But in the second case, when the values of Vp thb are negative, i.e. (Vp thb) he
curve of the missing energy spectrum is quite different from that of the SM. This can be
clearly seen from Figs. 1-4.
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Fig. 1. The dependence of the differential of the BR of the decay B — K'vv onthe missing-energy
fraction x at fixed value of m;» =250 GeV when K *is polarized longitudinally.
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Fig. 2. The dependence of the differential of the BR of the decay B K'vv on the missing-energy
fraction x at fixed value of m;» =350 GeV when K* is polarized longitudinally
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Fig. 3. The dependence of the differential of the BR of the decay B — K'vv  on the missing-energy
fraction x at fixed value of m;» =250 GeV when K * is polarized transversely.
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Fig. 4. The dependence of the differential of the BR of the decay B — K'vv on the missing-energy
fraction x at fixed value of m;» =350 GeV when K * is polarized transversely.
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The enhancement of the missing energy spectrum increases rapidly, and the
missing energy spectrum of tlle K * meson is almos*t symmetrical. In Figs. 5 and 6, the
branching ratio BR(B — K vv), and BR(B — Ky vv) are depicted as a function of
my . Figures 5 and 6 show that for all values of my >210GeV the values of the
branching ratios become greater than SM. The enhancement of the branching ratio
increases rapidly with the increasing o*f m . In this case, the fourth gener@ktion effects are
shown clearly. The reason is that (VygVyy)™ is 2-3 times larger than ViVy, so that the
last term in Eq. (5) becomes important, and it depends on the ' mass strongly. Thus,
the effect of the fourth gene£ati0n is sigkniﬁcant. Whereas in our approach, the
predictions for the ratio B - K v/B — Kyvv , as well as the transverse asymmetry

Ar,

_Br(B > Kp_v)-Br(B > Kp_,vv)

T Br(B > Kp_ i) +Br(B > Kp_, vi)

21

are model-independent.

14 T T T T T
12+ .
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Fig. 5. The dependence of the differential of the BR of the decay B—K'vw on the fourth up-like
quark mass m¢ when K* is polarized longitudinally.
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Fig. 6. The dependence of the differential of the BR of the decay B — K'vv on the fourth up-like quark

mass mg when K* is polarized transversely.
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