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Abstract Based on the low-energy effective Hamiltonian with generalized QCD factorization, we calculate
the new physics contributions to B — ¢K*° polarization anomaly and Bq — $Kgs C'P asymmetry induced
by the neutral Higgs bosons H°, h® and A° of the two Higgs doublet model III. Within reasonable ranges of

parameters, simultaneous solutions to the anomalies of the two processes give out 147 < |ApsAss| < 165. It will

be really interesting in searching for the signs of new physics.
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1 Introduction

Looking for the signals of new physics (NP) be-
yond the Standard Model (SM) is one of the most im-
portant missions of high energy physics. The study of
B physics is of great importance for testing indirect
signals of new physics. In this respect, SLAC and
KEK are doing a commendable job by providing us
with a huge amount of data on various B-meson de-
cays. Most of the experimental measurements are in
perfect agreement with the SM. However, there still
exist some puzzles observed in exclusive B-meson de-
cays. Such as the abnormally small longitudinal po-
larizations fractions in By — ¢K*° decay ® and the
anomaly in the time-dependent C'P asymmetry Sykq
for B4 — ¢Kg decay”flo]. Confronted with these
anomalies, we are forced not only to consider more
precise QCD effects, but also to speculate on the ex-
istence of possible new physics.

The recent experimental results for the longitudi-

nal polarizations fractions in BY — ¢pK*° decay are
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given as

fi = 0.524+0.05+£0.02 BARBAR!,
fo = 0.45+£0.05+0.02 Belle!”, (1)
fi = 0.574+0.10£0.05 CDF®.

The CP asymmetry for the By — ¢pKg decay is
given as
S‘bKS - 019i032,

- (2)
Agpis = 0.12£0.20 Belle”,

Agke = 0.00+0.2340.05 BaBar®.

Sex. = 0.50+£0.25+997
dKg 0.04 (3)

It is well known that the flavor changing neutral
current (FCNC) processes arise only from loop ef-
fects within the SM. Since B§ — ¢K*° and By — ¢Ksg
decays are the b — 8s§ pure penguin process, they
could be used as effective probes of NP scenarios.
Especially, using PQCD approach, the abnormally
small longitudinal polarizations in B — ¢pK*° de-
cay in the two Higgs doublet model (2HDM) III

have been studied™. Moreover, the solution to the
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anomaly in the time-dependent C'P asymmetry Sykq
for By — $Ks decay is also discussed by Ref. [10]. In
this paper, we use QCD factorization approach[G] and
try to provide simultaneous solutions to the abnor-
mally small longitudinal polarizations in B§ — ¢pK*°
decay and the anomaly in the time-dependent CP
asymmetry Sykg for B4 — ¢pKg decay within the rea-
sonable parameter space of the 2HDM III.

2 The general characteristics of
2HDM III

One of the most popular extensions of the SM is
the so-called two Higgs doublet model, which has two
complex Higgs doublets instead of only one in the SM.
The cases of the same or the two different Higgs fields
to up- and down-type quarks are called model 1 or
model II. While in 2HDM III, both the doublets can

couple to the up- and down-type quarks[ll’ 12l
Generally we can write down Yukawa Lagrangian

for model I3
Ly = UZQ@LJM U;r+ WZQi,Ld)le,R +
ngi,LQBzUj,R+§5Qi,L¢2Dj,R+h-C- ;o (4)

where ¢;(i = 1,2,) denote the two scalar doublets,
br2 =170} 5, Qi With i=(1,2,3) is the left-handed
fermion doublet, U; g and D; g are the right-handed
singlets. @Q;,U;r and D, r are all weak eigenstates,
which can be rotated into mass eigenstates. While
nYP and £Y'P are generally the non-diagonal matri-
ces of the Yukawa coupling.

One can express ¢; and ¢, in a suitable basis such
that only the first doublet generates all the gauge-

boson and fermion masses, i.e., such that

0
<¢1> = L )
V2

The two doublets in the basis then have the form

(L) (&)
v+ Y iG°

bm =V
V2 \ gt )

where G%* are the Goldstone bosons that would be

(¢2)=0. ()

¢1:

)

eaten away in the Higgs mechanism to become the
longitudinal components of the weak gauge bosons.
H* and A° are the physical charged Higgs boson and
C'P-odd neutral Higgs boson, respectively. x? and x5
are not the neutral mass eigenstates but linear com-
binations of the C'P-even neutral Higgs boson mass

eigenstates H° and h°
X} = H°cosa—h’sina, (7)
X3 = H’sina+h°cosa, (8)

where « is the mixing angle, the advantage of choos-
ing the basis is no couplings of the form x5ZZ and
XoWTW~—.

After the diagonalization of mass matrix of the

fermions fields, the Yukawa Lagrangian becomes

Lo = ﬁgQi,Léf;1Uj,R +ﬁ5@i,L¢1Dj,R +

éZQi,LQI;ZU]‘,R +é£@i,L¢2Dj7R +h.c. (9)

where Q; 1, U;r, and D; g denote the fermion fields

which are in mass eigenstates and

V2

UM (VLU’D)fl’WU'D’Vrg’D:T

MY (10)
éU,D _ (VLU,D)A{U,D.V#D ' (11)

VLI,}’RD are the rotation matrices acting on the up-
and down-type quarks, with left or right chirality, re-
spectively. Voxm = (ViY)TVP is the usual Cabibbo-
Kobayashi-Maskawa (CKM) matrix. From Eq. (9),
one can see that the matrices VP allow scalar-
mediated FCNC, and in the quark mass basis only
the matrices 7V-2 are diagonal, but the matrices £V-P
are in general not diagonal.

£UP contain the FOCNC couplings. In

[13]

The matrix
this paper, we use the Cheng-Sher relation

m;m;

UD _
gij —/\ij T ) (12)
by which the quark-mass hierarchy ensures that the
FCNC within the first two generations are naturally
suppressed by the small quark masses, while a large
freedom is allowed for the FCNC involving the third

generations.
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3 Polarization anomaly of By — ¢K*°

decay

In SM, the analysis of the B — ¢pK*° decay can be
performed in terms of an effective low energy theory

with the Hamiltonian!*"

G 10
— 5 Vi) GO (13)

=3
The amplitude for the decay can be written as
Gr
\/_

SM
Hcff -
(6]

Ay ==LV Viar ($K0) X BK"e) (14)

where

XD (g]53,510) (K159 (1 =)0 B) =

lf‘bM‘b E’{ 'E; (MB +MK*0)A1 (Mdzj) —
24,083)
MB +MK*U

2V (M)
MB MK*O

(e1+Ps)(e3-Ps)

*U [e%
i€ vapes’ el PSP

, (15)

and ay(dK*?) is the effective coefficient which de-
pends on the factorization approach.

Since B meson is a pseudoscalar, the final two
vector mesons must have the same helicity. In the
helicity basis, taking the ¢(K*°) meson flying in the
minus (plus) z-direction and using the sign conven-

0123 _

tion € —1, the amplitude can be decomposed

into three helicity amplitudes

Gy if,
Hy= * o
V2 75 whia WMo

{(MQ M2,,—

o(K™)

M;)(MB“FMK*O)Al(Mi)_

AMp? Ay (M)
MB+MK*O ’

Hi_ IG

7

{(MB + Mygeo) Ay (M2) F

VibVitas (GK*0) My, fo %

2Mgp.
2 V(M3
Mt Mo ” o)

where

_ VIME — (Miceo + My *[M§ — (Mico — My )?]
be M ’
(17)
denotes the center of mass momentum of the meson

¢ or K** in the Bf rest frame.

(16)

Then the branching ratio is written as

B.= gy (HoP + [P+ HP) - (19)
and the longitudinal and the transverse polarization
rates are

fo= Do Lty
A
Iy |H >+ |H_?

fr= =

I [Ho*+[H 2 +[H_[?

FCNC processes could happen at one loop level in
the SM, but are suppressed by the GIM mechanism.
The discrepancy between the SM result and the B
factory data indicates the presence of NP which may
enter through new FCNC processes arising at the tree
level.

In this paper, we only consider fermions couplings
with the neutral gauge bosons H°, h°, and A° in the
2HDM III. The FCNC part of the Yukawa Lagrangian
could be!'" !

Hsina+h°cosa

ZY,FCNC = - \/§

{plewyamaréria-na|n}-

iA°

\/— { [fD (1+75) — éDT%(l_%)} D}_
M(Hocosa—hosina)DMDD, (20)
where « is the mixing angle, D represents the mass
eigenstates of down-type quarks. We only consider s
quark in this paper. £ is defined by Eq. (11).

The effective Hamiltonians of the b — 8s§ tran-
sition mediated by the H°, h°, and A° are given by,

respectively

;/]_Wcj SlIl Mg/

HY =
{/\SS/\;S(@ +O09)+ N Aps (0L + og)] , (21)

V2Gk
2MZ,

o _
Hcff__

cos? ams/mpms X
{/\SS)\]’SS (O740g) + N2 s (05 + Og)] , (22)

o V2Gr

= mpmg X

Hes 2M2 s

[/\SS/\;;S(@ +0Og) + A2 As (07 + Og)] , (23)
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where the constant term, and the coefficients of
Ass(AL), Aps(Af,) terms which are 100 times smaller
than the coeflicients of A\ysAf,, Af Abs, SO we have ne-
glected them in the upper Eqs. (20—22). HY' | HY),
and Hé}; have the same operators O; and Oy as in
the SM effective Hamiltonian, O, and Oy are new

operators

0/7 = ((_IQ)VfA(BS)V+A; Oé = ((_IQ)V+A (BS)V+A7 (24)

the hadronic matrix elements of these operators are
calculated up to the a, order using the QCD factor-
ization approach in this paper. For convenience, we
[Anse™®.

The additional contributions to the SM Wilson
coefficients at the My scale are

\/—Ith Vil

Vio Vts
COS™ «x

sin® o 2 )
M le'? =
(MﬁﬁM? +MZ)' ©

sin? o cos2 o 1
—Ma/ M X
my ( M2 + MiO)

assume that A is real, and A\p,s =

AC'7 - Acg

|AbSASS|eii¢ . (25)

The new operators contribution to the Wilson co-

efficients at the My scale are

AO/ AO/ =m \/—|‘/tb t>|

thVts
2 2
sina  cos?a .
Aps A |e'? =
(Mfm i )bt
s1na cos? o 1
— M/ X
my ( M2 +M§0>

|)\bs)\ss|ei¢ . (26)

We neglect the renormalization group running be-
tween My and Myo, Myo, Mao. The full description
of the running of the Wilson coeflicient from the M
scale to my, can be found in Ref. [14]. We only re-
peat the directly relevant steps. The renormalization
group equation for the Wilson coefficients C'

T C =" (@Cw). (21)
can be solved with the help of the U matrix which

describes the QCD evolution

Cp)=

where 7% (g) is the transpose of the anomalous dimen-

sion matrix v(g). With the help of dg/dlnu = 5(g),
U obeys the same equation as C(u). As for the ACy
and ACy, one can get their anomalous dimensions to

the first order in «y

Qs (0 _ % —6/N 6 9
) 471( 6 /N ) (29)

and for the AC; and ACY;, we have the opposite

V(o) =

anomalous dimension matrix.

We get the total decay amplitude

Hy = H$M + Hye, (30)

where H}*" denotes the contributions from H°, h°,
and A°.

Taking into account the constrains on parame-
ters from experimental data and theoretical limits,
we take the NLO Wilson coefficients evaluated at
the scale of p = mb[M], the decay constants fg =
0.216GeV, fy = 0.231GeV and the form factors of
16171 The integral of B

meson light-cone distribution amplitude can be pa-
(18]

light-cone QCD sum rules

rameterized as

1
M,
0 3 Ap
and we take Ag = 0.35GeV in our calculations.

The logarithmic and linear divergences may be phe-

nomenologically parameterized as!'® 19

Jl d’y MB Jl dy MB
Y_omZe | Yo
0 0

= , = , 32
Yy Ah y2 Ah ( )

with A, =0.5GeV.
The parameters in the 2HDM III can be taken

MHO = 150G6V, Mh() = 115GeV, MAO =

s
asazz,

120GeVEY

combining the theoretical formulas and input param-

Considering the NP contributions and

eters, the amplitude of B — ¢K** decay depends
only on two parameters |[A\psAss| and ¢. We can put
constraint on the possible regions for the two NP pa-
rameters from the measured branching ratio and the
longitudinal polarization of the B} — ¢K** decay.
Considering the branching ratio at 20 and the longi-
tudinal polarization at 1o, we give the contour plots
for branching ratio and the longitudinal polarization
having |ApsAss| as a function of the new phase ¢ in
Fig. 1.
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Fig. 1. The solid curves are the contour plots
for Br = (9.540.9) x 1075 within 20 and the
dashed curves for fr, =0.4940.04 within 1o.
The central curves are for the central values
of Br and f1,, respectively.

From Fig. 1, the experimental values of the
branching ratio and the longitudinal polarization for

BY — ¢K*? decay can be obtained simultaneously in

the overlapped regions, which are
147 < | ApsAss| < 176. (33)

In Ref. [11], B°~B? mixing points out that the Ap,
coupling may not be small, it can be somewhat bigger
than one, which is a lower bound. The A, coupling
can be as large as O(100), we find that this param-
eter space is reasonable. If the recent experimental
measurements on the polarization anomaly are credi-
ble, comparing the former constrains to the coupling

parameters, we also obtain more stringent bound.

4 CP asymmetry for B4 — ¢Kg decay

In order to calculate the contributions on CP

asymmetry for the By — ¢Kg decay, we take
Sd)Ks :040i020, Ad)Ks :007i015, (34)

which are the average value of Belle and BARBAR
measurements in Eq. (2) and Eq. (3).

We adopt the QCD factorization for B — pvil
the decay amplitude By — ¢pKjg is

%p_ZMApa<¢Ks><¢|m|o> x

(Ks|$7"(1F75)b|B) =

—iv2Gr Y Aa(dKs) x

p=u,c

foMyFY™ (MG)(e™Ps),  (35)

A(Bd — d)Ks) =

where a($pKs) is the effective coefficient.
The branching ratio of B4 — $Kg decay in the B
meson rest frame can be written as

TBPc
B, =
8mM3

A(Bq — ¢Ks)|*, (36)

where

o= VMG — (Mg + My )?][M3 — (My, — My)?]
c Mg ;
(37)

denotes the center of mass momentum of the meson

¢ or Kg in the By rest frame.
For the By — ¢Kg decay, the time-dependent C'P

asymmetry is

_ I(B°(t) —» ¢Ks) —I'(B°(t) — $Ks)

@oks = T(BO(t) — pKs )+ I (BO(t) — pKg)
Aypig cos(AMp, t)+ Sy sin(AMg t), (38)

where the direct and the indirect C P asymmetry pa-

rameters are given by, respectively

|)\¢K |2 — 1 21m[A¢K ]
A = LM o 5 S == Sm———EY . 39
$Kg |)\¢KS|2+1 $dKg |)‘¢Ks|2+1 ( )
The parameter A\yk is defined by
ViVia VeV fl(d)Ks)
A = th 7t o, 40
dKs = TpKg Vo Vi, ViV A(dDKs) > ( )

where 74k, = —1 is C'P eigenvalue of the ¢pKg state.

Considering the left-handed and right-handed fla-
vor changing couplings from the contributions of H°,
h°, and A°, the additional contributions ACy;y and
AC§ ;) are the same as in the By — ¢K* decay.

In the QCD factorization approach, we use the
same input parameters as the process of B§ — ¢K*°
decay, and get the |\ As| — ¢ relations from the con-
tour plots for the branching ratio and the C'P asym-
metry in Fig. 2.

Combining the constrains from the branching ra-
tio for By — ¢pKg decay at 20 and both A4k, and

Sexs at 20, we find that the allowed regions are

140 < |ApsAes| < 165,
120 < |Apses| < 145, (41)

60 < |ApsAss| < 85.
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[Apshss] (X107

/(")

The solid curves are the contour plots

Fig. 2.
for the current world average value Br =
(8.3712) x 10°° within 20", the dashed
curves and dotted curves are for the current
experimental results S¢xg = 0.40 £0.20 and
Apxg = 0.07£0.15 within 20, respectively.
The central curves are for the central values
of branch ratio, S¢xg and Apkg, respectively.

5 Summary

In summary, in this paper we study the polar-
ization anomaly of the B — ¢$K*® decay and the
anomaly C'P asymmetry Sek, for B4 — ¢Kg decay
in the 2HDM III. We consider the additional con-
tributions from the neutral gauges boson H°, h°, and
A° which induce the FCNCs at the tree level. The ef-
fective Hamiltonian HY , H, and HZ; include some
new operators which do not exist in SM. As some op-
erators in SM, the hadronic matrix elements of the
new operators have been calculated up to the o or-

der using the QCD factorization approach. We select
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