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We study the effect of b — s3s scalar/pseudoscalar operators in B — Kn"), ¢K* decays. In the
minimal supersymmetric standard model (MSSM), such scalar/pseudoscalar operators can be induced by
the penguin diagrams of neutral-Higgs bosons. These operators can be Fierz-transformed into tensor
operators, and the resultant tensor operators could affect the transverse polarization amplitudes in B —
¢ K* decays. A combined analysis of the decays B — ¢K* and B — K1, including b — s5s scalar/
pseudoscalar operators and their Fierz-transformed tensor operators originated from the MSSM, is
performed. Our study is based on the following: (1) Assuming that weak annihilations in B — ¢K*
are negligible and the polarization puzzle is resolved by Fierz-transformed tensor operators, it results in
too large coefficients of scalar/pseudoscalar operators, such that the resulting B — K75 branching
fractions are much larger than observations. (2) When we take the weak annihilations in B — ¢K*
into account, the polarization puzzle can be resolved. In this case, new physics effects are strongly

suppressed and no more relevant to the enhancement of the transverse modes in B — ¢K* decays.
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I. INTRODUCTION

_ Recent experimental results for polarization fractions in
B~ — $(1020)K*(892)*~ are

0.506 = 0.040 £ 0.015 BABAR[1]

fL(B°— ¢K*0)=1045£005+0.02  Belle[2] ,
0.57=0.10£0.05  CDF[3]
0.227 +=0.038 =0.013 BABAR[1]

fL(BY— ¢K) = 10317006 +0.02 Belle [2]
0.20*=0.10+£0.05  CDF[3]

0.49 +0.05 = 0.03 BABAR [4]

B~ — $pK*) =
fil $K) {0.52i0.08i0.03 Belle [2]

) 0.21 +0.05* 0.02 BABAR [4]
f1(B"—¢)=
0.19 =0.08 £ 0.02 Belle [2]
Here, the polarization fractions f, (A =1L, ||, 1) are

given by f, = |A31/3 5—1 . 1|A,|? with polarization am-
plitudes A; = Ay, A, and A being longitudinal, parallel,
and perpendicular modes in the transversity basis, respec-
tively. Experimental results show that f; ~ 0.5 and f| ~
fj- On the other hand, the power-counting estimate in the
standard model (SM) tells that the longitudinal mode is
dominant [5]. In the SM, the QCD factorization (QCDF)
calculation yields [5] f:f):f1L = 1 — O(1/m3):0(1/m3):
O(1/m?). The experimental results largely deviate from
the intuition in the SM. Similar discrepancies have been
observed in penguin-dominated B=° — p=9K*0 decays
[6,7]. These discrepancies are referred to as the polariza-
tion puzzle/anomaly in B — V'V (where V denotes a vector
meson) decays.

Solutions to the puzzle have been discussed within or
beyond the standard model [5,8,9]. The recipe of fine-
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tuning form factors is proposed in [10]. Effects of final-
state interactions are discussed in [11,12]. Sizable annihi-
lation effects are considered in [13—15]. As discussed in
[14], the magnitude of annihilation correction is of
O[1/m3log*>m,,/ A, ]. Furthermore, the effect is destructive
to longitudinal, and constructive to transverse modes. Thus
we may resolve the polarization puzzles by introducing
annihilation effects. We note that, however, the perturba-
tive QCD (pQCD) yields f; = 0.75 even with annihilation
effects [8].

The b — sg (where g denotes a gluon) operator, which
enhances the transverse components, was discussed in
[16]. However, it was found [13,17] that the contribution
due to the operator mainly affects the longitudinal mode.

As for the solutions of the puzzle, the effects of NP-
induced tensor operators are discussed in [17] and right-
handed currents §y*(1 + y5)bgy,(1 = ys)q are in [18-
20]. Because the right-handed currents may decrease the
magnitude of |Ay| and increase |A| |, it can explain the
ratio |A /Ay|. However, the resulting |A)| << |A )| [18] is
in contrast with the data |Ay| ~ [A_|.

New physics (NP) contributions to B — ¢K* decays
due to b — s§s tensor operators, first mentioned in [13],
are systematically discussed in [17], and later the idea is
applied to B — pK* by considering the 4-quark tensor
operators related to the processes b — sdd and siiu [21].
In the helicity basis,! four-quark tensor operators have
leading effects to H__ (or H, ), but subleading to H .
The possibility of solving the B — ¢K™ polarization
puzzle by using four-quark tensor operators is extensively
studied in [14,17] and further investigated in [22—-26].

1Amplitu_des in the helicity basis and the transversity basis are
related by Ag=Hoo, Ay = (H v + H-_)/\2,A, = —(H, —
V2
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In [17] the general approach of resolving the polariza-
tion anomaly of B — ¢ K™ by using four-quark NP opera-
tors is studied. There are two types of NP operators which
are relevant to solve the polarization anomaly. They are
tensor operators with o, (1 = ys) ® o*”(1 = ys) struc-
ture. The tensor operator o, (1 + ys) ® o*”(1 + s) re-
sults in Hyy:H__:H,, = O(1/m,):0(1): @(l/mb) while
01— vs5)® (1 — ys5) leads to Hyp:H__:H,, =
O(1/my,):0(1/m2):0(1).

The decays B — PP (where P denotes a pseudoscalar
meson) are sensitive to scalar/pseudoscalar four-quark op-
erators whereas B — V'V are sensitive to tensor operators.
Furthermore, it is known that scalar/pseudoscalar and ten-
sor operators are not independent; scalar/pseudoscalar op-
erators can be Fierz-transformed into tensor operators and
vice versa. Therefore, the combined analysis of scalar/
pseudoscalar and tensor operators for B— PP and B —
VV modes will give more severe constraints about NP
scalar/pseudoscalar and tensor operators.

In this paper we focus on the b — s§s decay processes.
We consider the scalar/pseudoscalar operators induced by
Higgs penguin diagrams of the MSSM neutral-Higgs bo-
sons (NHB) [26—-30], while the tensor operators which are
obtained from scalar/pseudoscalar operators by the Fierz
transformation. In this NP scenario, such tensor operators
contribute to the transverse polarization in B — ¢ K™ de-
cays, whereas original scalar/pseudoscalar operators can
affect B— K7 decays. We study the consistency of both
modes to see the validity of the scenario. One should note
that this NP effect is further suppressed by m,/m, in the
b — sgq channel (with ¢ = u or d) as compared with b —
s5s. Although the recent observations of the sizable trans-
verse fraction in B — p=9K*0 decays may hint at large
annihilation effects, the present study for decays B — ¢K*
and B — K7 can offer more severe constraints on the NP.

The organization of the present article is as follows: In
Sec. II, we summarize the formulation of MSSM-NHB
scalar/pseudoscalar operators and its contributions to B —
Kn" and B — ¢K* decays. In Sec. III, we numerically
analyze the decays for B— K7n") and B— ¢K*.
Section IV is devoted to summary and discussions.

II. FORMULATION
A. SM and NP operators
In the SM the effective Hamiltonian relevant to B —

Kn" and B — ¢K* decays is given by

Y = %[ SV Virler (0% () + ex(1)04(1)
q=u,c

10

=V Vis Z ci(u)Oi(p) + c7, ()07, (1)
i=

+ cgg(u)ogg(m} + He., )
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where the operators O, _ o are four-quark operators. Oy,
and Og, are electromagnetic and chromomagnetic dipole
operators, respectively. u is the renormalization scale. V
and V,; (¢ =u, c, 1) are elements of the Cabibbo-
Kobayashi-Maskawa (CKM) matrix. The b — s5s four-
quark NP effective Hamiltonian is given by

26

Vs 3
\/——(va )thC(M)O () +He, ()

where O; and ¢; (i = 11, ..., 26) are four-quark NP opera-
tors introduced in [17], and corresponding Wilson coeffi-
cients,” respectively. Explicit forms of O, (i = 11, ..., 26)
are shown in the following:

(i) right-handed current operators

011 = 5¥ (1 + y5)boSgy*(1 + ys)sg,

O12 = 50 ¥u(1 + y5)bpsgy*(1 + vs)s,,

NP _
"]_[ eff —

' ] 4)
O13 = 5,¥,(1 + ¥5)b5gy*(1 — v5)sp,
O14 = 50¥u(1 + v5)bpsgy*(1 = ¥s)sa,
(i1) scalar/pseudoscalar operators
O15 = 5,(1 + y5)ba55(1 + y5)sp,
O16 = Sa(l + ¥5)bp3p(1 + ¥5)s4,
017 = 54(1 = ¥5)ba55(1 = ¥s)sp
O18 = 341 = ¥5)bp3p(l = ¥5)s4 5)
019 = 5,(1 + ¥5)bo55(1 — vs)sp,
029 = 5,1 + y5)bgig(1 — vs)sq,
031 = 5,(1 = y5)b,55(1 + y5)sp,
02 = 5,(1 = y5)bgsg(l + ¥5)s,,
(iii) tensor/axial-tensor operators’
O3 = 5404, (1 + ¥5)bo 3t (1 + v5)sp,
Oy =5 O'M(l + ¥5)bgSpot (1 + ¥5)sa ©)
O35 = 5,0,,(1 = ¥5)b, 5507 (1 — y5)sp,
026 = 540 ,,(1 = ¥5)bgSgat" (1 — y5)s,.

Since B— PP (B — VV) decays are not sensitive to the
factorized tensor (scalar/pseudoscalar) b — s5s operators,
it is a good approximation to use O; with i = 1,...,22
(i=1,...,14,23,...,26) for B— PP (B— VV). Some
of these NP operators are not independent, and can be
related with each other by the Fierz transformation:

’In [17], CKM factors and Wilson coefficients are not
seg)arated.
ol E vs)at? (1 + vs) type operators O; (i = 27,...,30)
in [17] are found to vanish.
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O = _%014, Oy = _%013: 0, = _%06,
0y, = —30s, Oy = =405 — 805,
024 = =805 — 4045, 05 = —4017 — 8013,
Oy = —8017 = 4043. (7)

Because of the Fierz transformation, we can introduce
modified Wilson coefficients ¢;, which are defined by

S = _1
Ci = Ci ™ 5Cj

with (i, ) = (5,22), (6, 21), (13, 20), (14, 19),  (8)

and

C1s C1s C17 c17

?16 y 016’ ?18 _ oyl s

€23 €23 €25 €25

Coy Co4 C26 C26
1 0 —4 -8

, 0 1 -8 —4

with M = IR 0 )
4k oo

Thus we can replace the Wilson coefficients by the effec-
tive ones:

{ei ¢} i=1...,47...,12,15,...,18,
' (10)
j=15,61314
for B — PP decays, and
{Ci’Ej} i=1,...,4,7,...,12,
an

j=15,6,13,14,23,..., 26,
for B — VV decays, so that the decay amplitudes can be
simplified.
B. B — K1) decay amplitudes

In the SM, B — K7 decay amplitudes are given by
[31]

A(B g kn(/)) == Z VphV;ST;)?”I](/)’ (12)
p=u,c
where
\/—Tp B (/) = Akﬂg)[épuaz + 2a’§ + %af{EW + 2B§3]

+ \/EA— 20[8puB2 + af + ol —1af .y
— 3w + BY + Bhpw + B

+ \/—Aknﬁ.”[apcaZ + af]

+ A ogldpular + Bo) + af

+ag gy + BY + Byl (13)
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p = P 1.p P
\/—2-TB°—»K07](” = Al?ng)[apuaZ + 2a3 + 303 + 2,853]
+ V245, o[l + af —1af oy
1 ppP p
0‘4 ew T B% Biew + Bs;]

+ \/_Akny)[Spcaz + aé’] + A‘ﬂf,/)k[af:
1.p P _ 1ppP
— 3% pw T By — 3B ewl (14)

For the B — PP decays a5 343w 4w are defined as

apy) =dapy, af =dl —af, al =adl + rX 2af,
“.{EW =ag — aj, aiEW ayy + r)( ‘ag,  (15)
with = 2my/my(m, + my) and r}}‘ =
h;(,)/(fi](,)mbms). Ay, m, are given by
Avu, = i% -myFyM(0) fay, (16)

Contributions from the annihilation diagram are repre-
sented by BQ (Q =3,43EW,4EW, §3), where ,BQ =

G
ikl (A7)
(where r = q or s), respectively. b3 43ew 4w are the co-
efficients due to weak annihilation of penguin operators.
bgy is originated from the singlet penguin contribution
which is introduced in [31,32]. Note that following the
approximation adopted in [31], we have neglected single
weak annihilations Bg;, Bs2, Bs3.ew» and only keep Bg;.
In the above results, we adopt a;_, o and by), given by
the QCD factorization (QCDF) calculation in [31]. The NP
effects due to scalar/pseudoscalar operators can be in-
cluded by replacing ¢5; and ¢, with the effective ones
= c56) T Acs) in the B— Kn, decay amplitudes

BK-,] \/—foKfn(/)) BUE]/)K =

Ceff
5(6)
in the following way:
Acs = J(=Cj6 + E15 + c20 — ), (18)
AC6 = %(_6_'15 + 517 + Ci9 — C21) for af, Bg,
and
Acs = %(Czo — ),

P ppr (19)
— ¢yy) for af, BY, Bss.

Ace = %(019

Here ¢;s, 16, C17, and ¢35 are defined in (9).  and 70’
mesons states can be regarded as mixed states of |7,) =

%(Iﬁu) + |dd)) and |7,) = |5s) with a mixing angle o

[32]:
< |m) ) _ <095¢n
In") sing,,
Decay constants fq(,), pseudoscalar densities h'j}’(‘f) are de-
fined by

ey imy ) @0
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i i
" (Play*ysalo) = = 5 10p*,
(" (p)I5y*ysslO) = —if,p*,
: (21)
_ i
2m{nV(p)lgysql0) = — Ehﬁ’?w,
2m(n"(p)qysql0)y = —ih} .
withm, = (m, + my)/2. As for explicit forms of f z’(‘f>, hZ’(‘f)

() . .
and form factors Fg " (¢?), we summarize in
Appendix A.

|

p=u,c
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C. B — ¢pK* decay amplitudes

Decay amplitudes of B — ¢K* can be decomposed as

AB— ¢K*) = > Hu, (22)
h=0,%=
where
Z oVis(Thxen + Thiges)  (h=0.5),
(23)

are the amplitudes in the helicity basis. Amplitudes for the
emission topology (the T, part) are given by*

1
> VVis ’ng = (- thV,*x){A(BK* - |:a§’ +al +alt = rlal — 5(0’7’ — rfal + al + a/l‘o)}

+ Al ho+ah, + + Al norLan |+ an not Lan
(BI?*,({))Jr[all ap al3 rXal4] (BK*, )T+ a23 2[124 (BR*,¢)T— ass 56126 ,

with rf given by

Coefficients al (i =3, ...,
used in the calculation of a5 and ag (see (11));

b _ 2m¢ S 5, (M)
mb(M) S ¢
10) have been calculated in QCDF [15,31]. However instead of ¢5 and c¢¢, ¢5 and ¢4 should be

(27)

(28)

al = (c + ]l\]ﬂ> + O(a,), with i = 23,24,25,26, (29)
where the radiative corrections are negligible. We summarized the explicit form of a” for i = 11,..., 14 due to the right-
handed four-quark operators in Appendix C.

In (27), coefficients A(BV V)~ and A(BV v, T+ are given by
Az gy = ﬁ<¢>( er(M)I5y*(1 = y5)sIOXK™ (P!, e2(m))I5y (1 F v5)bIB(p))

BR.®F 5 9, & Y Vs D, & Yu Vs p

Gr[. —2i B vk oa IBY( 2
[ vE o \%
\/E{lfd)mgb[mB ¥ My 6/1,1/(1/381 & pp (CI )i|
= ifomg| (ma + mie )65 - s)AG?) — (7 p)(sy p) 2L (30)
mpg + Mg~

“The coefficient “1/2” in front of 01214,26 can be realized as follows. Take O,; as an example. Because, under the Fierz transform, O3

can be written by

O = (1/2)5,0,,(1 + y5)bgSgat”(1 + ys)s,

therefore, in the factorization limit, we obtain

= 65,(1 + y5)bgSg(l + vs)sq, 24

($K*|053|B) = ($l5047 (1 + v5)s|0XK" |50, (1 + y5)b|B) + <¢|sﬁcr’”(1 + 5)84| K[540, (1 + 5)bg| B)

1 _ _
- (1 + 2Nc)<¢|saw(1 + y3)sIOXE* |50, (1 + 5)b1B). 25)

Note that the second term in the right-hand side of (24) gives no contribution since the local scalar current cannot couple to ¢.

Similarly, in the factorization limit we have

1

<¢k*|024|1§> = (ﬁ

# 3l 1+ Y IONR 51+ 75)b1B), 6)

The same procedure can be applied to the matrix elements containing O,5 and Oy.
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Al =
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bt )7 %wq, e1 ()15 ,,5(1 = ¥5) XK (P, s2(W)I5a7(1 = y5)blB(p))

Gr .1
VL

* 8iT3(q%)(e]

or in the explicit forms

{Sewwsl ey?p? p'Ti(q%) F 4iT(q)(e] - €3)(mf — m%.) — 2(&7 - p)(&; - p)]

2

PICE e 31
P)(Sz P)mlzg_—mz}, (31)

X

_ Gy,
Az = T;(lfd)m(/))(mB + my-)aA (m3) — bAy(m3)],
Gr,. _ 2mgp
(BK b)— \/z(lf¢m¢)|:(m3 meg ) l(qu) -+ . n e (m¢)j|
Gr,. _ 2mgp
A% ="Z(ifymy)| —(mg + mg)A; (M%) ¥ —22 Vm2:|,
s = i ama)| = (my = i) = TPy N
_Gp ..
Al gyre = +7;4(l FLm3[hoTy(m%) — hyTs(m3)],
+ Gr ..
Ao = TF4(lf£)m%[if1T1(m§,) = f2T2(m})]
. G
A pyr- = \/54(zf¢)m3[ f1T1(m¢) + szz(m¢)]
i
with a = (m3 — m2.)/@mymy-), b= (2m}p?)/  and
[mgmy-(mp + mK*)ﬁ and
fl = 2pc/mBJ ) ; ~
(2 — m2) bl = N—[c3A” s(AS" + AL + N,eeAL")
- B~ Mg B’ c
hy = [(m% iy~ i)y i) 4,,3} bigw = Nz CE oA + (AL + ALY + N,cgAl"]
e " Cr (36)
hy =~ ( 4pimg ) oy Aol
P 2mgemg \my — mk. )

Here we have used decay constants and form factors de-
fined in Appendix B.

Weak annihilation contributions (the 7 g-part) to B —
K and B~ — ¢K*~ decay amplitudes in the helicity
basis can be given by

> Vi Vs g rh

. 1
$K™ B quK*(—thV;'s)[bél o EngW + bg }

p=u,.c

> Vi Vis Trh

oK =By {(= Vi ViDL + by + L]
p=u,c

+ Vub V;:s ' bé’}» (34)

where

G
By = iT;foK*fqb (35)

bl = _N_g[cllAéh +213(A" + Aé”’) + Nc514A§'h],

with 7 = 0, —, +. Building blocks A}§"" can be found in
the appendix of [15].

D. Scalar and pseudoscalar operators in the MSSM

In the MSSM, scalar and pseudoscalar operators can be
induced by NHB penguin diagrams. We refer to such an
operator as the MSSM-NHB scalar/pseudoscalar opera-
tors. In [28], b — s (where € denotes a charged lepton)
scalar/pseudoscalar operators Q(I')2 induced by the MSSM-
NHB penguin diagrams are considered. b — sgq scalar/
pseudoscalar operators can be obtained by replacing
Higgs-{-¢ vertex with Higgs-G-g vertex [29]. They are

035013-5



HISAKI HATANAKA AND KWEI-CHOU YANG

m
05=5(1+ 75)bzm—lq)67(1 +¥5)4,
0,6 = 5,(1 + ys5)b, Z 61](1 + v5)qi

01, =51 — y9)b> —21g(1 — vs)q,
17 ( ¥s) ;mb q( ¥s)q

- my _
@18 = Si(l - ys)bjzm_qu(l - YS)Qi’
q

(37

S}
|

=5(1 + 75)bZZ—ZEJ(1 —75)4,
Oy = 5,(1 + 75)%2 6],(1 — Ys)qi
0y =51 - 75)bzm—zfl(1 + ¥5)q,

0,, = Ys)bjz q,(] + v5)qi

where ¢ = u, d, s, ¢.> The Wilson coefficients C;() of O,

with i = 15,...,22 at u = my, are given by [28,29]:
&2
Cs(my) = 72(Cs + Cp),
Ciz(my) = 16 P) (Cl Cp),
e’ (38)
Cro(my) = W(CS —Cp),
Carlmy) = 7o (C§ + C)),
;=0 (i = 16, 18,20, 22),

and four-quark tensor operators are not directly induced.
Here
o _ 4 g’ m% cosa? + rgsin’a
§ cos’B

5 fb( )adLL(RR)adLR(LR*)

3)l, gQSln 0W m

(39)
cY) = 4 7& mlz’ (r + tan’B)
p 3/\t g,8in%0y m

é fb( )5dLL(RR)5dLR(LR*)

- 2 2 /2 =
with 7, mHO/mho, » = Ao/mzo,x— mq/mg and A, =
Vi V. g, and g, are gauge couplings for the weak and
strong interactions, respectively. mjo, mgo, and myo are

Precisely speaking, in the two doublet Higgs model, cou-
plings of the light neutral Higgs h° to up-type quarks are sup-
pressed by tan compared with the down-type quarks. Therefore
we can neglect contributions of up-type quarks.

PHYSICAL REVIEW D 77, 035013 (2008)

masses of neutral-Higgs bosons h°, H°, and A°, respec-
tively. « is the neutral-Higgs mixing angle and tang is the
ratio of the two Higgs vacuum expectation values, m; and
mg are the gluino mass and common squark mass, respec-
tively. Factors 8551, 898R and §95F are down-type left-
light second-third, right-right second-third, and left-right
third generation squark mixing parameters, respectively.
The loop function f}(x) is defined as f(x) =
(x2/2)9*f0(x)/3x2 and fyo(x) is defined in [29]. f}(x) is
given by

x(—=1 + x* — 2xlogx)

2(x — 1)3

22) and O; are related by

fr) = -

(40)
Because O; (i = 15, ...,
mS
—0; C 0O, 41)
mip

the Wilson coefficients c¢;(u) for O;(u) with =
15,...,26 at w = myy are given by

cis(my) = Z—chs = D(A — B)¢,
c7(my) = Z_:CU = D(A — B)¢/,
019(mw)

= ﬁcw = D(A + B)¢, (42)
mp

mY
co1(my) = m_;CZI = D(A + B)¢/,

¢; =0 fori=16,18, 20,22, 23,24, 25,26,

where
I B o
D= 127 % gsintay, Jr e/ mmsme
A= 1 (cosza + (mzo/mh“)sm a)
mzo 0082,8 ’ (43)
1 (m?
B= —2<—/2‘0 + tan2,8>,
Myo \1M%0
é': = 5dLL5g§R’ fl = 3§i§R5§§R*

Since the Wilson coefficients for (5b)(dd) scalar and pseu-
doscalar operators are suppressed by m,/m;, we neglect
contributions for operators with ¢ = d and we consider
only b — s5s type operators. In (43), we note that D is
almost positive and real because f,(x) <0, ReA, <0 and
the imaginary part of A, is negligibly small.

There are three enhancement factors: tan8, 1/m 40, and
1/myp in Eq. (43). Therefore, if 5{4* is sizable and neutral
Higgses, A® and H?, are sufﬁ01ent1y light and tang is large,
then the Wilson coefficients for scalar/pseudoscalar opera-
tors can be large enough. In the present paper, for simplic-
ity, we neglect the mixing between scalar/pseudoscalar and
tensor operators through renormalization-group equations
(RGES) since such a mixing effect is small. Thus we
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assume c;(m;,) « ¢;(my) and we use the same symbols A, B, D, &, and & at u ~ m,,.
Under the existence of the MSSM-NHB scalar/pseudoscalar operators (43), Acs g, given in (18) and (19), in B — K7,

decays are rewritten by

DB(|é|e™i¢ — |¢'|e*i?),
AC6 =

%DB<2 - B;%A>(|§|€ti¢ — |€'e*1?"),  for a3, By, Bss,

for y, B3,
Acs =0, 44)

where £V = [£9] exp(ip""). As for the Wilson coefficients in B — ¢ K* decays, we use the replacements (11). They are

given by

1 1/B—A ./
56 _C(): _ED(A+B)§/ :§<—B _2>DB|§/|el¢,

_ _ 1 _ 1
cip=cp=°c;3=0, 03 ZED(A —B){, Cu= —gD(A — B)§,

As for a,;_,6, we parametrized the following coefficients
that appear in (27):

1 1 B—-A .
a3+ 5au = SN. B DB|£|e*9),

1 1 B—-A (46)
dos + 56 = SN, TDB|§'|€’(5 =9,

where the «; corrections are negligible. However, we still
parametrize the strong phases § and 8’ here. Actually the
strong phases are consistent with zero in the fit. Here and
below the helicity labels are omitted for a,;_,4 since these
coefficients very weakly depend on their helicities.

The factor (B — A)/B depends on the details of the
neutral-Higgs sector. In Fig. 1, we have plotted the value
of (B — A)/B for various m, and tan3 in the MSSM. In the
MSSM, (B — A)/B is always smaller than 1 and —0.1 <
(B—A)/B =< 0.3 for tang = 1. When (B — A)/B ~ 0.2,
the ratio |((123(25) + %a24(26))/AC6| = 002(3 - A)/B =
0(1072).

ffffff mA=0.5TeV
(B-A) /B
1 —_—————— e - —-—-- mA=300GeV
- \\‘:1\
\\\\\ .
0.8 NERNNY — — — mA=200GeV
NN
\ \\\\\\
0.6 \ \\\\\ — — - mA=125GeV
\ \\\\
u
0.4 AR
\\‘\‘\
W
WA NI =
WA~ R
0 N g SIsoteo
\_7
= tanf
0.01 0.1 1 10
FIG. 1. (B — A)/B for various tan8 and m,.

B—A .
- 2>DB|§|e'¢, &5 =cs,

1

1
Cr5s = ED(A —B)¢, = _ED(A —B)¢'.

(45)

III. NUMERICAL ANALYSIS

A. Numerical inputs

We summarize input parameters in Table I. As for B —
K™ vector and tensor form factors, we follow the light-cone
sum-rule (LCSR) results [35], defined as

F(q*) = F(0) exp(c,q*/m3% + c,q*/m3),  (47)

for F = Ay, Ay, Ay, V, Ty, Ty, Ts, where c; and ¢, are listed
in Table IIT of [17]. We use mpg+ = mg = 5.279 GeV. We
parametrize Ap to be mp/Ag = [{dy®p(y)/y, where
@3, (y) is one of the two B meson light-cone distribution
amplitudes with y being the momentum fraction carried by
the light spectator quark in the B meson. As for the
renormalization scale we use u = m; /2. In the calculation
of the hard spectator and the weak annihilation, we adopt
Mmp = A, u~1GeV (with A, =0.5GeV) corre-
sponding to the hadronic scale.

We also include hadronic uncertainty parameters de-
fined in [15,36]: XM, X4 (M = K, n, K*), and XX
For simplicity, in the fit, we assume that X§ , = XX,(L =

XX:](”) in B— K71 decays, and parameterize them as
(36]

(U] . m
XET =11+ payexplidan)] 10g<A—‘Z>, s

0=pup=1

In B— ¢K* decays we have fixed X; = my/A;, and
Xy = log(mg/A,) (i.e., py = p. = 0), because in these
decays the branching ratios are very insensitive to them.

As for NP effects, we use DB|&|, DB|&'|, ¢, &', 8, &',
and (B — A)/B as the independent parameters. We have
constrained weak and strong phases to be |¢”| = 7 and
|8U] = 7r/2, respectively. In the fit, for simplicity we
consider the two scenarios: (i) NP-(A) for which & =
and (ii) NP-(B) for which & = 0.
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TABLE I. Input parameters.

Decay constants [5,31] f» =131 MeV, fx =160 MeV, fp = 210 MeV,
fq = (107 £0.02)f, f, = (1.34 £0.06)f ., fx- = 218 MeV,
[k =175MeV, f4 =221 MeV, f§ =175 MeV
Ap = 2007230 MeV
¢, =39.3° £ 1.0°
A = 0.807 £ 0.018, A = 0.2265 = 0.0008, |V,;,/V,,| = 0.88112011
$3(y) = (67.4738)°, sin2¢, (sin28) = 0.68875:%
75 = 1.530 ps, 75- = 1.638 ps
F5~7(0) = 0.28, FE~K(0) = 0.34

B meson parameter [31]
1 — 71’ mixing angle [31]
CKM parameters [33]

B meson lifetimes [34]
B — P form factors [31]

TABLE II.  World averages of observables for B — K7 are shown in the second column
[34,37-46]. Upper limits are at 90% CL. In the third and fourth columns we have shown best-fit
values for combined fit with corrections received from B — ¢ K™ annihilation. Corresponding
best-fit parameters are shown in Table IV and in Fig. 2. Best-fit values of B — ¢ K™ are shown in
Table III.

PHYSICAL REVIEW D 77, 035013 (2008)

Observable Experiment Combined Fit with ¢K* ann.
NP-(A) NP-(B)
B(B* — n’K*) X 10° 69.7+38 68.9 + 2.2 68.9 +2.2
B(B® — 1'K°) X 10° 64.9 = 3.5 66.3 2.1 66.3 2.1
B(BT — nK*) X 10° 22+03 22+03 22+03
B(B® — 1K) x 10° (<19 1.5=03 1.5+03
Acp(BY — n'K™) 0.031 = 0.021 0.031 = 0.021 0.030 = 0.018
Acp(B® — 1'K?) 0.09 = 0.06 0.02 = 0.01 0.02 = 0.01
Acp(BT — nK™*) —0.29 +0.11 -0.30 +0.11 —-0.31 = 0.10
Acp(B® — nK?) (N.A) —0.20 = 0.11 —0.14 = 0.07
—ncpSgoy (B® — 1'K0) 0.61 = 0.07 0.70 = 0.03 0.70 = 0.01
—NcpSgoy(B® — nK°) (N.A) 0.89 = 0.17 0.73 = 0.03

B. Experimental data

In the fit for B— K7 decays, we use 7 observables
including 3 averaged branching fractions, 3 direct CP
violations, and the B°— K°%' indirect CP violation
—NcpSky- Here Sy is defined by

2Im(A;) g AB®— K3, ")
1+ A p AB* — K%, n")’

Sgpo =

(49)

with ¢/ p = e~ %1 for BY, and n¢p is the CP eigenvalue of
|K2,L77(/)>- The value of —mncpSg,0 should be close to

sin2¢; in the SM. The experimental data for B — Kn")
are listed in Table II.

For the B — ¢ K* decays we have 20 observables, which
include B®~ — ¢K**~ branching fractions (B), polariza-
tion fractions (fy, f1), and CP asymmetries (AR}, AOCP,
Aép), phases of polarized modes (¢, ¢ ), and_phase
differences (A¢p, A ), where AL, = (3,14, -
SR/ (CAALR + SAlANP), ALy = (AP — A1)/
(A + 14,1%),° ¢ = arg(A,/A), Ap,=1X

%In BABAR measurements [47], instead of Aép, the asymme-
tries of £} ! and f; ! are defined. f; ' and £} ! are the polarization
fractions measured in B and B decays, respectively.

arg(A, /Ay - Ayg/A,) with A =0, ||, L . The experimental
data for the B — ¢ K™ decays are shown in Table III.

C. Combined fits

If we ignore the annihilation effects in B — ¢ K™ de-
cays, the resulting sznin = 170 is too huge; i.e. we cannot
have a reliable fitting result. This is the fact that if the B —
¢K* polarization anomaly was mainly due to the tensor
operators induced by the Fierz transformation, then the NP
effects would lead to too large B — K1) branching ratios
as compared with the data.

Once the B — ¢ K* annihilation effects are included, we
can see that the y2. is drastically small. In Table IV, we
have summarized the best-fit values of the x2. and pa-
rameters.’ The resulting & and &’ are consistent with zero,
which are also consistent with the fact that the
a -corrections to the tensor operators are negligible. The

"The errors of parameters in Table IV are obtained from the
error matrix (covariance matrix) at the global minimum of 2.
The error matrix is the inverse matrix of the curvature matrix of
chi-square function with respect to its free parameters. The
errors of best-fit values in Tables II and III are estimated from
the same error matrices for each NP scenario.
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TABLE III. World averages and best-fit values of observables
for B — ¢K*° (upper) and B~ — ¢pK*~ (lower) [1-4,34,37].
In the third and fourth column, best-fit values for combined fit of
B— Kn(’) and B— ¢K* for NP-(A) and NP-(B) scenarios,
including the contributions from B — ¢K* annihilations, are
shown. Corresponding best-fit parameters are show in Fig. 2 and

PHYSICAL REVIEW D 77, 035013 (2008)

TABLE IV. Best-fit parameters obtained in NP-(A) and NP-
(B) considering B — ¢K* annihilations. Numbers with ()
indicate that they reach the upper or lower bound in the parame-
ter space. Best-fit values of B — Kn) and B — ¢K* are shown
in Tables II and III, respectively. Weak phased NP parameters
(DB, DBE') are plotted in Fig. 2.

Table IV. Best-fit values for B — K7 are shown in Table II.

Observable Experiment Combined Fit with ¢K* ann.
NP-(A) NP-(B)
By X 100 9.5*038 9.4+ 0.6 9.3*+0.6
10.0 = 1.1 10.1 = 0.8 9.4+ 0.6
fr 0.491 £0.032 0.491 =0.025 0.493 £ 0.024
0.50 = 0.05 0.499 £0.028 0.486 = 0.025
f1 0.252 £0.031 0.247 =0.013  0.239 = 0.021
0.20 = 0.05 0.243 £0.010 0.241 = 0.022
AP, —0.01 £0.06 —0.03 £0.05 0.00 = 0.01
—0.01 = 0.08 0.02 =0.03 0.00 = 0.00
A%, 0.02 £0.07 —0.03 £0.03 0.01 = 0.01
0.17 £0.11 0.05 = 0.07 0.00 = 0.00
Adp —0.11 £0.12 0.02 = 0.03 0.00 = 0.00
0.22 +0.25 0.05 = 0.07 0.00 = 0.00
o 2.371044 2.34 +0.09 2.53 +0.02
2.34 = 0.17 2.33 +0.09 2.52 +0.02
X 236 =0.14 2.49 = 0.06 2.56 = 0.03
2.58 =0.17 2.48 = 0.06 2.55+0.03
Agy 0.10 £ 0.14 0.02 = 0.06 0.00 = 0.00
0.07 £0.21 0.03 £0.08 —0.01 =0.00
Ag, 0.04 £0.14 0.03 = 0.07 0.00 = 0.00
0.19 £0.21 0.04 £0.09 —0.01 £0.00

Combined fit with ¢ K* annihilation effects

Scenario (A)

Scenario (B)

fitted results for B— K7 and B — ¢K* are collected in
Tables II and III.

The results obtained in [17], where the weak annihila-
tion effects are not included, are given by®

ld pyl = 4367035 X 1073,

(50)
ldys pyl = 5.38704) X 1073,
to be compared with our present upper bounds,
ldyl = 7.1 X 1074, lay) = 6.1x 1074 (51

which are extracted from Fig. 2 and (46), and are much
smaller than the values in (50). This indicates that the
contributions of tensor operators induced from the scalar/
pseudoscalar operators in the MSSM-Higgs are too small
to explain the polarization puzzle, while the puzzle can be
accommodated by the weak annihilations effects.

D. Consistency with SM and B, — u " u~

The current upper bound for the branching fraction of
B, — utu~ [37,48] at 90% confidence level (CL) is

8Here dy3 and 6725. are defined by d,3 = a,3 + %am and d,s =
ars + %azﬁ, respectively [17]. We have factored out the CKM
factor.

X /do.f. 9.8/17 15.5/17
(B—A)/B 0.55 £0.76 (*) 0.43 £0.19 (*)
8, 8 0= +30* 85° 8 = —-38=170°
palKn"] 1.00 = 0.33 (*) 0.51 = 0.41 (*)
dA[Kn"] 117 = 17° 53 +47°
pulKn"] 0.11 = 0.67 (*) 1.00 + 0.59 (*)
du[Kn"] 69 + 156° —167 +25°
pal K] 0.57 = 0.04 0.55 £ 0.02
DAl dK*] —96 *+ 3° —85 + 3°
—O|.02 —0|.O1 0 0.91 0.92
0.02_ Ll Ll L 1 Ll L 1 Ll L 1 Ll L 1 Ll _0.02
: NP—(A) [
0.013 / £0.01
S K\ :
e 0 ] AV N 0
g ] \/\ N
-0.01- --0.01
_0'02:|||||||||||| ||||||||||ll:_0'02
-0.02 -0.01 0 0.01 0.02
Re(DB¢)
-0.02 -0.01 0 0.01 0.02
0.02:||I||||I|||| ““|““|“:0.02
: NP-B) [
0.01 -0.01
S ] / W -
3 0 N[ Lo
e | 2 ‘
£ i [
-0.01 --0.01
_0'02:|||||||||||| ||||||||||||:_0'02
-0.02 -0.01 0 0.01 0.02
Re(DB&)

FIG. 2. Contour plots for Ay? = x> — x2.. in Re(DBE) vs
Im(DB¢E) [or Re(DBE¢') vs Im(DB¢E')] for the NP scenario-A [or
NP scenario-B]. Allowed regions of Ay? < 1,1 < Ay? <4, and
4 < Ay* <9 are shown by dark, medium-dark, and light-gray
regions, respectively. The “X”’ symbol indicates the location of
the global minimum, anm. The origin corresponds to the SM.
The circle at the origin indicates the allowed upper limit from the
B, — utu” data.
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BB, — p u)=75x1078 (52)

The branching fraction of b — s€€ due to operators 05@)
(withi =7,9,15,17,19,21) for £ = e, u, 7 is given by
G%m; m 2
s £2 By * |2
ViV
167 fB“(mb +ms> Vi Vi

X1 — 4i?{(1 — 4?)

€ {4 4 € {4
X1l =i+l = F + 1

BB, — u"p7)=r1p

¢ ¢ ¢ L ¢
+ c(”) - 0(19) - C(21) + 2m(cg) — cé ))Iz},
(53)
)

where it = m,, /me, c;  are the Wilson coefficients of

OEO at u = my, and we have used

2

_ — . mp
Ol5ysb|Bs) = —ify ———. (54)
my, + my

Here we note that if RGE effects are not large, cEO ~

(m¢/my)c; and

(c15 = €17 + c19 = ¢3) = 2DA(€ — &)
=2(1—(B—A)/B)DB(¢ — &),
(c15 + 17 — c19 — ¢1) = —2DB(§ + §&'). (55)

Using B’s lifetime 75 = 1.437 ps, mass mp =
5.366 GeV, decay constant f B, = 215 £ 25 MeV, quark
masses m;, = 4.9 = 0.1 GeV, and m, = 145 = 25 MeV,
we obtain upper bounds of DB&" as

IDBEV| < 9.2 X 1074, (56)
In Fig. 2 we have shown the SM (DB¢ = DB¢' = 0) and
the upper bound of the NP effect constrained by the B, —
ut u~ decay as the origin and a small circle at the origin,
respectively. In the figures we have also drawn the contours
of Axy* = 1,4, and 9, where Ay? = x* — x2.. The B, —
wtu allowed region shares partly the Ay?> =1 (1o)
region in NP-(B), and is just outside of the Ay? =<4
(20) region in the scenario NP-(A). Since in both cases
the B, — u* u~ data and the SM are located within con-
tours where y?/d.o.f. is sufficiently small, we can safely
conclude that our two scenarios are consistent with the data
for By — u* u~ decay and with the SM.

In [23], the authors discuss the scalar/pseudoscalar op-
erators induced by R-parity violating interactions in the
supersymmetric standard models. Because they did not
take into account the weak annihilation effects and possible
constraints from B — K7, large contributions due to

((;}Ve have defined 050 as.O%) =51 - y5)b€(1_ * y5)¢, and
0; (i=15,...,21) with ’replacements: 35(1 = y5)s —

€(1 = y5)€ and §y*(1 + y5)s — €y*(1 + ys)s.

PHYSICAL REVIEW D 77, 035013 (2008)

tensor operators to explain the B — ¢K* polarization
puzzle are required and therefore the estimated magnitudes
of the effects of scalar/pseudoscalar operators are much
larger than the upper bound of B, — u*t u ™.

IV. SUMMARY

We have studied the scalar/pseudoscalar operators, and
tensor operators where the latter are obtained from scalar/
pseudoscalar operators by the Fierz transformation, in B —
¢K* and B— Kn"") decays. We have considered the sca-
lar/pseudoscalar operators induced by penguin diagrams of
MSSM neutral-Higgs bosons.

Without the weak annihilations in B — ¢ K™, we cannot
obtain any reasonable solution to explain both B — ¢K*
and B — K7 decays simultaneously in the NP region ( —
0.1=(B—-A)/B=1) of the MSSM induced by the
neutral-Higgs bosons. Taking into account weak annihila-
tion effects in B — ¢ K™, we obtain best-fit results in good
agreement with the B — K7 and B — ¢K* data. From
the fitted parameters we estimate the magnitudes of the
contributions due to NP tensor operators. They are, how-
ever, much smaller than the results of [17], which are
introduced to explain the B — ¢ K™ polarization puzzle.
The polarization puzzle can be explained mostly by a weak
annihilation effect, as pointed out in [13—15]. The contri-
butions of NP operators are constrained mainly by the fit of
B — K1 data. While our results may allow nonvanishing
NP effects, the data for the decays B — K 77(’), B — ¢K*
are consistent with the B, — u* u~ data as well as the SM
prediction.

Finally, we remark on the recently observed large lon-
gitudinal polarization fraction f; in B — ¢K5(1430) [1].
If tensor operators play a significant role in B — VT
(where T denotes a tensor meson) decays, f; may signifi-
cantly deviate from unity. The current B — ¢K5(1430)
experiment seems to be consistent with our conclusion
since in our analysis the effect due to tensor operators is
found to be very small. However, in the present study we
cannot exclude the possibility that sizable NP effects con-
tribute directly to tensor operators, instead of scalar/pseu-
doscalar operators, and, moreover, a cancellation may take
place between weak annihilations and contributions due to
NP tensor operators in the B — ¢ K;(1430) decay. For the
point of view of the new physics, B — ¢ K3(1430) may be
sensitive to the B — K tensor form factor which can be
further explored from the B — K5(1430)7y decay.
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APPENDIX A: DECAY CONSTANTS AND FORM
FACTORS FOR 7 AND n’ MESONS

The |n) and |n’) meson states are defined as the mixed
states of |7,) and |,), as stated in (20) [32]. In this section
we summarize the notations in [32]. Decay constants fi’(f)

are given by

f‘ﬂ = fq COS¢1}!
f;[]l = fq Sin¢nr

fi] = _fs Sin¢7]’

(AD)
fi]’ = fs COS(i)n,

and in the same way, pseudoscalar densities h‘f}‘(f) are de-

fined as

hl = h,cosd,,

q _ :
hn’ hq s1n¢,7,

h3, = —h,sing,,

Y (A2)
= hgcosd,,

where h, , are defined by

hy = fo(micos®py, + m? sin* )
— \/Efs(m%], — m})sing,, cose,,
h, = fs(mf],coszdyl + misin’¢,,)

— J5fq(m}, — m3) sing, cos,,. (A3)

B — 1) form factors are defined as

q q S
FB-7" — F, i F, —ﬁfﬂ‘” +f 7"
V3fs

Ad
I (Ad)

and in the present paper we take F; = F§~7(0) and F, =
0. f is the decay constant of the pion.

APPENDIX B: DECAY CONSTANTS AND FORM
FACTORS IN B — VV DECAYS

We have used

(p(g, £4)IVF|0) = f¢m¢8fz*, (BI)
(K*(p ex)V,|B(pp))
2
_ ve o B
_WGMVUBSK*poK*V(qz)y (B2)

|

Jodx®y,(0)[121n% — 18 + g7(x)],
Ik dx(I)Vz(x)[—IZIn% +6—g(1—x)] (@(=13),
[odx®,, (x)[—6 + h(x)],

V:Q(Vz) =

and

PHYSICAL REVIEW D 77, 035013 (2008)
<K*(PK*’ 8K*)|A,L|B(PB)>

- i[(mB + el Al(gD) — (s - p)

Ay(q?)
X + prr), ————
(ps + Pk ),L mp + mK*}
= 2ime PR, — Aol (BY)
for current operators, and
(p(g, e1)l50510) = —if} (i q” — e7"q*),  (B4)

(K*(p', e2)I50,,,(1 + ys5)bIB(p))
= i€up085 PO P'P2T\(q%) + {83, (mf — m%.)

= (g5 p)p+ ) JT2(q%)
+ (&5 PB)[C]M - 2q722(1? + P/),L}T3(q2), (BS)
myma.

for tensor operators. In (B3) and (B5), A;(0) = Ay(0),
T,(0) = T,(0), and

+ * - *
MAl(cf) — MAz(qz). (B6)

As(g?) =
3(¢%) Imge 2mg

APPENDIX C: THE COEFFICIENTS a? h
CORRESPONDING TO RIGHT-HANDED FOUR-
QUARK OPERATORS

In (27), the expressions for effective parameters af ’1}(’12)
corresponding to right-handed four-quark operators are

ci=1 Cray
N, 4w

a‘lp‘h(vl Vy) = |:<Ci + %)Ni(vz) +

c

<Vih(V2)

2
47 H!V, V2>) + Pf"h(vz)} (Cl)

N,

with N;(V,) = 1 for i = 11, 12. For aly,,. one should
replace ¢; by ¢;, and have N3(V,) =1, N4(V,) = 0.
V(V,) account for vertex corrections, H"(V,V,) for hard
spectator interactions with a hard gluon exchange between
the emitted meson and the spectator quark of the B meson,
and P;(V,) for penguin contractions. The vertex correc-
tions read

(i=11,12),
(C2)
(i = 14),
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Jb dx®y, (0O[121n" — 18 + g7(x)], (i=11,12),
Vii(Vy) =1 [Ldx®, (x)[— 121n +6—gr(1—x] (@(=13), (C3)
0, (i = 14),

where Oy (x), D, (x), P,(x), Py(x), g(x), h(x), and g7 (x) are defined in [15,31].
H!(V,V,) have the expressions:

Sefv fv, 1 ‘DB(P) Dy (v)Dy, (14) v, D, (V) Py, (1)
0 — o _
H11(V1V2)—H12(V1V2)—W/; f ] < ] Py : xl 1 D ? >’ (C4
14 o o (ID )]
HO\(V,Vs) = _fB(é‘\le;v)z f (P) ] ] < v, (U) vﬂ(u) v, (V) vz(u)> (C5)
XV Jo uv
HY,(V,V,) =0, and
fefv fv, (1 q)B(,D) 1 1 B (v)D,, ()
+ — + — _ 1 2 1 1 2
HII(V] V2) le(Vl Vz) X(BV]:VQ) ](; dp j;) dvf du —[,[172 ’
fefv fv, [ ‘I)B(p) q’\% ()P, (u)
H{(V V) = X(BVI‘V; f ] f — z—, (C6)
+
fefv fv, (1 ‘DB(P) (I)a (U)q’ (M)
+ = 28/ Vil Vs TPy,
H{,(V{V,) 2X(+BV"V2) f ] j 0D
where
(B°V,,V,) __ fv B . BV, 4m%p§ BV,
Xo —W;l[(’n% m%, mVZ)(mB + mvl)A ( ) WAQ (m%/z) s
5 2
xFev) = _fvzmvz[(mB + my AP ) 7 Py, (mzvg} (€7)
mpg + mvl

with ¢ = pg — py, = py,. Here ®3(p) is one of the two light-cone distribution amplitudes of the B meson [49]. Pf."p are
strong penguin contractions. We obtain

(V) = {(c12+cl4>z[ Ein — (n = 2)Gr,(0) - sz(sc)—sz(n—g}

+ C1 Z|:8 ln@ GVZ(O) - sz(l) + gj”, (C8)

P?’f(Vz) = -

b b
o+ e ST = 2600 + G0 + G0 + e ST6v0) + 0], (©)

i=u i=u

PP = PP = P17 = P[;?, where s; = m?/m? and the functions G, (s) and Gy, (s) are given by

Gy,(s) = —4 /01 duCDVZ(u)[]OI dx xxIn(s — sixx — ie)} évz(s) = —4 jol du@vz(u)[ﬁ)l dx xxIn(s — iixx — ie)}
(C10)
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