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Right-handed current contributions in B — K7 decays
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We reexamine the right-handed current effects in b — s transitions in nonmanifest left-right models.
Using the effective Hamiltonian approach including all possible low-energy operators, we obtain
especially the B — K decay amplitudes including annihilation contributions, and investigate the
right-handed current contributions to CP asymmetries in B — K7 decays. Taking into account the
constraints from global analysis of muon decay measurements, |V,;,| measurements in inclusive and
exclusive B decays, and B? — BY mixing measurements, we find the allowed regions of new physics

parameters satisfying the current experimental data.
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L. INTRODUCTION

CP asymmetry measurements in nonleptonic b — s
decays have been receiving considerable attention over
the past several years since the recent experimental mea-
surements in some decay channels are in disagreement
with naive estimates of the standard model (SM). One of
the important examples is the direct CP asymmetries in
B — K decays [1]. Current world averages of the CP
asymmetries in B — K decays are given by [2]

Acp(B® — K*77) = —0.086 = 0.007,
Acp(B* — K*7%) = 0.040 *+ 0.021, (1)
Acp(B* — KO7r") = —0.015 + 0.012.

However, the naive factorization assumption predicts
Acp(B® = K* %) = Acp(B® — K*7°) [3], which is in-
consistent with the current data in Eq. (1). This discrepancy
can be explained by enhancing the smaller diagrams such
as C' and P}, with a sizable strong phase through the SM
fit to the K7 data [4], where C' and P, stand for the
color-suppressed tree and electroweak penguin amplitudes,
respectively, in the topological decomposition [5].
Nonetheless, such enhancement of subdominant diagrams
in the SM is not fully understood theoretically and also
may not be sufficient to resolve other puzzles simulta-
neously in the B meson system [1]. Alternatively to the
SM fit, since the prediction given in Ref. [3] did not
incorporate all possible hadronic uncertainties, these decay
modes have been also studied within the SM in the frame-
work of different factorization approaches such as QCD
factorization [6], perturbative QCD (PQCD) [7], and the
soft-collinear effective theory [8]. Even under such facto-
rization assumptions, however, the above data have not
been fully explained as well. In the SM, the sizes and
patterns of CP violation in various decay modes are gov-
erned by a single complex phase which resides in the
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Cabibbo-Kobayashi-Maskawa (CKM) matrix, but such
large CP violation effects have not been simply explained
with this single parameter in any of those factorization
methods in various decay modes simultaneously.
Therefore, there has been several efforts to understand
such large CP asymmetries beyond the SM with additional
CP odd parameters [9]. Similarly in this paper, we study
the new physics (NP) contributions to the direct CP asym-
metries in B — K7 decays as well as to (semi-)leptonic B
decays and B mixing where NP effects could be sizable.
In order to minimize hadronic uncertainties, we consider
all relevant tree and penguin contributions even including
annihilation types by adopting PQCD approach, and
estimate the possible NP contributions.

One of the simplest extensions of the SM corresponding
to such a scenario with additional CP phases is the non-
manifest (VR # VL) left-right model (LRM) with gauge
group SU(2), X SU(2)g X U(1) where VE(VF) is the left
(right)-handed quark mixing matrix [10]. Since the
LRM has the extended group SU(2)g, there are new pa-
rameters such as a right-handed gauge coupling gp, new
charged (neutral) gauge bosons Wy (Zg), and the W; — Wy
(Z; — Z) mixing angle £ (7). After spontaneous symme-
try breaking, the gauge eigenstates Wy mix with W to
form the mass eigenstates W and W’ with masses My, and
My, respectively. Similarly, the neutral gauge bosons mix
each other [11], but we do not present them here because
Zy contribution to flavor-changing B decays is negligible.
Although tree-level flavor-changing neutral Higgs bosons
with masses My enter into our theory due to gauge invari-
ance, we also neglect their contributions by assuming
My > My [12]. The mixing angle & and the ratio { of
M3, to M%V, are restricted by a number of low-energy
phenomenological constraints [13]. One of the most strin-
gent bounds on My, was obtained from K; — Ky mixing.
If the model has manifest (VR = V1) left-right symmetry
(gg = g1) where VE(VR) is the left(right)-handed quark
mixing matrix, My, > 2.5 TeV [14]. Similar bounds were
obtained recently by CMS and ATLAS from direct
searches for the decay channels of the extra gauge bosons
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W' — €v under various assumptions on the right-handed
neutrino masses and gauge couplings [15]. However, the
form of V¥ is not necessarily restricted to manifest or
pseudomanifest (VR = VLK) symmetric-type, where K
is a diagonal phase matrix [10]. If V¥ takes one of the
following forms, the Wy mass limit can be significantly
lowered [13], and th can be as large as A (for My, =
800 GeV) [16]:

1 00 010 010
0 0 11, 1 0 01, 0 0 1] (2
010 0 0 1 1 00

As well as the CP-violating observables in B — K7
decays, we also accommodate a large CP-violating phase
in B; mixing observed at Tevatron and a disagreement
emerged between the determination of |V,,| from inclusive
and exclusive B decays [17]. In order to incorporate all of
those considerations, we take the following form of VR as
similarly done in Ref. [18]:

~0  cgel  spe'®
VR = el ~0 ~0 | 3)
~0 —sgpel®  crei®

where cp(sg) = cos 0x(sin 0z) (0° = Oz = 90°). Here the
matrix elements indicated as ~0 may be =< 1072 and
unitarity requires «; + a4 = a, + a3. Especially, with
this form, the present experimental measurement of the
large branching fractions for B — 7v decays can be
explained [17,18], but the right-handed current effect in
B, mixing is negligible so we only consider direct CP
asymmetries in B — K7 decays. One can of course take
different types of VX without taking into account of |V |,
and relevant studies were done earlier in Refs. [19,20].

This paper is organized as follows. In Sec. II, we briefly
discuss some of phenomenological constraints without
assuming manifest (or pseudomanifest) left-right symme-
try. We present the effective Hamiltonian describing
AB =1 and AS =1 transition in Sec. III, and obtain
B — K7 decay amplitudes including all relevant tree and
penguin contributions in the general LRM in Sec. IV.
In Sec. V, we explicitly show the allowed regions of NP
parameters satisfying the current experimental data, taking
into account all the constraints obtained in Sec. II. Finally,
we conclude in Sec. VI.

II. PHENOMENOLOGICAL CONSTRAINTS

We consider the case that W’ masses are not too heavy so
that it can be accessible at LHC. Without assuming manifest
or pseudomanifest left-right symmetry in the general LRM,
W' masses are not highly constrained by low-energy elec-
troweak measurements, but still W’ exchange effects could
be seen in various decay modes, and the bound of its mass
could be obtained independent of the form of V. For
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instance, we can obtain the lower bound on My,» from global
analysis of muon decay measurements as follows [21]:

£, <0017 or My >(gg/gL) X 620 GeV, (4)

where £, = gz M7, /g1 M3, In general, [, = £, = (gr/g1)€
for ordinary Higgs representations [13,22].

As well as My, and §,, we have additional NP parame-
ters such as 6, and «; in the quark sector as shown in
Eq. (3) in the general LRM. Among those new parameters,
0z and a, can be constrained by the disagreement emerged
between the determination of |V,,| from inclusive and
exclusive B decays. |V,;,| determined in exclusive B decays
is related to |VL | in the LRM as

|Vub|excl = |V;fb”1 + ‘ful = |Vub|incl|1 + gul’ (5)

where £, = §(gRV§b)/(gLV§b) and g = u, ¢ [17]. From
the mismatch between the values of |V,,| extracted from
inclusive and exclusive B decays, we roughly obtain the
following 2o bound:

— 1.55 < {,spcos (ay +y) X 10° <041, (6)

where y = 68°. B
In Eq. (3), a3 and ay are constrained by BY — B mixing
measurements. The dispersive part of the B — B? mixing

matrix element in the LRM can be written as
My = MM MR )

where

LM @)
MY (BOIHSY|BY)

8)

and the explicit form of the effective Hamiltonians H5)!
and HLR describing the AB = 2 transition in the LRM can
be found in Refs. [20,22]. Following the factorization
methods used in Ref. [20] with the given form of V¥ in
Eq. (3), we obtain the right-handed current contributions to
BY — BY mixing as

1 = 5.03Z, — (0.490 — 1.96Z,)In (1/Z,)
e = 162( ¢ )
1 —10.2¢, + 30.122

X g“gsRcRe_i(“3_“4) + 1.70& sge ™. )

The deviation of the present experimental data from the
SM predictions on B; meson mixing gives the following
20 bound [23]:

0.86 < |1 + rjpl <1.22, (10)

and we will use this bound together with those in Egs. (4)
and (6) for our numerical analysis in Sec. V.

III. EFFECTIVE HAMILTONIAN

In order to include QCD effects systematically, we start
from the following low-energy effective Hamiltonian
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describing AB = 1 and AS = 1 transition as done simi-
larly in Ref. [19]:

G
H o = —F[ MLciof
& \/z [:LZZI,IZ 1

q=u,c

10
- /\,LL(Z C;0; + CJOY + cgog)]
i=3

+ (C;0, — Ci0)), (11)
where A58 = VA*V(fb,
current operators, 03—0q, are the standard penguin op-
erators, and O} and OY are the standard photonic and
gluonic magnetic operators, respectively, which can be
found in Ref. [24]. In addition to those SM operators, in
the LRM, the operator basis is doubled by O! which are
the chiral conjugates of O;. Also new operators O |, and

O,, are the standard current-
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O}, |, arise with mixed chiral structure of O;, and O,
as follows:

1 = 5aqp)v-aldgba)via

_ _ (12)
0y, = (Sa(]a)v—A(CIﬁbﬁ)WA,

where (V = A) refers to the Lorentz structure 1y, (1 = s).
These new operators may play an important role in tree-
level dominated b decays in the general LRM.

The low-energy effects of the full theory at an arbitrary
low-energy scale p can then be described by the linear
combination of the given operators and the corresponding
Wilson coefficients (WCs) C;(u). In order to calculate
C;(u), we first calculate them at w = My, scale. After
performing a straightforward matching computation, we
find the WCs including the electromagnetic penguin
contributions at W scale neglecting the u-quark mass:

CY(My) = L ARR/ALL (g = u, ©),

CiMy) =1,
CalMy) = 5 = [2B(x) + CLx))

Co(My) = §[4C<x,> + D))

Co(My) = giﬂ[zm(xt) +D(x) +

CY(My) = F(x,) + —LA®F(x,),
ny,

CS(My) = G(x,) + LA G(x,),
my,

Clh(My) = A,

where

2
m
Xy =M—g(U =uct),

” (14)

fg UD za (D—b S)
Vip

and a, is a CP phase residing in the vacuum expectation
values, which can be absorbed in «; in Eq. (3) by redefin-
ing o; + @, — «;. All other coefficients are negligible or
vanish. In Eq. (13), the explicit forms of the functions
B(x,), C(x,), and D(x,) can be found in Refs. [24,25], and
F(x,), F(x,), G(x,), and G(x,) are given in Ref. [26]. In the
above magnetic coefficients, the terms proportional to &,
and {, are neglected except the contribution coming from
the virtual 7 quark which gives m,/m,; enhancement. Also
the term proportional to {, in the coefficient C’ is not
neglected because {, = £, and there is possible enhance-
ment by the ratio of CKM angles (AXX/ALE) i in the non-
manifest LRM. Note that the new coefficient C' “(My) can
be important in some b — s transitions because the ¢,

suppression can be offset by the ratio V®, /VL in Eq. (14)

1
s (10B(x) — 4C(w) |
CY'(My) = Z—;A”*F(xt),

m o~
CF'(My) = 2 A" Gi(x),
b

Cil(My) = A", (13)

f

The coefficients C;(u) at the scale u below m;, can be
obtained by evolving the coefficients C;(My,) with the
28 X 28 anomalous dimension matrix applying the usual
renormalization group procedure in the following way:

Clp) =

where Uy is the evolution matrix for f active flavors and

Uy, my)M(m,,)Us(my, My)C(Myy), — (15)

M(m) gives the matching corrections between E‘f_l(m)

and C?(m). In the leading logarithmic (LL) approximation
M = 1 and the evolution matrix U(m,, m,) is given by

(et e ]y
(16)

U(ml: mz) =

where V diagonalizes the transposed of the anomalous
dimension matrix y, and ¥ is the vector containing the
eigenvalues of y!. In the right-hand side of Eq. (16),
the first term represents the pure QCD evolution and the
second term describes the additional evolution in the pres-
ence of the electromagnetic interaction. The leading order
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formula for the matrix K(m;, m;) can be found in
Refs. [24,25]. Since the strong interaction preserves chi-
rality, the 28 X 28 anomalous dimensional matrix decom-
poses into two identical 14 X 14 blocks. The SM 12 X 12
submatrix describing the mixing among O,-0y, O7, and
0? can be found in Ref. [27], and the explicit form of the
remaining 4 X 4 matrix describing the mixing among
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01112, O, and 080, which partially overlaps with the SM
12 X 12 submatrix, can be found in Ref. [26].

In this paper, unlike the previous analysis in Ref. [19], we
set the scale of weak WCs at u = 1.5 GeV to use the PQCD
results for the hadronic matrix elements [28]. For 4 flavors,
we have the following numerical values of C;(1.5 GeV) in
LL precision using the standard quark masses:'

Cl=-0453,  Cl'=CIfARR/ALE,  C1=1.231,  CY = CigARR/ALE,
C; = 0.024, C, = —0.046, Cs = 0.012, Cs = —0.066,
C; = 0.014¢, Cg = 0.0609¢, Cy = —1.436¢, Cio = 0.503a, (17)
CY = —0.389 — 17.86A", CY = —17.86A™,
C§ = —0.177 — 7.858A", C§' = —7.858A"*,
C¥, = 0.641A", U = 0.879A%, CY} = 0.641A™, Cth, = 0.879A™,
|
where subdominant NP terms are neglected Note that  and
C% — Cj, are negligible comparlng to €Y and C§' whereas
C’12 and Cll |2 are not. Cl)2 and C11 12 can be important
especially to the tree-dominated B decays 1 2 k2x(1—
I(m,k,,u)=4] dxx(l—x)lnl:m—xz(x):l, @1)
0 M

IV. B— K7 DECAY AMPLITUDES

Following the procedure of Ref. [19] of including the
penguin-type diagrams of the current-current operators
O, and the tree-level diagrams associated with the mag-
netic operators 07y and 086, the one-loop matrix elements
of H . can be written in terms of the tree-level matrix
elements of the effective operators:

_ G
(sqql H o|B) = \/g A Z C(sqqlO;| By
i=1
+ (Cj?ffO,- — C?ff’Of), (18)
with the effective WCs
celt) = ¢l (i =1,2,810,11,12),
Ceff(/) C(/) ¥ Cg), Ceff(/) C(/) Cg),
1 (19)
eff eff
CS n _ Cgl) _ N_Cg)’ C6 n _ C(6/) + Cg),
Ceff(/) C(/) C()f), Ceff(/) C(/) + C()f),
where
C(/) s /\LLCII(/)] k + 2CG(’) m_%
LL Z (m y mb) 8 2 b
8 )l e k
1 1
cy = 377[ o > /\gL(C?(’) + Fc;'(’))f (g, k, my)
q=u,c c
m
+ 3" k;] (20)

and where k is the momentum transferred by the photon or
the gluon to the (g, g) pair. Here k* is expected to be
typically in the range m2/4 < k* = m2/2 [29], and we
will use k*> = m3/2 for our numerical analysis. The
expression of the decay amplitudes can be further simpli-
fied by combining the effective WCs in the following
way:

) oy , 1
ari—1 = ng 1t N

1

£f .
N CZif'f (i=
C

Cef'f(/)’
2i (22)

al) = 10 4 1,23),

where the factor 1/N, originates from fierzing the opera-

tors OE') after adopting the factorization assumption, and
N, is simply equal to the number of colors in the naive
factorization approximation based on the vacuum-insertion
method [30]. Also, in the PQCD approach, N, = 3 as well
because of the cancellation between the nonfactorizable
contributions.

The matrix amplitudes for B — K7 decays can then be
written in terms of the effective WCs as

1Although QCD correction factors in C| 12 are different from
those in C), in general, we use an approximation a,(My:) =
a,(My) for simplicity, which will not change our result.
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A(B° — 7°K°)

G 3
= —F{[AﬁL(CH +pian) + EA{‘L(% - a9)j|X(BK’7T)

2
LL 1 k(, 1 (BmK)
+ At a4 2a10 + 2p¢| ag 2a8 X

1 1
+ )\ZLLI:a4 — a0t 2p§(a6 - Eag)]X(B’”K)}

+ (a; — —a)), (23)
A(B— 7tK™)
Gr {
= —— /\’,;La +ap,) — A (a, + a
\/E [ ( 2 12) t ( 4 10
1
+ 208 (a + a) X0 = 4 0y~ S
1
+ 2p§(a6 - Eag)]xwm} + (a; — —al), (24)

AB~ — 7°K")

G 3
= TF{[)‘ﬁL(al +pian) + iAzLL(Ch - a9):|X(BK’7T)

+[AH(ay + arp) — AfF(ay + ayg
+2p¥(ag + ag)) X0 + [AfE(ay — ap)

— Aft(ay + ayo +2pf(ag + as))]X(B’WK)}

— !

+ (ai — al.), (25)
0 30° 60° 90°
180° [ e =y oo oo oo SRS SSPSRN 1800
Z | I

: 1 ]
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FIG. 1 (color online).
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AB~ — 7 K°
G 1 1
= T;{_)\{‘L[azx %0t 2P§(06 - E“s)]X(B”’K)

+[A5E(ay — apn) — AFE(ay + ayg

+2pf(ag + as))]X(B’ﬂK)} + (a; — —aj), (26)
where
XEET = — /270 iy* ysulOXKO|5y , bl BO)
= if  F§— 5 (m7)(m — ),
XBmK) = + /2RO 5y y5d|0) 70l dy, bl BO)
= if g F§~ " (mi)(my — m%),
XB7K) = 427 KO|5y*d|0)0ldy,, ysb|B®)
= if pF§X (mp)(my — m3), @D
and where
m
pll=—L (H=mK B gqg=u,s). (28)

mbmq

Note from Eq. (27) that the form factors F5~X and F§~™
can be determined by relevant semileptonic B decays, but
FTX is not. Because of the significant hadronic uncertain-
ties in the factorization approximation of the matrix am-
plitudes, it is very difficult to separately determine the size
of NP contributions. Therefore, in this article, instead of
performing a complete analysis by varying all relevant
independent NP parameters (,, &,, Og, @534) in this

180° =y

30° °
TR R PP _Y 180°
1
1
R

120°

@2

60°

Allowed regions for a, and 6y at 20 level for My, = (gg/g.) X 1.5 TeV. The blue (vertical mesh), red

(horizontal mesh), and yellow (no mesh) regions are allowed by the current measurements of A-p(B® — K*7%), Acp(B* — K~ 7r°_),
and Acp(BT — K%7™), respectively. The dotted and dashed lines indicate the bounds by the measurements of V,, and BY — BY
mixing, respectively. Each plot is obtained for (a) @; = a3 = 7w or (b) @) = 7, a3 = —7/2.
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respectively. The dotted and dashed lines indicate the bounds by the measurements of V,;, and BY — BY mixing, respectively. Each plot

is obtained for (a) @} = a3 = 7w or (b) a; = 7, a3 = —7/2.

model, we fix &, and a;34 for simple illustration of
NP effects. Also, for numerical analysis, we use the
following values of form factors obtained from PQCD
calculation [31]:

F§~K(m%) =037,  FE~"(m%k) = 0.24,

29
F7X(m%) = (0.39 + 8.16i)107*. 29

The form factor FJX(m3%) which originates from annihila-
tion contributions is complex due to the final state quark
interactions, so that it could be important in CP observ-
ables. Also, due to the enhancement factor p? proportional
to m3%, the annihilation contributions are not negligible.

V. RESULTS

For illustration of allowed new model parameter spaces,
we first fix the new gauge boson mass to be My =
(gr/gr) X 1.5 TeV, and plot the allowed region of a,
and 0 at 20 level for @y = @3 = 7 in Fig. 1(a) and for
ay = 7, ay = —1r/2 in Fig. 1(b), using the present experi-
mental bounds of the CP asymmetries in Eq. (1). With the
chosen NP parameters, the branching fraction of each decay
mode in Eq. (23) agrees with the present experimental
measurement as well. In Fig. 1, the region (nearly all) above
the dotted line is allowed by the V,, bound given in
Eq. (6), and the shaded area inside the dashed lines is
allowed by the BY — B? mixing bound in Eq. (10). From
the overlapped allowed regions of the figures, one can see
that the value of 6, could be either small or large, but
nonzero value of a, near 60° is preferred in both cases
similarly.

In order to clearly see W/ mass dependence, we plot
the allowed region of 6 and ¢, at 20 level for a, =
55° in Fig. 2, taking into account the constraint from the
muon decay measurements given in Eq. (4). In Fig. 2,
similarly, the shaded regions left of the dotted and
dashed lines are allowed by the V,, bound given in
Eq. (6) and by the B — BY mixing bound in Eq. (10),
respectively. With the given parameter sets, we estimate
the size of the right-handed current contributions respon-
sible for the present measurements of Acp(B°—
K=7%), Acp(B* — K= 7%, and Acp(B® — K'7r*) as
shown in Fig. 2, and obtain the lower bound of [,
approximately given as {, = 0.0015 which corresponds
to the upper bound of W' mass My < (gr/g.) X
2.1 TeV. We found that this mass bound could be some-
what higher for different values of «,, but not drastically
different. It should also be noted that we scanned other
sets of NP parameters, and have no better results (no
wider simultaneously allowed regions) for different
values of a 34.

VI. CONCLUDING REMARKS

In this paper, we studied the right-handed current
contributions to the direct CP asymmetries in B — K
decays taking into account all possible tree and penguin
contributions including annihilation-type amplitudes by
adopting PQCD approach in the nonmanifest LRM.
Without imposing manifest or pseudomanifest left-right
symmetry, we parametrized VX as shown in Eq. (3) so that
W' mass is not strongly constrained by the current direct
and indirect search results [13,18], and showed that the
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CP asymmetries are sensitive to the phases and angles in
VR as well as to the mass of W’. We considered the
constraints from the global analysis of muon decay
parameters, the determination of |V,,| in inclusive and
exclusive B decays, and BY — B? mixing measurements.
With the given phases, one can see from the figures that
relatively large value of the mixing angle 0y is preferred
unless W' mass is as light as a few hundred GeV. This
could also give simultaneous explanations to the large
branching fractions of B — 7v transitions due to a large
fraction VK /vL [17], and also to the large CP-violating
like-sign dimuon charge asymmetry in semileptonic B
decays [20] due to a large CP-violating phase in B
mixing [18]. Also, with the given parameter sets, Fig. 2
shows that it is favorable that the mass of W’ is lighter

PHYSICAL REVIEW D 88, 035012 (2013)

than around (gz/g;) X 2.1 TeV in order to incorporate
the current experimental measurements. In this way, CP
asymmetries in other nonleptonic B decays such as B —
Kp and B — K" can be estimated systematically and
similarly, and all of these analysis of possible NP contri-
butions can be tested once future experimental progress
can further improve the bounds.
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