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Abstract

We discuss the possibilities of assessing a non-zero C; ) from the direct and the indirect measurements of the photon

polarization in the exclusive b — sy decays. We focus on three methods and explore the following three decay
modes: B — K*(— Ksn%)y, B — K|(— Knn)y, and B — K*(— Kn){*¢~. By studying different New Physics
scenarios we show that the future measurement of conveniently defined observables in these decays could provide us

with the full determination of C7, and C7’y.
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1. Introduction

The radiative decay b — sy has been extensively
studied as a probe of the flavour structure of the Stan-
dard Model (SM) as well as New Physics (NP), beyond
the SM. While the majority of studies has been focused
on the prediction of the decay rates of exclusive and
inclusive b — sy decays, relatively few studies of the
right-handed currents in these decays have been made.
In the SM, the emitted photon is predominantly left-
handed in b, and right-handed in b decays. This is due to
the fact that the dominant contribution comes from the
chiral-odd dipole operator ()7(;) = #m;,EL(R)O'WbR(L).
As only left-handed quarks participate in weak interac-
tion, this effective operator induces a helicity flip on one
of the external quark lines, which results in a factor m,
for bg — spyL, and a factor m, for b, — sgyg. Hence,
the emission of right-handed photons is suppressed by
a factor my/my,. This suppression can be lifted in some
NP models where the helicity flip occurs on an internal
line, which brings in a factor myp/m;, instead of m/my,.

If the amplitude for b — sy is of the same order as
the SM prediction, or the enhancement of b — syg goes
along with the suppression of b — sy;, the impact on
the branching ratio is small since the two helicity am-
plitudes add incoherently. This implies that there can

Email address: Andrey .Tayduganov@th.u-psud.fr (Andrey
Tayduganov)

0920-5632/$ — see front matter © 2012 Elsevier B.V. All rights reserved.

doi:10.1016/j.nuclphysbps.2012.12.008

be a substantial contribution of NP to b — sy escap-
ing detection when only branching ratios are measured.
Therefore, the photon polarization measurement could
provide a good test of the SM or at least a useful indica-
tion of NP.

2. Various methods for determination of C7’y

The b — sy process can be described by the effective
Hamiltonian',

4G
Her = —T;V,bv:; | Coy )O3y (1) + €7, (11)03, (1)
(1)

where the short-distance Wilson coefficient C7),(C7’y)
describes the left(right)-handed photon emission ampli-
tude of b — sy. In the SM, C7’y/C7y ~ my/my ~ 0.02.

Three methods have been proposed for the measure-
ment of the photon polarization or equivalently the ratio
C7,y / C7yi

The short-distance QCD effects induce the mixing of 07(;) with

the other operators which we omitted writing in Eq. (1). This ef-

fect can be absorbed by defining the so-called “effective” coefficients

C;')Cﬁ. For notational simplicity, whenever C.”’ appears in what fol-
Y Y

lows, C;Qeff, evaluated at the scale pup ~ mp pole = 4.8 GeV, will be
understood.
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e An indirect determination of the photon polariza-
tion, proposed by Atwood et al. [1], is the measure-
ment of the time-dependent mixing-induced CP-
asymmetry in the radiative neutral B-mesons de-
cays such as B —» K*(— Ksn')y, and B, — ¢y,
which is determined by the S parameter,
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where ¢y is the phase in the B — B mixing, which
in the SM is ¢ = 28 ~ 43°, and ¢, = 0, for the B,
and B, mixing, respectively. Such measurements
are expected to be made at future super B facto-
ries, reduce the experimental error on the asymme-
try parameter S g+, down to 2%.

e A direct determination, proposed by Gronau et
al. [2], is based on the study of the angular dis-
tribution of the three-body final state, Knmr, com-
ing from the axial vector K;(1*)-meson decay, in
B — K|(— Knn)y, and extraction of the polariza-
tion parameter A,,
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In Ref. [3] this method was improved by using a
new variable w, which includes not only the an-
gular dependence but also the dependence on the
three-body Dalitz variables which can significantly
improve the sensitivity of the measurement of the
polarization parameter. Recently measured by the
Belle collaboration 8(B — K;(1270)y) appeared
to be comparable to B(B — K*y), which opened
the possibility of measuring the photon polariza-
tionin B — Ky.

e Another indirect way to study the right-handed
currents is based on the angular analysis in the
semileptonic B — K*(— Km)(*(~ decay’. In par-
ticular, two transverse asymmetries, ﬂ(Tz) (qz) and
ﬂ?m)(qz), introduced in Refs. [5, 6], are highly
sensitive to the b — sy process at very low dilep-
ton invariant mass squared ¢*> = (p¢+ + pe-)?,
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2In our analysis we do not consider the pollution by the B —
Ki(— Km)t*{™ events [4].

These three methods, having their own advantages
and disadvantages, can be complementary to each other.
Combination of all three of them can in principle put a
strong constraint on the short-distance C7(;) coefficients
in a model-independent way which then can be used as
a constraint in building the NP models.

3. Constraints on C7’y combining various methods of
the photon polarization determination

3.1. Current constraint on C7’7 by B(B — Xyy) and
Skey

In Fig. 1 we show the constraints on C7’7/C7y avail-
able at present and compare them with those that are
planned to be obtained from the future measurements.
For illustration, we consider two NP scenarios’:

: 7. ~(NP) 7 (NP) .
e scenario [: C77 eR, C7y eR;
e scenario II: C;EP) =0,C. " e,

In all plots presented in Figs. 1-3, we use the con-
straint from the inclusive rate. The region outside the
gray (dark gray) circle is excluded at 30 (10) level by
the current measurement [8],

BB - X,y) = (3.55£024)x 107*, (5

which we combined with the SM prediction given in
Ref. [9].

In Fig. 1 we show the constraints from already mea-
sured B(B — X,y) and Sg+,. Orange (dark orange)
region represents the +30 (+10) region allowed by the
current measurement of S -, [8],

S?}; =-0.16 +0.22. (6)
Performing a y°-fit of B(B — X,y) and S k-y, we obtain
the 95% and 68% CL regions for C7’y for each consid-
ered NP scenario. One can see from the plots in Fig. 1,
that there is still room for NP. Note, however, the ap-
parent ambiguities in the C7,, — C7’y plane: in scenario /
it is fourfold in the C7, — C; plane and twofold in the
Re[C;y] - I m[C7’y] plane in scenario II, respectively.
Therefore, it is clear that additional observables are re-
quired to pin down the real and imaginary parts of C7(’y)

3For more tested scenarios and details see Ref. [7]
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