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The decay mode B — K*/™ ¢~ is regarded as one of the attractive mode to look for physics beyond
standard model (SM) due to the measurement of large number of observables in experiments.
Starting with the most general parametric form of the decay amplitude within SM, two differ-
ent analyses have been carried out. First we show how recent LHCb data can be used without
any approximations to extract theoretical parameters describing the decay. We find significant
discrepancies in the form factor values obtained from experimental data when compared with
theoretical expectations in several dilepton invariant mass squared (¢%) bins. We emphasize that
the discrepancy observed in certain variables cannot arise due to resonances and non-factorizable
contributions from charm loops. Secondly, the same model independent framework has been im-
plemented in the maximum ¢? limit to highlight strong evidence of right-handed currents, which
are absent in the SM. The conclusions derived are free from hadronic corrections. Our approach
differs from other approaches that probe new physics at low ¢? as it does not require estimates of
hadronic parameters but relies instead on heavy quark symmetries that are reliable at the maxi-

mum ¢ kinematic endpoint.
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1. Introduction

The rare decay B — K*/T¢~ involves a b — s flavor changing loop induced transition and
hence are very suppressed in the standard model (SM). The rich angular analysis of this mode
leads us to measure plethora of observables at experiments and thus currently is of great interest to
both theory as well as experimental groups. In this note, we briefly discuss the results obtained in
our recent studies on this mode and refer the reader to Refs. [1, 2, 3] for detailed description.

2. Model Independent Framework

In this section we briefly discuss the theoretical framework adopted to comprehensively con-
sider almost all possible contributions within SM for the decay B — K*¢*¢~. We start with the
observables as defined in Ref. [1] to be Fy, F, A4, As, App related to the CP averaged observables
S3, S4, S5, Apy” measured by LHCD [4] as follows:
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The observables are functions of transversity amplitudes and in the massless lepton limit the decay
is described by six transversity amplitudes which can be written in the most general form as [1],

AR == (CsFC10)F1 — %, 2.2)

This parametric form of SM amplitude includes all short-distance and long-distance effects, factor-
izable and non-factorizable contributions and resonance contributions. In Eq. (2.2) C9 and Cj¢ are
Wilson coefficients with C§ being the redefined “effective” Wilson coefficient defined [1] as
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where ACS™ (¢?), ACE ™9 (¢2) correspond to factorizable and soft gluon non-factorizable con-
tributions. .%, and ¢, are the form factors for the decay mode.

2.1 Hadronic parameter extraction

The amplitude given in Eq. (2.2) can be used to extract out the hadronic parameters which are
involved in this mode. The observables F|, F;, Arg, A5 and A4 can be written [1, 2] as
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We find the solutions for five independent hadronic parameters Py, P2, {, ug and u, from these
five set of equations of observables using 3fb~! of LHCb data. The allowed region for the solution
in P1—P; plane for ¢*> € {6,8}GeV? is shown in the left panel of Fig. 1. For the detailed description
of extraction procedure and regions for all eight bins in ¢?, in different planes of variables, we
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refer the reader to Ref. [2]. It should be noted that the contribution arising from charmonium
resonances can be parametrized in Wilson coefficient Cy [5] and by definition the parameters P,
P, are independent of Ch, implies their solutions are also independent of resonance contributions.
Hence any discrepancy observed in P;—P; plane can not be accounted by resonance eftects. With
the obtained solutions for Py, P,, { and using measured branching fraction Iy, the form factors .7
can be extracted which are related to the well known form factors V, A; and A, [6]. The extracted
values are given in right panel of Fig. 1 and show discrepancies in several ¢> bins in comparison
with the estimate from light-cone-sum rule (LCSR) and lattice results [6].
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Figure 1: (right panel) The solutions obtained using LHCb data in P;—P, plane where the yellow, orange
and red regions denote 16, 30, and 5o confidence level regions for ¢> € {6,8} GeV?2, respectively. The blue
error bar is the prediction from LCSR calculations [6]. (left panel) The mean and 10 errors (upper line)
for the LHCDb data extracted values of form factors V, Ay, A» and the deviation in confidence level (lower
line) with their theoretical estimates are highlighted for some ¢ bins where the discrepancies are significant.

2.2 Endpoint analysis

In this section we use the model independent framework to look for a possible new physics
(NP) scenario. We begin with general form of the amplitude from Eq. (2.2) modified with the
presence of right-handed (RH) currents as,

AR = (G +Co) F (Cro+Clo)) F1 =91, )y = (G = C) T (C1o—Clo)) Flo—F0 (25)

where Cjy and C}, are the new couplings associated with RH operator O and O/, respectively. With
the introduction of some notation; r; = Re(¥))/.#, —Re(C}), & = C},/Cio, and §' = C§/Cyo, we
construct the following variables,

RL:<é;_/>/“+@a&p:<2£+§>/u_§y

At low recoil energy of K* meson, only three independent form factors describe the whole

(2.6)

B — K*(*¢~ decay and there exist a relation among the form factors at leading order in 1/mp
expansion given by [7], %]/%‘ = %l/ffl = f%/ﬁo = —Kk2mpmpCy/q*, where k ~ 1. Hence at
the maximum point in ¢? i.e the kinematic endpoint ¢2_, one defines r such that ry = r=rL=r.
Therefore Eq. (2.6) implies that in the presence of RH currents one should expect Ry = R # R
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at g*> = g, without any approximation. Interestingly, this relation is unaltered by non-factorizable
and resonance contributions [8] at this kinematic endpoint. To test the relation among R ’s in light
of LHCb data, first defining 6 = qu — qz, we expand the observables F7, F|, Apg and As around
q>.. as follows:
1
Fo=s+ RS+ VSRS Fi=FUs+ P8 1 F,
Arg = AN+ AR 4 AR A5 =46+ 4P 67 1 AP 57, 2.7)

The zeroth order coefficients of the observable expansions are assumed from the constraints arising
from Lorentz invariance and decay kinematics derived in Ref. [8], whereas all the higher order
coefficients are extracted by fitting the polynomials [3] with 14 bin LHCb data as shown in Fig. 2.
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Figure 2: An analytic fit to 14-bin LHCb data using Taylor expansion at ¢>,_ for the observables Fy, F| , Arp
and As are shown as the brown curves. The 10 error bands are indicated by the light brown shaded regions.
The points with the black and gray error bars are LHCb 14-bin and 8-bin measurements [4], respectively.

The limiting analytic expressions for R at g*> = g2, are
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It can be seen that as w;, @, contain coefficients which are extracted from data, the variables
R;’s can be estimated using data only and the allowed region is shown in gray bands in Fig. 3
left panel. A significant deviation is seen from a slope of 45° line (red line) which denotes R| =
R|| = Ry and thus hints towards the presence of RH currents without using any estimate of hadronic
contributions. To quantify the RH couplings, we use Eq. (2.6) and the results are shown in last two
panels of Fig. 3. The middle panel uses the SM estimate of parameter r/C) and the SM prediction
for C 10 /Cip and Cg /Cio (the origin) is at more than 5o confidence level. However for the last panel
we consider extra NP contribution to Wilson coefficient Cy i.e. C9NP ~ —1 as hinted from the global
fit analysis [9]. The decreased value of r/Cj( reduces the significance of deviation of RH current to
30 level, however with the scan over all /Cjg values we find that this is the least possible deviation
that can be obtained using recent experimental measurements of observables from LHCb .

3. Summary

e A formalism has been developed to incorporate almost all possible effects within the SM.
The approach we have adopted in our work differs from the other approaches in literature as
we have no or minimal dependency on hadronic uncertainties.
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Figure 3: (left panel) Allowed regions in R| — R) o plane are shown in light and dark gray bands at 16 and
50 confidence level, respectively. The red straight line corresponds to the case R; = R i.e. the absence of

RH
lo,

couplings. (middle panel) In C},/Cio — Cy/Cio plane, the yellow, orange and red regions correspond to
30 and 50 significance level, respectively where SM input for /Cjg [6] is used. The best fit values of

Cio/Clo and Cé/Clo, with =10 errors are —0.83 £0.82 and —0.90 £ 0.28, respectively. (right panel) Same
color code as the middle panel figure. The chosen value of r/Cj includes C9NP ~ —1. The SM predictions
for all the three plots are indicated by the stars. Strong evidence of RH current is pronounced from the plots.

e Discrepancies are found in form-factor values extracted form data compared to its theoretical
estimates. Our study includes complex contributions of the amplitudes and systematics have
also been added for bin-bias. We have argued that resonances can not affect all of them by
definition.

e We find strong evidence of RH currents derived at endpoint limit. A systematic study has
been performed by varying the polynomial order (Eq. (2.7)) and the number of bins used to fit
the polynomials. The coefficients show a very good convergence. The finite width effect of
K* meson has also been considered. A detailed study of resonance systematics and inclusion
of experimental correlation among observables can reduce the significance of deviation.
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