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The lepton flavor universality violation has been reported in the various flavor ratios such as Rg,
Rk+,and P{inB — K () * ™ decays. In this context, we perform an angular analysis of the four-
body differential decay of By — f; (1525) (— K™ K™) u* u~ in a model independent effective
field theory formalism and provide a complementary information on the lepton flavor universality
violation. The underlying decay mode proceed via similar b — s/* [~ quark level transition. We
give predictions of various physical observables for By — f; (1525) (— K™ K~) u* u~ decays
in SM and in the presence of various NP scenarios. This can be easily tested in the ongoing LHCb
experiment.
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1. Introduction

Over the period of time, the tension in the theoretical predictions and the experimental mea-
surements of the lepton flavor universal ratios Rg ) and Ry is reduced to some extent but the
curiosity to discern the absolute understanding of the anomalies in B system remains as itis. To date,
several experimental measurements in the semileptonic decays of B mesons involving b — si* [~
(I € e, ) neutral current and b — clv (I € e/u, 7) charged current quark level transitions from
various B factories manifest a clear disagreement with the SM expectations which clearly hint for
the lepton flavor universality violation (LFUV). In Table 1, we report the current status of Rx, R+,
P;inB — K [* [~ decays and the branching ratio of B(By — ¢ u* ).

‘ ‘ ¢* bins ‘ Theoretical predictions ‘ Experimental measurements ‘ Deviation

Ri [1.0,6.0] 1£0.01[2,3] 0.846%31{1333 (stat) *0-016 (syst) [1] ~250

1+£0.01([2,3 0.660*0- tat) £0.024 (syst) [4
R 1+0.01[2,3] 0.52*93 (stat) +0.05 (syst) [5] )4

K (1.1, 6.0] 1+0.01[2,3] 0.685*0-113 (stat) +0.047 (syst) [4] i
T 1+0.01[2,3] 0.96%0:4> (stat) +0.11 (syst) [5]

[4.0, 6.0] -0.757 + 0.074 [7] -0.21 +0.15 [8-10] ~ 330

P (4.3, 6.0] —0.77410 0 0T [6] —0.96*037 (stat) £0.16 (syst) [12] | ~ 1.00

(4.0, 8.0] —0.881 +0.082 [14] —0.26710% (stat) £0.049 (syst) [13] | ~2.10°

B(BY) | [1.0,6.0] | (539+0.66) x 1078 [15, 16] (2.57£0.37) x 1078 [11, 17] ~370

Table 1: Current status of Rx and R+ and P; in B - K@ "] and the branching ratio of 8(B; —
putp)

In this context, in the present article we discuss the four body decay of By — f)(1525)(—
K*K™)u*u~ which undergo similar » — s/~ quark level transitions. The study of this decay
mode is important because it provides complementary information regarding the LFUV in b —
s [* 1™ transitions. We give predictions of various physical observables such as the branching ratio,
the longitudinal polarization fraction, the forward-backward asymmetry, the angular observables
Py, P, PA", Pg and also the lepton flavor sensitive observables such as the ratio of branching ratio
Ry, OF, Qapgs Q1, Q2. O, Qf for the By —  f; (1525) (— K*K™) u" u~ decay mode in the
standard model and in the presence of several 1D and 2D new physics scenarios.

2. Model independent framework

The relevant effective Hamiltonian for b — s [* [~ quark level transition decays in the presence
of new vector and axial vector NP operators is as follows,

Gr .
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where all the constants have their usual meanings as defined in [18]. Here the Cév 1’8 and C9 1o Tefer

to the new Wilson coefficients (WCs) which include the effects coming from the new vector-axial
vector NP couplings. The factorizable loop terms are incorporated within the effective WCs C; eff
and C9f /" as defined in Ref. [19]. The values of each new WCs are taken from the global fit results
of Ref. [20]. Using the helicity formalism we get the differential decay width and also we define
various physical observables for By — f;(1525) [* [~ decays. The relevant formulas and all the
omitted details can be found in Ref. [18]. Moreover, for the form factor input parameters we refer

to the values evaluated in the pQCD approach as reported in [21].

3. Results and Discussions

3.1 Standard model predictions

In the SM, we obtain the branching ratio of By — f5(1525)(— K" K~) u* u~ decays to
be of the order of O(10~7). We obtain the similar behaviour for both ¢ mode and x mode of
By — f,/(1525)1" I~ decays. In SM as there is LFU, the observable R 5 is found to be almost

equal to 1 and ng') to be equal to 0. We see that the Az g (¢?) and P»(g?) have zero crossing points
at g> ~ 3 GeV?2. Similarly, the Pé’l(qz) and P;(qz) have the zero crossings at ¢g> ~ 1.4 GeV? and

2 ~ 1.6 GeV2. These zero crossings later help us to distinguish among various NP scenarios.
The angular observable P;(g?) is quite interesting as it is almost zero in the low ¢>. The ratio of
branching ratio R f2f(q2) is constant and equal to ~ 1. Interestingly, the uncertainty in Rifz/(qz) is
almost negligible. For all the omitted details one can refer to [18].

3.2 New physics predictions

In the effective Hamiltonian the NP can enter through several NP Lorentz structures such as
vector, axial vector, scalar, pseudoscalar and tensor operators. In our analysis we do not consider
the NP effects coming from the scalar, pseudoscalar and tensor NP Lorentz structures. Among the
various available global fits to the b — sI* [~ data, we mainly follow the Ref. [20] for the values
of new WCs. In particular, we consider C¥F and C/

9,10 9,10
1D and three 2D NP scenarios. The observations are as follows.

NP operators and they are studied in four

3.2.1 1D scenario

In this section we look for the NP effects coming from CN P CII‘(’)P , CN P = CN P and
Cy NP = —Cy WCs. We give predictions of several observales in dlfferent q° bms In the F1g 1, we

dlsplay the b1nned plots for R/, P and Q7. The ratio of branching ratios R £/ 1s significant at more
than 50~ from the SM. The P/ is llttle interesting in the g% € [0.045,0.98] bin where the C}' ' = —C
deviate at around 1o from the SM prediction. The Q! obtained in case of CJ¥F, CJY P -CJY »
and Cé\’ L= = —C§ NP scenarios are clearly distinguishable from the SM predlctlon at more than
5o significance. Similarly, we notice that there are deviations from the SM expectations in the
branching ratio, Fr and Arp due to CNP and CNP C%P, but the CNID —C’ NP coupling
is found to be more significant from the rest. In the case of angular observables (P] ), (P2), (P}),
(P5), although the SM differ slightly with respect to the different NP scenarios, no distinguishable

observations are made. On the other hand, the deviations in the LFU sensitive observables are quite
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interesting. In the observable Q1, the Cév P — —Cé deviate at 50 from the SM. Similarly, in O, and
Q) the Cév P and C;v = —C§ NP scenarios are distinguishable from the SM prediction at more
than 5¢ in the particular > bins. Also the Qa,, and QF, are distinguishable from the SM at the
level of 30 significance.
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Figure 1: The binned plots of Ry, P} and Qg in the top panel and the g* dependency of forward-
backward asymmetry Af g (g?) in the bottom panel in presence of 1D scenario for the By — fy (1525) (—
KK )ptu.

Similarly, in bottom of the Fig. 1 we show the ¢? dependency of the forward-backward
asymmetry Arpg(g?) in which the green band is for SM and the respective colors represent various
1D NP scenarios. The Arp(g?) seems to be very interesting observable since we see the zero of
Arp(q?) shifts towards the higher ¢ region for most of the NP scenarios as compared to the SM.
However, the zero crossings for SM and C %P overlaps at g% ~ 3i%‘_2 GeV?2. Similarly, we have the
zero crossing for C;VP = —Cﬁ’)P at g> ~ 3.3 GeV?. The zero crossings for CéVP and CéVP = —Cg NP
scenarios are found at g> ~ 3.8 GeV? which is distinguishable from the SM prediction at the level
of 10 significance. On the other hand, there are quite interesting observations even with the other
observables such as F1(¢?), P2(g%), P;(¢%) and P,(4?). In general, the C)'* and C'* = —-C§ NP
scenarios make distinguishable impact on most of the observables as compared to the SM and rest
of the NP couplings. One can refer to [18] for all the omitted details.

3.2.2 2D scenario

In this section we will discuss the impact of 2D NP couplings such as (C5' ”, CNF), (C)'F, C})
and (Cé\' P Cly)- We show in the Fig. 2 the binned plots for Ry, P and Qf in the presence of
2D NP couplings. In the case of Ry, all the NP scenarios are distinguishable at more than 30
from the SM prediction and in particular, the (Cév L C;) and (Cév Lol {0) NP scenarios are quite
significant at more than 5o~ significance. The value of P; obtained in the bin g% € [0.045,0.98]
in case of (C;V P Cé) NP scenario shows deviation of around 1o from the SM prediction, whereas,
with other NP scenarios, it is consistent with the SM prediction. Similarly, the Q7 obtained in



LFUVin By — f;(1525)(— K*K™)u*u~ N Rajeev

each NP scenarios is clearly distinguishable from the SM prediction at more than 5o~ significance.
Interestingly, the ( Cév P, C;) NP scenario is more pronounced in most of the observables. However
on the other hand, the branching ratio, Fr., Arp and the angular observables (Py), (P2), (P}) are
significant at the level of 10~ from the SM. In addition to this, the other LFU sensitive observables
such as (QF, ), (Qap), and <Q§')) show very clear distinction between the SM and various NP

scenarios.
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Figure 2: The binned plots of R £ P; and Qf in the top panel and the g* dependency of forward-
backward asymmetry Ar g (g?) in the bottom panel in presence of 2D scenario for the By, — £y (1525) (—
KK )t

Similarly, it is worth to discuss the impact of the 2D NP couplings in the ¢ dependent
observables. In the bottom of Fig. 2 we show the plot for Arg(g?). As we can see the Arg(g?) is
shifted to higher g region for all the NP scenarios as compared to the SM. The zero crossing points
for Arp(g?) in the case of (Cévp, C%P), (Cévp, C;) and (CéVP,C{O) NP scenarios respectively
found at at g*> ~ 3.6 GeV?, g> ~ 4 GeV? and ¢®> ~ 4.1 GeV?. In fact, the (Cévp, C;) and (CéVP, Clp)
NP scenarios are distinguishable at more than 1o from the SM. Also all these values which are
found in this 2D scenario are distinct from the SM as well as the 1D scenario. In addition, various
other observables exhibit interesting features. The details can be found in [18].

4. Conclusion

We have performed a detailed angular study of the four body decay of By — f;(1525)(—
K* K™) u* 1~ in a model independent effective field theory formalism. We have given the predic-
tions of several observables in SM and in the presence of various 1D and 2D NP scenarios. The
zero crossing for Arg(g?) is quite significant since it can, in principle, give useful information
regarding lepton flavor universality violation in b — s1* [ transition decays. Interestingly, the
lepton flavor sensitive observables such as Rys and Q observables are exceptionally clean with
1% of their theoretical uncertainty. In fact these observables make the ideal candidates to probe
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NP in b — sI*[™ transition decays. Comprehensively, in our NP analysis we do observe sig-
nificant contributions coming from the primed WCs such as Cév P= —Cg in the 1D scenario and
(Cév P, C;) and (Cé" P c {o) in the 2D scenario. To this end, the theoretical understanding of the
By — f,(1525) 1" I” transition decays are crucial as they make a complementary information
regarding the lepton flavor universality violation in b — 51"~ decays.
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