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At Moriond 2019, Belle collaboration announced their new measurements on Rp and Rp+ which
are in agreement with their Standard Model (SM) predictions within 1.2c. After inclusion of these
measurements, the discrepancy between the world averages and the SM predictions of Rp-Rp-
comes down from 4.10 to 3.10. Here we do a global fit by taking all measurements in b — ¢tV
transition. We find that there are seven allowed new physics solutions, each with different Lorentz
structure. Further we show that it is possible to distinguish between them by means of the five
observables: the 7 polarization fraction in the decay B — D71V, the precision measurement of
Rp, the forward-backward asymmetries in the decays B — (D,D*)TV and the branching ratio of
B.— 1tv.
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1. Introduction

The BaBar, Belle and LHCb collaborations have made a series of measurements of the flavor
ratios Ry, = ['(B — D) tv)/T(B — D) {e/u} V). The average values of these measurements
differ from their respective Standard Model (SM) predictions by 4.10, based of HFLAV summer
2018 [1]. These measurements indicate the violation of lepton flavor universality. In 2017, LHCb
collaboration also measured the related flavor ratio R;/y, = ['(B. — J/wtV)/TI(B. — J/yuv)
and found it to be 1.7c higher than the SM prediction [2]. In addition to the branching ratios,
it is possible to measure various other quantities in B — D* TV decay. The polarization fraction
of the 7 lepton PP [3] has been measured by Belle collaboration which is found to be consistent
with the SM prediction. The higher values of Rp, Rp- and R;/, are assumed to occur due to new
physics (NP) contribution to the b — ¢ 7V decay. New physics in b — c{e/u} v is ruled out by
other data [4].

In the SM, the charged current transition b — ¢ TV occurs at tree level. To account for the
measured higher values of flavor ratios, the NP amplitudes are expected to be about 10% of the
SM amplitude. The complete list of NP effective operators leading to b — ¢ TV decay are listed
in ref. [5]. These operators can be classified by their Lorentz structure. The purely leptonic decay
B, — 1V is also driven by these operators. This decay mode puts a stronger constraint on the
scalar/pseudoscalar NP operators. LEP data imposes a strict upper bound on this quantity which
is B(B. — tv) < 10% [6]. In ref. [4], a global fit was done using the data availble up to summer
2018. The allowed NP solutions, listed in Table IV of ref. [4], satisfied the constraints (a) )(Iiim <4
and (b) (B, — 1V) < 10%. In ref. [7], a possible discrimination between these NP solutions was
studied by means of angular observables in B — (D,D*) tv decays. In particular, the tensor NP
solution Cr = 0.516 can be uniquely distinguished by D* polarization fraction, if it is measured
with a 10% accuracy [8].

During the last one year, the Belle collaboration has announced two new results:

e They made the first measurement of D* polarization fraction fP". The measured value,
0.60 £ 0.08 (stat.) +0.04 (syst.) [9], is about 1.56 above the SM prediction [8].

e At Moriond 2019, they also presented new measurements of Rp-Rp+, where the 7 lepton
was tagged in the decays B — (D,D*) V. The newly measured values are Rp = 0.307 =
0.037 £ 0.016 and Rp- = 0.283 £ 0.018 =20.014 [10]. These are consistent with the SM
predictions [1].

Including these new measurements in the global averages leads to Rp = 0.3404+0.027 +0.013 and
Rp- =0.295+0.011£0.008 [11]. The discrepancy between these values and the SM predictions
is down to 3.10 from 4.1c. It should be noted that the central values of the new measurements
also are higher than the SM predictions, which has been a common feature of all the Rp-Rp-
measurements.

In this work [12], we redo the fit to study the impact of these two new measurements on the
NP solutions to b — ¢tV anomalies. In section II, we discuss our methodology and fit results. In
section III, we describe methods to discriminate between the presently allowed NP solutions. In
section IV, we present our conclusions.
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2. New Physics solutions after Moriond 2019

The most general effective Hamiltonian for » — ¢TV transition, containing all possible Lorentz
structures, is [5]
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where G is the Fermi coupling constant and V,,, is the Cabibbo-Kobayashi-Maskawa (CKM) ma-
trix element. Here Oy, is the SM operator which has the usual (V —A) * (V — A) structure. The

explicit forms of the four-fermion operators &, ﬁ; and ﬁ;’ are given in ref. [5]. We assume that the

Her = Veb 5 2.1

neutrino is always left chiral. The constants C; , C; and C/ are the respective Wilson coeffecients
(WCs) of the NP operators in which NP effects are encoded. We set the NP scale A to be 1 TeV.
Using the effective Hamiltonian given in eq. (2.1), we compute the observables Rp, Rp+, R; v PF
and fi)* as functions of the various WCs. By fitting these expressions to the measured values of
the observables, we obtain the values of WCs which are consistent with the data. The fit is done by
using the CERN minimization code MINUIT [13]. The corresponding y? is defined as

22C) =Y (0"(C)— 07 €1 (0™ (C;) — 0°%). (2.2)

Here % is the covariance matrix which includes both theory and experimental correlations. We
perform three types of fits: (a) taking only one NP operator at a time, (b) taking two similar NP op-
erators at a time, (c) taking two dissimilar NP operators at a time. We included the renormalization
group (RG) effects in the evolution of the WCs from the scale A = 1 TeV to the scale m,, [14].

NP type Best fit value(s) %r%]in
SM C,=0 21.80
Cy, 0.10£0.02 4.5

(Cgﬁ CgR) (0.05,0.24) 4.4

(Cs,,Cr) (0.06,—0.06) 5.0

(Csx,Cr) (0.07,—0.05) 4.6

(C(;Mcg) (0.21,0.11) 4.2
Cr —0.07+£0.02 7.1

(C{/R7 CgL) (0.38,0.63) 6.0
(C{;R’ CgL) (0.11,—0.58) 6.2

Table 1: Best fit values of the coefficients of new physics operators at A = 1 TeV by making use of data of
Rp, Rp*, Ry /y» PP and fP". In this fit, we use the HFLAV summer 2019 averages of Rp-Rp+. Here we list
the solutions for which y2. <7 as well as Z(B. — TV) < 10%.

The allowed NP solutions, listed in Table 1, satisfy the constraints xﬁlin <S5aswell as (B, —
TV) < 10%. We note that only the &y, solution survives among the single operator solutions.
However, its coefficient is reduced by a third. Among the two similar operator solutions, only the
(05, , 05, persists in principle, with the WCs (Cg , Cg, ) = (0.05,0.24). The value of Cg is quite
small, Cg, =~ 2Cy, and the Fierz transform of & is Oy, /2. Therefore, this solution is effectively
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NP type PP ARy ARy B(B: — V)%

SM 0.324+£0.001 | 0.360+0.001 | —0.012+0.007 2.2

Cy, 0.324+0.002 | 0.360+0.002 | —0.013+0.007 2.5
(Cs,,Cr) | 0.442£0.002 | 0.331£0.003 | —0.069 = 0.009 0.8
(Csg,Cr) | 0.450£0.003 | 0.331£0.002 | —0.045+0.007 4.0
(C}r.,C}) | 0.448+£0.002 | —0.24440.003 | —0.025-0.008 11.0

Cr 0.366+0.003 | 0.341£0.002 | —0.067+£0.011 1.9
(Cl,,- C5,) | 0.4314+0.002 | —0.216£0.004 | —0.12040.009 5.7
(CY,,C¢) | 0.4474+0.003 | 0.331+0.003 | —0.123+0.010 8.4

Table 2: The predictions of PP, AR, AR, and % (B, — T V) for each of the allowed NP solutions.

equivalent to the Oy, solution. The tensor solution Cr = 0.516 [4], which was allowed before
fi)* measurement, is now completely ruled out at the level of ~ 5¢. Table 1 also lists three other
solutions with 5 < Xiin < 7. We consider these solutions because the minimum x? is just a little
larger than 5. Hence, they are only mildly disfavoured compare to the five solutions listed above
them. One important point to note is that the prediction of Rp (see Table III in ref. [12]) for the
tensor NP solution Cr = —0.07 is 1.56 below the present world average.

3. Methods to discriminate between new physics solutions

In order to discriminate between these solutions, we consider the angular observables in B —
(D,D*) TV decays [15, 16, 17, 18]. We consider the following observables: (i) The 7 polarization
PP in B — D1V, (ii) The forward-backward asymmetries AP, and APy in B — (D, D*) T v and (iii)
The branching ratio of B, — T V. The predictions of each of these quantities for each of the seven
solutions are listed in table 2. From this table we note the following distinguishing features:

e Oy, and Or solutions: The &y, and Oy solutions predict PP ~ 0.35 whereas all the other
solutions predict it to be about 0.45. Therefore a measurement of this observable to a preci-
sion of 0.1 can distinguish these two solutions from the other five. A distinction between the

Oy, and Ot solutions can be obtained by measuring Rp to a precision of 0.01, which can be
achieved at Belle IT [19].

e (0y,,07) and (0y,, O ) solutions: The (&y, ,07) and (&, O ) solutions predict APy to
be ~ —0.24 whereas other five solutions predict it to be ~ 0.33. Establishing this variable
to be negative will distinguish these two solutions from the others. A further distinction be-

tween these two solutions can be made through A2, predicted to be —0.025 by the (Oy,, OF)
solution and —0.125 by the (ﬁ{,R, ﬁ’éL) solution. A measurement of this asymmetry, estab-
lishing it to be either less than or greater than —0.08, can distinguish between these two
solutions.

e The other three solutions: The three solutions, (&s,, Or), (Os,, Or) and (Oy,, 05 ), all pre-
dict the same values for PP and AR,. However, the last among them predicts A2, = —0.123,

whereas the other two predict it to be ~ —0.05. A distinction between the last two solutions



A global fit to b — ¢tV anomalies after Moriond 2019 Suman Kumbhakar

and the other two can be made either by establishing this asymmetry to be greater or less
than —0.08. The respective predictions for Z(B. — tV) of these three solutions are 0.8%,
4.0% and 8.4%. Thus a mesaurement of (B, — TV) to a precision of 2% can distinguish
between these three solutions.

4. Conclusions

After Moriond 2019, the discrepancy between the the global average values and the SM pre-
dictions of Rp-Rp+ reduces to 3.1 o. The measured value of fLD* rules out the previously allowed
tensor NP solution at ~ 5¢ level. We do a fit with the new global averages and find that there are
only seven allowed NP solutions. We propose methods to discriminate between these solutions by
angular observabes in B — (D,D*) 1V decays and the branching ratio Z(B. — t V). We find that
each of these seven solutions can be uniquely identified by the combination of the five observables
with the following described precision: (i) The 7 polarization PP in B — DTV to a precision 0.1,
(i1) The ratio Rp to a precision of 0.01, (iii) The A?B in B — D7V to be either positive or negative,
(iv) The A% in B — D* 1V to a precision of 0.02, and (v) The branching ratio of B, — TV to a
precision of 2%.
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