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Probing new physics through lepton
polarization asymmetry of B — " u~
decay

5.1 Introduction

In chapter 4, a model independent analysis of B¥ — u™ ™~ decay was performed to identify the
new physics operators which can lead to a large enhancement of its branching ratio. It was found that
such an enhancement is not possible due to the constraints from the present b — syt~ data. Further, it
was seen that the branching ratio of B¥ — u™p~ cannot discriminate between the existing new physics
solutions. Therefore, it would be desirable to construct a new observable related to this decay mode to see
whether such an observable has the potential to discriminate between the existing new physics solutions
in b — sptp transition. In particular, we focus on the two distinct solutions, one with the operator of
the form ($y*Prb)(fiyap) and the other whose operator is a linear combination of (57 Prb)(fiyq ) and
(57> Prb) (yaysp)- It was pointed out in Ref. [69, 70] that the third solution involving chirality flipped
operator (57“Prb)(fiyap) is disfavoured both experimentally and theoretically.

In this chapter, we consider the longitudinal polarization asymmetry of muon in B — putpu~
decay (App(u)) to explore such a possibility. This asymmetry is theoretically clean because it has a very
mild dependence on the decay constants unlike the branching ratio. We first calculate the SM prediction of
Aprp(p) and then study its sensitivity to the two new physics solutions.

This chapter is organized as follows. In Sec. 5.2, we obtain the theoretical expressions for the
longitudinal polarization asymmetry of the final state leptons in B¥ — [T~ decays, where | = e, ji or 7.
This is done for the SM and for the case of new physics V' and A operators. In Sec. 5.3, we obtain predictions
of Az p (1) in both the SM and the two new physics solutions which explain all b — sp ™~ anomalies. The
conclusions are presented in Sec. 5.4.

5.2 Calculation of Longitudinal Polarization Asymmetry for B} — ("]~ de-
cay
5.2.1 Longitudinal Polarization Asymmetry in the SM

The purely leptonic decay B — [ [~ is induced by the quark level transition b — sl™!~. In
the SM, the corresponding effective Hamiltonian is given by Eq. 4.1. The decay rate for B} — putu™ is
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We define the longitudinal polarization asymmetry for the final state leptons in B¥ — [T]~ decay.
The unit longitudinal polarization four-vector in the rest frame of the lepton (I™ or [7) is defined as

[z
i |
In the dilepton rest frame (which is also the rest frame of B} meson), these unit polarization vectors become
E
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where F, ﬁ and m; are the energy, momentum and mass of the lepton (I or [7) respectively. We can
define two longitudinal polarization asymmetries, Aj{P for It and A}, for [, in the decay B} — [T~
as [197, 207, 208]

[D(s1-, 8p+) + T(Fsp-, £5p+)] = [D(Fs-, Fspr) + (=51, —sp+)]
[T(s1-58504) + T(Fs-, £5p4)] + [D(Es-, Fsu) +T(=s-, —s54)]

If the two spin projections, s;— and s;+ are the same, the decay rate is given by
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For opposite spin projections of s;— and s;+, we have

CCy

10 . a B v . &) v

- {mlmB;k (—Zﬁaﬁygpl—pBgsl_sﬁ + Zé‘ﬁ«,yapB;fp7+8l_ Sﬁ_
" :

S

QmQB
F(:Fsl*7:t8l+) =N 3 .

6mymp

Famp: mB* 4mz> — iy mQB; —4mj (5aﬂvvp?*p63;plv+3lyf + 5aﬁwp?*p63;p7+37+>}

C*Cuo .
L a—— {" mQB; - 4ml2 (5aﬁvypl°‘,p%;p7+sl”, + 5a,@'yoploip?3gslyf 5?+) +rmimp;

6mlmB;
<:F4mB;‘ \/ m%: - 4ml2 + Z‘gaﬁucrp?ip%: Séjf 5?+ - igﬁ'yuopg;kp?—o— SE/* S?+> }
2
+3 (mZB; - 4ml2> |Clo\2] : (5.6)

In Egs. (5.5) and (5.6), we have used the abbreviations N = fggﬂg \VieViil? f3 B m2 B: 4ml2,

2 *
c=(c + ™5 Cef . Using Egs. (5.4),(5.5) and (5.6), we get the lepton polarization asymmetry
9
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5.2.2 Longitudinal polarization asymmetry in presence of new physics

We now investigate the lepton polarization asymmetry in the presence of new physics. As the new
physics solutions to the b — sI™*/~ anomalies are in the form of V and A operators, we consider the addition
of these operators to the SM effective Hamiltonian of b — sl ~.

The effective Hamiltonian now takes the form
Hepr(b— slT17) = sy + Hya, (5.8)

where Hy 4 is

Qe G 7 = I
Hya = o FVtthb [CQ (SY" Prb)(lvul) + C%P(S’YMPLI))(Z’M%Z)} :
CNP

Here o(10) are the new physics Wilson coefficients. Within this framework, the branching ratio and Ay p
are obtained to be
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5.3 App(u) with new physics solutions
In this section we first calculate Ay p (1) for the Bf — ptu~ decay. The numerical inputs used for
this calculation are listed in table 7.1. The SM prediction is

AL p()lsar = — AL p(p)lsar = 0.9955 4 0.0003. (5.11)

The uncertainty in this prediction (about 0.03%) is much smaller than the uncertainty in the decay constants
(about 2%), making it theoretically clean.

There are basically two new physics solutions which can account for all the b — su* i~ anoma-
lies [69, 70]. The A:Ltp(u) predictions for these solutions are listed in table 7.2. From this table it is obvious
that the prediction of Ay p(u) for the first solution deviates from the SM at the level of 3.40 whereas, for the
second solution, it is the same as that of the SM. Hence any large deviation in this asymmetry can only be
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Parameter | Value

mp 4.18 +0.03 GeV [209]
mps 5415.47 18 MeV [210]
fB:/fB, | 0.95340.023 [211]
fhe/fB, | 0.95[199]

Table 5.1: Numerical inputs used in our calculations.

New Physics type New physics WCs|  B(B: — ptp™)  [Afp(p) = —A p(p)
SM 0 (1.10 £ 0.60) x 10~ | 0.9955 + 0.0003
@ CHF () —1.25+0.19 [(0.83+£0.45) x 10~ 11| 0.8877 £ 0.0312
D CNP (up) = —CWF (up) | —0.68 +£0.12 | (0.79 £ 0.43) x 1071 | 0.9936 + 0.0057

Table 5.2: New physics predictions of branching ratio and Az p(p) for BY — ptu~ decay with real new physics
WCs. The new physics WCs are taken from Ref. [78]

New physics Type [Re(WC), Im(WC)] BB: —ptp™) [Alp(p) = —Ap(w)

@ CYF (up) [(-1.14£0.2),(0.04+0.9)] [(0.8540.27) x 10~ 0.91+0.13

D) CY¥F (up) = —ONF (uu)| (A) [(=0.8 £0.3), (1.2 +0.7)] [(0.80 £0.27) x 10~ 0.99 & 0.02
(B) [(—0.8 £0.3), (1.2 4 0.8)]{(0.80 4 0.28) x 10~ ! 0.99 +0.11

Table 5.3: New physics predictions of branching ratio and Ay, p (1) for Bf — ™~ decay with complex new physics
WCs. The new physics WCs are taken from Ref. [68]

due to the first new physics solution. We also provide the predictions for B(B} — pt ™) in table 7.2. It is
clear that neither of the two solutions can be distinguished from each other or from the SM via the branching
ratio.

In the discussion above, the new physics WCs are assumed to be real. If these WCs are complex,
they can lead to various C'P asymmetries in B — (K, K*)u* p~ decays [198]. These asymmetries can dis-
tinguish between the two new physics solutions. In Ref. [68], it was assumed that C{¥F () and CT5F (pup)
are complex and a fit to all the b — su™p~ data was performed. The resulting values of new physics WCs
from this fit are given in table 7.3. The predictions for B(B} — pu*u~) and Az p(u) are also given in this
table. Because of the large uncertainties, neither of these two observables can distinguish between the two
new physics solutions. However, it may be possible to make a distinction based on the C'P asymmetries
mentioned above [68].

5.4 Conclusions

There are several measurements in the decays induced by the quark level transition b — sI™1~
which do not agree with their SM predictions. All these discrepancies can be explained by considering
new physics only in b — su™ .~ transition. These new physics operators are required to have V' and/or A
form to account for the fact that Rx and Ry« are less than 1. A global analysis of all the measurements in
b — slT1~ sector leads to only two new physics solutions. The first solution has C’év P(up) < 0 and the
second has C'F(uu) = —CHF (uu) < 0. In this chapter we consider the ability of the muon longitudinal
polarization asymmetry in B} — ™~ decay to distinguish between these two solutions. This observable
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is theoretically clean because it has only a very mild dependence on the decay constants. For the case of real
new physics WCs, we show that this asymmetry has the same value as the SM case for the second solution
but is smaller by 11% for the first solution. Hence, a measurement of this asymmetry to 10% accuracy can
distinguish between these two solutions. But for the complex new physics WCs, the discrimination power is
lost because of the large theoretical uncertainties.
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