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We study possible new physics (NP) effects on B, — J /¥t v, which has been recently measured at LHCb
as the ratio of Rj,y = B(Bc — J/¥tVv)/B(B; — ]/¥uv). Combining it with the long-standing Rpe
measurements, in which the discrepancy with the prediction of the standard model is present, we find
possible solutions to the anomaly by several NP types. Then, we see that adding the R,y measurement
does not improve NP fit to data, but the NP scenarios still give better x2 than the SM. We also investigate

indirect NP constraints from the lifetime of B, and NP predictions on the 7 longitudinal polarization in

B — D*tTi.
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1. Introduction

On recent years, discrepancies with the predictions of the Stan-
dard Model (SM) have started to emerge in semi-tauonic decays
of B meson, B — D™t . Measurements have been done in the
lepton-universality ratios,

B(B— D®1D)
B(B— D®¢p)’

for £ =e or u. The world average of the BaBar [1,2], Belle [3-5],
and LHCb [6,7] results shows ~ 40 deviation from the SM pre-
diction. Then, many theorists have tried to address this anomaly
in different new physics (NP) models; as in Refs. [8-23] for
model-independent approaches, Refs. [24-36] for charged Higgs,
Refs. [37-40] for lepton flavor violation, Refs. [8,41-53] for lep-
toquarks (in relation to B — K™ utu=), and Refs. [54-56] for
others. When we start with the low-energy effective field theory,
NP effects are described by the four fermion operators of (bctv):
4G

L= ﬁvcb [(1+ Cyy)CLy*br)(TLypvL)

(1)

Rpw =

+ Cv, (CRYMbR)(TL Y VL) + Cs, (CLbr) (TrVL)
+ Cs, (€rb1)(TrvL) + Cr (CRo M bL) (TROup VL) ]

(2)

where NP effects are encoded in the Wilson coefficients Cx. At the
present stage, NP contributions with nonzero Cx from single op-
erators in (2) are possible solutions to the Rpw anomaly ex-
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cept for C 51.1 according to the previous studies, e.g., as in Refs.
[8,9]. The Vq scenario has an advantage such that a similar
V — A current in the bs system can also explain the anomalies
in B— K®utu~ (eg, see Refs. [41,48,51]). The V, scenario re-
quires Cy, to be pure imaginary and the S, scenario needs a large
negative Cs,, to address the Ry anomaly [13,28].

Some leptoquark (LQ) models contribute to B — D® 7 with
scalar-tensor operators so that Cs, >~ £7.8Ct at the m, scale.?
Then, they also explain the Rpw anomaly. For a dedicated study,
see Ref. [8].

In Ref. [57], this anomaly has been investigated by looking at
the lifetime of B, meson along with the decay B, — tv. As Cx #0
(for X # T) also contributes to B — tV, it is necessary that the
contribution does not exceed the fraction of the total decay width
of B¢, which has been experimentally measured and theoretically
calculated. Indeed, this could allow us to exclude a large contribu-
tion from Cs; # 0. In Ref. [58], a stronger limit on the scalar con-
tribution has been suggested with using LEP1 data for B, — tV.

In September 2017, the LHCb collaboration reported a new
measurement regarding b — ctv in B.. To be specific, the ratio

B(Bc— J/yTV)

R =———— — =0.714+0.17+0.18, 3
IV = BB — J/¥ub) G)

1 The S; type operator (¢ bg)(Tgvy) never accommodates the experimental val-
ues of Rp and Rp+ at the same time. Henceforth, we skip the S; scenario in this
paper from the beginning.

2 At the scale where LQ models are defined, the corresponding relations are Cs, =
+4Cr. These relations are realized for the scalar leptoquark bosons (R, and S1) that
transform as (3,2, 7/6) and (3,1, 1/3) under SU(3)c x SU(2); x U(1)y, respectively.
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has been obtained with dataset of run 1 (3fb~!) [59,60]. Thus,
this new measurement enables us to develop explanations for the
anomaly with the above NP scenarios, which will be shown in this
paper. We will also revisit the constraints with use of the lifetime
of B. and put some predictions on the t longitudinal polariza-
tion.

This letter is then organized as follows. In Sec. 2, we obtain a
formula for the decay rate of B — J/¥ TV in the presence of the
NP operators. A description of form factors for the B, — J /v tran-
sition is also given. In Sec. 3, we proceed to numerical analysis and
obtain possible solutions to the Rp, Rp+, and R,y measurements
by the NP scenarios. We also investigate NP effect on the lifetime
of B, associated with B — tv, and the 7 longitudinal polariza-
tion in B — D*7 . The Sec. 4 is devoted to summary.

2. Description of hadronic amplitude and form factors

The hadronic transition of B — J/¢ can be written in analogy
with that of B — D*. Namely, we can obtain the formula for the
decay rate of B, — J/ytv as follows [8],

2

di G2|Vg)? ( m2>
= N 1 =) x
dq? 1927 m3 Cyri @) q2

m2
{(|1 4 Cy, 2+ 1Cv, 1) [(1 2q2) (H +HZ +H‘2,0)

3 2

mz
+2=F t]—ZRe[(l—i—Cvl)C]
q

2
3m2
1+— 2 +2Hy, - Hv)—i-zq—szt
+§|c51 — Cs,|* H?
2 m3 2 2 2
+8ICr“ |1+ —— H7 +H:_ +Hi,
+ 3Re[(1+ Cy, — Cy,)(CE, — C% )] Hs-Hy,
b \/cT
— 12Re[(1 + Cy,)CT]
My
X \/—72 (HTO -Hyy+Hr, -Hy, —Hr_ -va)
q
+ 12Re[Cy,CT]
my
Xﬁ(HTO'HV0+HT+'HV_—HT_'HV+) , (4)
q
where Hs are hadronic helicity amplitudes given by
VA @)
Hy. (@) = (mp. +my)A{ (@) F ————V @),  (5)
+ 1) Mg, +m,

Mmp. +mMjy

2my /g%

Hyy(q%) = [—(mﬁc —mj,y —a*)AS (@)

VA @)

2y Crq2
Hs@’) = == =A@, (8)
1
Hr,(¢*) = N [ﬂ:(m%c —m)T5@) + /Ay @)TS (qﬂ ,
9)
2y b a2 2 2 7ceq2
HTo(q )= 2m1/¢ |: (mBC+3mI/¢ q )Tz(q )
A
N 2J/w(q) i )} 10)
Mg, =My

and Ay (q%) = [(mp, —m y)? —q*1[(mp, +m/y)? —g?]. The func-
tions V¢, Af, and T{ are form factors (FFs) for the B, — J/v
transition whose definitions are given in Appendix A. The scalar
hadronic amplitude is obtained as in eq. (8) using the quark-level
equation of motion.

The FFs for the vector and axial-vector currents have been in-
vestigated in Ref. [61] with the use of perturbative QCD [62,63]
and then the following parameterizations are given:

VE(@?) = VE(0) exp [0.065 ¢ +0.0015 (qz)z], (11)
AS(q%) = AS (O)exp[O 047 g% 4+ 0.0017 (¢%) ] (12)
AS(g%) = AS(0) exp [0.038q2 +O.0015(q2)2], (13)
AS(g%) = AS(0) exp [0 064¢? + 0.0041 (¢%) ] (14)

where the values for the q> = 0 point are obtained by the fit;
VE(0) = 0.42 + 0.01 + 0.01, A5(0) = 0.52 + 0.02 £ 0.01, AS(0) =
0.46 £0.02 £0.01, and A$(0) =0.64£0.02£0.01 [61]. As for the
tensor FFs, we simply adopt the quark-level equation of motion
(see Ref. [8]). That is,

my + mc

TC 2 =7v(‘ 2 , ]5
1) T q") (15)
TS = — 2 AS(q?) (16)
ch _m]/’wb
5@ =~ [mi (AT @) — A5(@°)

+myy (AS@) + AS @) — 2A6(@) | (17)

Therefore, we are now ready to calculate the decay rate in any type
of NP model.

3. Numerical analysis

For numerical evaluation on Ry, we take the following values
for input; mp, = 6.275GeV, mjy = 3.096GeV, m; = 1.777GeV,
mp + me = 6.2GeV, and my — m. = 3.45GeV [64]. Then, the SM
predicts

RSY, =0.283 +0.048, (18)

where the uncertainty comes from the inputs of V¢(0), Ag(0),
A§(0), and A$(0). The result is consistent with Refs. [65,66]. This
is compared with (3) and thus, one finds that there exists a 1.70
deviation from the SM, i.e., [XZ]?\//{/, ~2.9. Note that the R,y mea-
surement still include a large uncertainty. Combined with the Rp
and Rp« measurements [60,67], it turns out [x21},, b p- = 22.
In Fig. 1, we show correlation between Rp+ and Rj,y in the
presence of one NP operator (Vq, V3, Sy, or T) and LQ specific op-
erators (LQy : Cs, = £7.8Cr), where the NP type is denoted in the



Download English Version:

https://daneshyari.com/en/article/8187086

Download Persian Version:

https://daneshyari.com/article/8187086

Daneshyari.com


https://daneshyari.com/en/article/8187086
https://daneshyari.com/article/8187086
https://daneshyari.com

