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Semileptonic b — u and b — s decays of the B. meson
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This poster reviews our recent calcuation of B — D% v and B} — D ("¢~ (v) form factors [1]. We
comment on prospects for experimental measurement of Bl — D(*)O,u*yu and implications for CKM matrix

elements.

Motivation

e Longstanding discrepancies in inclusive vs exclusive
determinations of CKM matrix elements |V,,| and

| Vcb’

e LHCb can measure decays of the B. meson, e.g. the

b — c decay Bf — J/y utv,.

e The production fraction of B. mesons is not precisely
known, but cancels in ratios of decay rates.

e A measurement of the b — u decay B} — D° v,
would provide a new determination of |V,,/ V.

Form factors

The differential decay rate for B. — D/v is given by
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Figure: Constraints on |Ve| & |V
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The form factors parametrize the hadronic matrix elements of the weak decay operator

For rare, FCNC decays such as B, — Ds¢"¢{~ we also need
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Table: Parameters for the MILC ensembles [2] (and earlier). The lattice spacing a is determined from the Wilson flow parameter
wo [3]. The physical value wy = 0.1715(9) fm was fixed from f; in [4]. ML and M, values for each lattice are given in [5]. We
give ncgg, the number of configurations used for each set. On each we used four different positions for the source to increase

statistics.
set handle wo/a N3 x Ny M,.L M, MeV Nefg am®  am®  amy? am)’al am‘s’al am‘c’aI T
1 fine 1.9006(20) 323x 906 4.5 316 500 0.0074 0.037 0.440 0.0074 0.0376 0.450 14,17,20
2  fine-physical 1.9518(17) 643 x 96 3.7 129 500 0.00120 0.0364 0.432 0.00120 0.036 0.433 14,17,20
3 superfine 2.896(6) 483 x 144 4.5 329 250 0.0048 0.024 0.286 0.0048 0.0245 0.274 22.25,28
4 ultrafine 3.892(12) 643 x 192 4.3 315 250 0.00316 0.0158 0.188 0.00316 0.0165 0.194 31,36,41
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Figure: Range of heavy masses at each lattice spacing.

Correlation functions

Figure: Illustration of the three-point correlation functions

calculated.
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Form factors from correlator amplitudes use the
Ward identity
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Fit form

We fit the form factors, with a pole term removed, to the following form
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The Q" factors are given by

Q(" allows for heavy quark mass dependence that appears as a prefactor to the expansion in inverse powers of
the heavy mass. From HQET this prefactor could include fractional powers of the heavy quark mass and/or
logarithmic terms which vary in different regions of g> [6]. We allow for this with a logarithmic term with a
variable coefficient that depends on the form factor and the power of z in the z-expansion. We take priors for the
p\" of 0(1). The mistuning terms are given by
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Form factor results
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Figure: Results for the form factors in the continuum, physical mass limit.

B — D% v decay rates
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Figure: Differential decay rates of B — D%u*v, and B} — D7 "v, (left) and ratio of differential decay rates normalized by
B — J/y (.

Experimental prospects for B — D)0+

LHCb is in the progress of analyzing BY — D)%+ decays [7]. These b — u decays are CKM-suppressed
compared to b — ¢ decays of the B;, so the first measurements are likely to come from the semi-exclusive
combination of the pseudoscalar D° and vector D*0 final states. In order to cancel experimental uncertainties
associated with B.-production, the branching fraction is normalized to that for the decay B — J/7 ,LL+I/M.

B(BS = D™ uty,) |Vl
x
B(B: — J/vptv,) — [Ve?

In order to use such a measurement, form factors for B. — D*fv are needed, in addition to the B, — D form
factors presented here and B. — J /1) form factors published in Ref. [8].

BY — DI ("¢~ (vv) decay rates
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Figure: Decay rates respectively for B. — Ds = /Ds 7t7~ /Ds Dv
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