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1. Introduction

A number of puzzles exist in the decay Bimesons [1]. One of them is the disagreement of
standard model predictions for the ratio of exclusive septdnicB decay rates inta and light
(I =e ) leptons. These ratios are quite robust predictions in thedsird model. The measured
ratios of branching fractions

RD)=Z———"—"""U R(D*) =

N #(B— D|\7|) ’

#(B— D*|\7|) (3.1)

disagree with the expected values at the level ob228d 2.% respectively [2 —4].

This has been the subject of a number of papers, for exampl@Qh One idea is to posit
a new interaction [8 —10] which affects only the decay chamith 7. To test this idea and to
determine if new physics is present more measurements atedeOne possibility is

R(Ac) = BN = AV (1.2)
in Ay decay.
The effective Hamiltonian is motivated by studiesBolecay [8 — 10] and takes the form

GeVey _ -
s = FT;{[CVu(l_VS)b-F hv Cyub -+ haCyy¥sb] £y* (1 — y6) vy

+ [hsTh+ hpCysb] £(1 — ys)vi + [hr€aywb] £oH(1— ys)ve +h.c.} (1.3)

where theh coefficients of the non-standard-model interactions asaragd to be nonzero only for
{=T.
For A\p decay the matrix elements are

(A, P'|CYub| Ao, P) = Te(P') [ Viu FL(?) + Pu f2(0?) + au fa(0) ] un(p),
(N, P |CYu b Ab, P) = Ue(P') [ YuG1(d?) + Pug2(d?) + du9(d?) | ysUb(P),
(N, P'1CB| Ao, P) = Ue(P) [Fs(0)] ub(p),
(e, P [EYsD| Ao, p) = Uc(P') [¥59p(0?)] Un(p),
</\C> p |C_O-[,1Vb|/\b7 p> = Ue(p) [aung(qz)] Up(P)

whereP, = p, + p, andqy, = py — p,- The form factors in thé\p, decay matrix elements can be
related to a baryonic Isgur-Wise function[11]. HQET sudgéise leading order relatiofs = gp =

gr = f1 which will be used in the numerical work. The momentum dejecé of the form factors
is taken from the quark model of Perenhal.[12]

2. Results

The standard model predictions obtained in this work arelédbd in Table 1 and are in agree-
ment with literature values. The ratios are determinedelgrgy the relative phase space available
in the light andt lepton channels so for comparison the phase space onlysvateegiven in the
Table also.
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Ratio Phase space S.M. Experiment

R(D) 0.28 0.32  0.4480.058:0.042
R(D*) 0.25 0.25 0.3320.024:0.018
R(Ac) 0.26 0.31

Table 1: Standard model (S.M.) values for the branching fractioiosain B and /Ay, semileptonic decays.
Values calculated using only phase space are given alsoeXgerimental results are from BABAR[4].
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Figure 1: Left panel: Sample of parameteng (left circle) andha (right circle) giving ratiosR(D) and
R(D*) in the 95% confidence interval. Right panel: The correlatdR(A¢) with R(D) (large elipse) and
R(D*) (small elipse). The dashed line shows the standard modeigbicn.

The Hamiltonian contains more parameters than is convemedeal with simultaneously.
To visualize the effect of new interactions in the decay\pfwe will consider nonstandard model
vector and axial vector terms, scalar and pseudoscalastanu the tensor term separately.

A nonstandard model modification of the decay intHepton channel due to vector and axial
vector interactions amounts to a rescaling of the standardetncontributions. We include both
complex parameteits, andha and fit simultaneously the ratié D) andR(D*). A random sample
of points in parameter space where the combigédks in the 95% confidence interval is shown in
the left panel of Fig. 1, left circle fany and right circle forha. The right panel of Fig. 1 shows the
correlation ofR(A¢) with R(D)andR(D*). Parameters that fit thB meson decay ratios predict a
value in a narrow range around 0.42.

A nonstandard scalar interaction would contributeR(@) and a pseudoscalar interaction
would contribute toR(D*). The parameterbs andhp can be adjusted independently to fit the
experimental values. A sample of parameter values forgatidhe two-sigma allowed region are
plotted in the left panel of Fig 2. Asin [9], we observe tR&D) is much more sensitive to a scalar
interaction tharR(D*) is to a pseudoscalar term.

The large black dotted region in Fig. 2 shows the correlatbR(D) and R(/\¢) calculated
with the standard model interactions plus a scalar term gt the small circle in Fig. 2. The
smaller region to the left (red) shows the effect of the nandard pseudoscalar interaction. If a
scalar interaction accounts for the enhancemeiR(B¥) a similarly large effect ifrR(A¢) would be
expected.

A nonstandard model tensor interaction would contributedihR(D) andR(D*). Since there
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Figure 2: Left panel: Sample of parameters (small circle) andhp (large circle) giving ratiofRk(D) and
R(D*) in the 95% confidence interval. Right panel: The correlatbR(Ac) with R(D) (black) andR(D*)
(red). The dashed line shows the standard model prediction.
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Figure 3: Left panel: Sample of parametdrs giving ratiosR(D) andR(D*) in the 95% confidence interval.
Right panel:The correlation ¢&¥(A¢) with R(D*). The dashed line shows the standard model prediction.

is only one parameter there is some tension in trying to fietgerimental results simultaneously.
The left panel of Fig. 3 shows a sample of points in the compieglane where the combinegg?

is in the 95% confidence interval. The allowed region agregditgtively with the results of [10]
where the tensor interaction was considered also.

The right panel of Fig. 3 shows the expected valueR(&\;) versusR(D*). The tensor contri-
bution interferes with both the standard model vector aridl aector terms with contributions of
different sign arising. Overall, however, the interfererin A, decay is opposite in sign to that in
the meson decays. This leads to a large sensitivitR(d&) to hr. Different regions of parameter
space can lead to either an enhancment or a decreaR@\g@f compared to its standard model
value. Since the tensor interaction does not lead to a goodltsineous description &(D) and
R(D*) it may be considered disfavoured as a possible nonstandadelraxplanation. However, if
it does play a role, it would likely lead to a value Rf/\¢) quite different from the standard model
result.
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3. Summary and Discussion

In this work we present a phenomenological analysis of B mesm/\;, semileptonic decay.
There are indications from B decays that thdecay channel is enhanced relative to the standard
model prediction and various nonstandard model interastitave been suggested to explain this.
These are fit to the B meson decay branching fraction ratidstlza ratioR(A¢) is calculated. If
the nonstandard model interaction is scalar, pseudoseadetor or axial vector an enhancement
of R(A¢) comparable to that observed in B decays would be expectedtefsor interactions, a
more complicated pattern of interference with the standaodel can lead to either an increase or
decrease oR(/\¢). In particular, a tensor term contributing to meson decayldtead to a very
large enhancement &(A¢).

More experimental study of exclusive semileptonigdecay is warranted independent of the
calculations presented here. Measurement of differedistibutions would serve to constrain
form factor models and test lattice QCD simulations. A deieation of whether or not the
mode branching ratio agrees with the standard model woullpful in assessing the presence of
new physics interactions.

| thank R. Lewis for a careful reading of the manuscript. Mgk is supported in part by the
Natural Sciences and Engineering Research Council of Ganad
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