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Motivation

R. Van de Water CIPANP 2012: Recent lattice-QCD results for heavy flavors

|Vub|

Long-standing puzzle is the tension between inclusive and exclusive |Vub|

Situation further muddled by BR(B→τν), which leads to even larger |Vub|
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Three ways to measure |Vub|, none of them agree with each other:

B0→ π−µ+ν decays, rely on lattice QCD.

B→ Xuµ
+ν decays, need to extrapolate through open charm

region.

B+ → τ+ντ , difficult experimentally.

BELLE’s latest results [here] have poured cold water on the
B+ → τ+ντ excitement.

Rare B decay workshop Patrick Owen Model independent |Vub|

http://arxiv.org/abs/1208.4678


3. Theoretical idea - with vectors 4/14

Model independent |Vub|
Paper - [P.R.D70 114005] (and Refs. therein) outlines another
method of measuring |Vub|.
At low recoil (y = Eh/mh) can use operator product expansion to
control the long distance effects.

Theoretically cleaner than the exclusive/inclusive methods, and model
independent.

Need to measure ratio of branching fractions B+→ ρ0µ+ν and
B0→ K ∗0µ+µ−.

B(B+→ρ0µ+ν)
B(B0→K∗0µ+µ−)

α |Vub|2
RB(y)

Neff (y)

Measurement is contaminated by RB(y), the ratio of helicity
amplitudes of the two decays.

Dominant theoretical uncertainty on B(B0→ K ∗0µ+µ−) of ∼10%
comes from Neff (y).
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Use D decays to reduce form factor uncertainties.

Can reduce the uncertainty of RB(y) using D decays.

RB(y) and RD(y) must be taken at the same value of y.

RB(y)

RD(y)
= 1 +O(ms(

1

mc
− 1

mb
))

The proposed D decays are D+→ K ∗0µ+ν and D+→ ρ0µ+ν.

The corrections shown above are even smaller than the dimensional
estimate [P.L.B420, 359,P.R.D. 53, 4937].
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Model independent |Vub|

End up with a double ratio of branching fractions.

Estimated theoretical error on |Vub| is 5%.

|Vub|2α

B(B+→ρ0µ+ν)

B(B0→K∗0µ+µ−)

B(D+→ρ0µ+ν)

B(D+→K∗0µ+ν)

Need to measure the branching fraction of these decays at low recoil.

Low recoil is low enough as long as q2 is above open charm threshold
(q2 > 14.2GeV2/c4) - translates into recoil range of y = 1− 1.5 for
B0→ K ∗0µ+µ−.
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Recoil vs q2- vectors
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The maximum recoil for D+→ K ∗0µ+ν is 1.3, but as form factor
only varies by 20% across this region can extrapolate beyond
kinematic limit to 1.5 [P.L.B420, 359,P.R.D. 53, 4937]
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Don’t need to use vectors, can use psudeoscalars?

Can also form the same ratio with scalars:

|Vub|2α
B(B0→π−µ+ν)

B(B+→K+µ+µ−)

B(D0→π−µ+ν)

B(D0→K−µ+ν)

?

Experimentally much easier, does the theory work for these decays
too?

Low recoil for B+→ K+µ+µ− is y = 1− 2.6.
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Analysis Strategy

Would then need to measure four decays between 1-2.6.

B0→ π−µ+ν: B = (1.34± 0.08)× 10−4

B+→ K+µ+µ−: B = (4.8± 0.7)× 10−7

D0→ π−µ+ν: B = (0.24± 0.02)%

D0→ K−µ+ν: B = (3.31± 0.13)%

D0→ K−µ+ν has a huge rate and B+→ K+µ+µ− has a very
distinctive signature.

D0→ π−µ+ν has an order of magnitude less BF than D0→ K−µ+ν
and more background.

B0→ π−µ+ν is difficult - at LHCb we probably can’t do better than
b-factories. For now the plan is to get it from the literature.
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Recoil vs q2- psuedoscalar modes
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 bin2Lower edge of BELLE's highest q

Low recoil (y = 1− 2.6) corresponds to very high q2 values for the π
modes due to the low π mass.

Will have to extrapolate D0→ K−µ+ν from 2.0 to 2.6.

Rare B decay workshop Patrick Owen Model independent |Vub|



5. Approximate experimental uncertainties 11/14

B0→ π−µ+ν

We will get B0→ π−µ+ν from the literature, below is from BELLE.

4

26.4 GeV2/c2 (the bin width is 2 GeV2/c2, except for
the last bin). The value of q2 is calculated as the square
of the difference between the 4-momenta of the B meson
and that of the pion. As the B direction is only kinemati-
cally constrained to lie on a cone around the Y direction,
we take a weighted average over four different possible
configurations of the B direction [26]. Background is fur-
ther suppressed by applying selection criteria as a func-
tion of q2 to the following quantities: the angle between
the thrust axis of the Y system and the thrust axis of
the rest of the event; the angle of the missing momentum
with respect to the beam axis; the helicity angle of the
!ν system [27]; and the missing mass squared of the event,
M2

miss = E2
miss − #p 2

miss. The helicity angle is the angle be-
tween the lepton direction and the direction opposite to
the B meson in the !ν rest frame. These selections are
optimized separately in each bin of q2 by maximizing the
figure-of-merit S/

√
(S + B), where S (B) is the expected

number of signal (background) events.

The fraction of events that have multiple candidates
is 66%. To remove multiple signal candidates in a single
event, the candidate with the smallest !ν helicity angle is
selected. After imposing all selections described above,
the reconstruction efficiency for signal ranges from 7.7%
to 15.0% over the entire q2 range. The fraction of the
self-cross-feed component, in which one or more of the
signal tracks are not correctly reconstructed, is 3.5%.

The signal yield is determined by performing a two-
dimensional, binned maximum likelihood fit to the
(Mbc, ∆E) plane in 13 bins of q2 [28]. Background con-
tributions from b → u!ν, b → c!ν and non-BB̄ con-
tinuum are considered in the fit. Probability density
functions (PDFs) corresponding to these fit components
are obtained from MC simulations. To reduce the num-
ber of free parameters, the q2 bins of the background
components are grouped into coarser bins: four bins for
b → u!ν, and three bins for b → c!ν. The choice of the
binning was chosen from the total statistical error, num-
ber of parameters to fit, and the complexity of the fits.
The q2 distribution of the continuum MC [29] simulation
is reweighted to match the corresponding distribution in
off-resonance data. For this procedure, a continuum MC
sample about 60 times the integrated luminosity of the
off-resonance data is used. The continuum normaliza-
tion is fixed to the scaled number of off-resonance events,
52928 events. Including signal yields in each q2 bin, there
are 20 free parameters in the fit.

We obtain 21486 ± 548 signal events, 52543 ± 1148
b → u!ν events, and 161829 ± 976 b → c!ν background
events. These yields agree well with the expectations
from MC simulation studies. The χ2/n.d.f. of the fit is
2962/3308. The projections of the fit result in ∆E and
Mbc are shown in Fig. 1 for the regions q2 < 16 GeV2/c2

and q2 > 16 GeV2/c2. Bin-to-bin migrations due to
q2 resolution are corrected by applying the inverse detec-
tor response matrix [30] to the measured partial yields.

The partial branching fractions ∆B are calculated us-
ing the signal efficiencies obtained from MC simulation.
The total branching fraction B is the sum of partial
branching fractions taking into account correlations when
calculating the errors. We find B(B0 → π−!+ν) =
(1.49± 0.04(stat)± 0.07(syst))× 10−4, where the first er-
ror is statistical and the second error is systematic. This
result is significantly more precise than our previous mea-
surement [13] with B → D(∗)!+ν tags on a 253 fb−1 data
sample.

To estimate the systematic uncertainties on ∆B, we
include the following contributions: the uncertainties in
lepton and pion identification, the charged particle re-
construction, the photon detection efficiency, and the re-
quirement on the χ2 probability of the vertex fit, which
is estimated by comparing results with and without this
requirement. The results are summarized as detector ef-
fects in Table I. They depend weakly on q2 and amount
to 3.4% for the entire q2 range. We vary the branching
fractions of the decays contributing to the b → u!ν and
b → c!ν backgrounds within ±1 standard deviation of
their world-average values [31] and assign an uncertainty
of 0.6% to the total yield. We further consider form fac-
tor uncertainties in the decays B0 → π−!+ν [14], B0 →
ρ−!+ν [6, 32], B0 → D−!+ν and B0 → D∗−!+ν [33],
and uncertainties in the shape function parameters of
the inclusive b → u!ν model [34]. These uncertainties
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FIG. 2: Distribution of the partial branching fraction as
a function of q2 after unfolding (closed circles). The er-
ror bars show the statistical and the total uncertainty on
the data. The curve is the result of a fit of the BK form
factor parameterization [35] to our data. The four his-
tograms (dashed:ISGW2; plain:HPQCD; dotted:FNAL; dot-
dashed:LCSR) show various form factor predictions.

Only the last bin corresponds to
y = 1− 2.6, with a stat error of
22%→ 11% on |Vub|.
This will be the limiting factor for
|Vub| unless we can use the other
bins somehow.
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B+→ K+µ+µ−

Assuming systematic of 5%, rough estimate of yields gives estimated
error on |Vub|.

Recoil range q2 range NB+→K+µ+µ− σ(dB/dy) σ(|Vub|)
1− 1.8 18− 22 500 6.7% 3.3%
1− 2.2 16− 22 1000 5.9% 2.9%
1− 2.6 14− 22 1500 5.6% 2.8%

With 3 fb−1, B+→ K+µ+µ− will not be the limiting factor for this
analysis.
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D0→ π−µ+ν and D0→ K−µ+ν

Expect O(1M) D0→ K−µ+ν candidates, O(100K ) D0→ π−µ+ν
candidates.

∼3% of D0→ π−µ+ν lie in the low (1− 2.6) recoil region.

CHAPTER 2. THEORETICAL INTRODUCTION

Figure 2.3: Borrowed from the FOCUS experiment [23]. Background-subtracted f+(q2)
values (diamonds with error bars) for the decay D0 → K−µ+νµ compared to a simple
pole form (fitted value mpole = 1.93 GeV/c2) and two other theoretical models.

Similarly, the third important background with a muon in the final state is the decay
D+

s → φµ+ν (BR " 2%) where the φ decays to aK+K− pair. This has a high branching
fraction and the same final state, but with an additional kaon.

The second class of important backgrounds are those where the kaon or muon is mis-
identified. For example, were a pion to be mis-identified as a muon, the decay D0 → Kπ

would be a potential background. However, the closeness of the muon and pion masses
means this decay could be removed by excluding events where the µ-K mass is very
close to theD0 mass. The largest contributions to backgrounds from this second class are
expected to be from three-body charm decays such as D0 → K−π+π0 (BR = 13%) or
D0 → π−µ+ν (BR = 0.3%).

A third component is the combinatorial background in a busy experimental environ-
ment – by this we mean candidates which do not come from any signal but are instead due
to “random” groups of tracks which mimic the true signal. Typically analyses use wrong-
sign candidates to understand this type of background. One can search for the physically
impossible decay D0 → K+µ+ν for example, and since one would expect two positive
random tracks to have the same probability of forming a D vertex as two “correctly-
charged” ones, these events can provide a method of eliminating this background.

Some difficulties can arise in precisely calculating the q2 value for each candidate,
since it is necessary to add the momenta of the muon and the “missing” neutrino in the
event. Several different methods have been used to solve this problem. The FOCUS
Collaboration used a method called clone closure, while the Tagged Photon Spectrometer

34

f +(q2) for D0→ K−µ+ν.

Unlike D+→ K ∗0µ+ν, the form factor
for D0→ K−µ+ν varies by 100%, still
OK to extrapolate?
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Summary

|Vub| is an interesting parameter and worth measuring (if < 20%
precision).

With the relatively large samples of FCNC available at high q2 at
LHCb, a model independent measurement becomes possible.

D+→ ρ0µ+ν is very difficult to measure at LHCb.

Measurement with pseudo-scalars is much easier experimentally.

The pion is very light, causes issues when requiring a common recoil
range between all modes.

If no-one comes up with a show-stopper, we will go ahead and
measure this.
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