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Abstract.We report on studies of charmless semileptonic decays based on the data
collected at the Υ(4S) resonance using the the BABAR detector [1] at the Stan-
ford Linear Accelerator Center. We present a number of inclusive methods to
isolate b → u�ν̄ decays and suppress the more abundant b → c�ν̄ process and
show results of measurements based on: the lepton energy and squared lepton-
neutrino invariant mass, E� and q2, the hadron invariant mass and squared lepton-
neutrino invariant mass, MX and q2. Exclusive charmless semileptonic decays
have also been investigated. We report studies on B → π/ρ�ν decay on untagged
events, the B̄ → Xu�ν̄ decay modes with hadronic tags, the B± → π0�±ν using
semileptonic B− → D0�− ν (X) tags and B0 → π− �+ ν with semileptonic
B0 → D(∗)+�− ν s tags. From the measurements of partial and total brach-
ing fractions, the magnitude of the CKM element |Vub| is derived using several
theoretical predictions and frameworks.

The principal physics goal of the BABAR experiment is to establish CP
violation in B mesons and to test whether the observed effects are consistent
with the predictions of the Standard Model (SM). CP violating effects result in
the SM from an irreducible phase in the Cabibbo-Kobayashi-Maskawa (CKM)
matrix which describes the couplings of the charged weak current to quarks.
An improved determination of the magnitude of the matrix element |Vub| , the
coupling strength of the b quark to the u quark, will contribute critically to
tests of the consistency of the measured angles of the unitarity triangle of the
CKM matrix.

The precise determination of |Vub| is very difficult as, due to the large
charmed backgrounds, we are forced to measure partial branching fractions
and extrapolate them to the full phase space by relying on QCD based theoret-
ical calculations. It is therefore important to make redundant measurements
by using several experimental techniques, and different theoretical frameworks.

1 Inclusive Measurements

In inclusive measurements, three kinematic variables are discussed in the lit-
erature, each having its own advantages: the lepton energy (E�), the hadronic
invariant mass (MX), and the leptonic invariant mass squared (q2). The first
measurements were restricted to the high end of the lepton spectrum where
theoretical uncertainties are very large and therefore the extrapolation to the
full spectrum becomes uncertain. Event selection based on MX and q2 al-
lows us to select larger portions of phase space, but the underlying theoretical
assumptions need to be carefully evaluated.
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In the first analysis here presented, semileptonic b → ueν̄ decays are selected
using a novel approach based on simultaneous requirements for the electron
energy, Ee, and the invariant mass squared of the eν̄ pair, q2 b [2]. The
dominant charm background is suppressed by selecting a region of the q2-Ee

phase space where correctly reconstructed b → ceν̄ events are kinematically
excluded.

Hadronic events containing an identified electron with energy 2.1 GeV <
Ee < 2.8 GeV are selected. The neutrino 4-momentum is reconstructed from
the visible 4-momentum and knowledge of the e+e− initial state.
The maximum kinematically allowed hadronic mass squared, for a given Ee

and q2, is smax
h = m2

B + q2 − 2mB(Ee + q2/4Ee) for ±2Ee > ±
√

q2; we re-
quire smax

h ≈ m2
D0 . We determine a partial branching fraction ΔB(Ẽ, s̃max

h ) =
B(B̄ → Xueν̄ )fu, unfolded for detector effects. The acceptance, fu, is the
fraction of B̄ → Xueν̄ decays in the region of interest, Ẽe > 2.0 GeV and
s̃max
h < 3.5 GeV (shown in Fig. 2 - [3]), where Ẽe and s̃max

h are the generated
values in the B meson rest frame. We find ΔB(2.0, 3.5) = (3.54 ± 0.33stat. ±
0.34syst.) × 10−4.

We extract |Vub| = [ΔB(B̄ → Xu�ν̄ )/Δζ τB]1/2 using τB = 1.604±0.023 ps
and the normalized partial rate,Δζ as taken from Ref. [4]. The values used for
the heavy quark parameters, mb = 4.61± 0.08GeV and μ2

π = 0.15± 0.07GeV
are based on fits to BABAR B̄ → Xc�ν̄ moments [5], translated to the Shape
Function(SF) scheme of Ref. [6].

We find |Vub|(2.0, 3.5) = (3.95 ± 0.26exp.
+0.58
−0.42HQ ± 0.25theo.) × 10−3.

On the other hand, studies [7] indicate it is possible to reduce the theoretical
error on the extrapolation by applying simultaneous cuts on MX and q2 in
inclusive B̄ → Xu�ν̄ . In fact, while the MX distribution has a large usable
fraction of events, of the order of 70%, but depends on the SF, the q2 dis-
tribution is less sensitive to non-perturbative effects but only a small fraction
of events (∼ 20%) is usable. We study the recoiled B candidate opposite of
a fully reconstructed B in hadronic decay (Breco), where are selected decays
of the type B → D Y , where D refers to a charm meson, and Y is a collec-
tion of hadrons (π±, K±, K0

S , π0) with a total charge of ±1 c. The kinematic
consistency of a Breco candidate with a B meson decay is checked using two
variables, the beam-energy-substituted mass mES =

√
s/4 − �p 2

B and the en-
ergy difference, ΔE = EB − √

s/2. Here
√

s refers to the total energy in the
Υ(4S) center of mass frame, and �pB and EB denote the momentum and en-
ergy of the Breco candidate in the same frame. In order to extract the partial
charmless semileptonic branching ratio, ΔBR(B̄ → Xu�ν̄ ), in a given region
of the MX -q2 plane, we define as signal the events with true values of the kine-

bhep-ex/0506036 - The data set used consists of 88.4 million BB pairs, corresponding to
an integrated luminosity of 81.4 fb−1 .

chep-ex/0507017 - 211 fb−1 .



matic variables in the chosen region, treating as background those that migrate
from outside this region because of the resolution ((shown in Fig. 2 - [8]) and
quote efficiencesd only for those signal events. The partial branching fraction, in
the signal region, is ΔBR(B̄ → Xu�ν̄ , MX < 1.7GeV/c2 , q2 > 8GeV 2/c4 ) =
(0.87 ± 0.13stat.+syst. ± 0.01theo) × 10−3.

To translate this into a measurement of |Vub| ,e we need the fraction of
events inside the measurement region f as an external input; using the ac-
ceptance corrections calculated in the Bosch, Lange, Neubert and Paz [4, 10,
11] (BLNP) approach and by taking the SF parameters from [5], we find
|Vub|BLNP

BABAR B̄→Xc�ν̄
= (4.65 ± 0.34stat.+syst.

+0.46
−0.38 SF ± 0.23th) × 10−3, while

with Bauer, Ligeti and Luke [12] (BLL) acceptances calculations, |Vub|BLL =
(4.82 ± 0.36stat.+syst. ± 0.46theo.+SF ) × 10−3.

In conclusion, the total error on |Vub| inclusive measurements is dominated
by the experimental and theoretical uncertainties of the SF. The three ap-
proaches to measure inclusively |Vub| done at Babar show that no significantly
changes occur changing the two sets of SF parameters coming from a fit to the
photon energy spectrum and to the B̄ → Xc�ν̄ moments. Being infact in good
agreement, they give thus consistent results on |Vub| .

2 Exclusive Measurements

Alternatively the measurements of the B̄ → Xu�ν̄ decay rates can be done
exclusively, because this allow for kinematic constrains and more efficient back-
ground suppression, but must rely on theoretical form-factor predictions. We
distinguish between them through the tagging method used: the hadronic tag,
the semileptonic tag, and finally the untagged one.

In events in which the decay of one B meson to a hadronic final state is fully
reconstructed , the semileptonic decay, in B0 → π− �+ ν and B+ → π0�+ ν,
of the second B is identified by the detection of a charged lepton and a pion
g. The charmless meson in the semileptonic decay are reconstructed and the
missing mass (see Fig. 3 - [13] ) is calculated assuming that the pion and
the charged lepton are the only particles present in the recoil except for the
undetected neutrino. Evaluating the signal yield from a fit to mES in three
regions of the invariant mass squared of the lepton pair, we obtain the total
branching fractions BR(B0 → π−�+ν ) = (1.14 ± 0.27stat ± 0.17syst) × 10−4

and BR(B+ → π0�+ν ) = (0.86 ± 0.22stat ± 0.11syst) × 10−4.
In the analyses using the semileptonic tagh, we look for combinations of a D+

dThey are computed on simulations based on the DFN model. [9].
eThe partial rate for B̄ → Xu�ν̄ can be related to |Vub| though the relation previously

defined.
f referred to as “acceptance”
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or D∗+ (D0) meson and a charged lepton (e− or μ−) that are kinematically
consistent with B0 → D(∗)+�− ν (B− → D0�− ν (X)) decays. For each
such B candidate, we define the recoil side as the tracks and calorimeter clusters
that are not associated with the candidate and search for a signature of a
B0 → π− �+ ν ( B+ → π0�+ ν ) decay. We take advantage of the simple
kinematics of the process to define discriminating variables like the cosine of
θBY (see Fig. 2 - [14]) or of θBπ� (Fig. 3 - [15]) i , and extract the signal yield
from their distributions in three bins of q2. Finally we calculate the total and
the partial branching fractions using the signal efficiencies predicted by a Monte
Carlo (MC) simulation. From the signal yields and the efficiencies evaluated,
we extract the following results for the total branching fraction as B(B0 →
π−�+ν) = (1.03 ± 0.25stat. ± 0.13syst.) × 10−4 and B (B+ → π0�+ ν) =
(1.80 ± 0.37stat. ± 0.23syst.) × 10−4.

For the untagged approach we present a determination of total branching
fraction from charmless semileptonic B decays with exclusively reconstructed
final states, B → hu�ν, where the hadronic state hu represents a π±, π0, ρ±,
or ρ0 and � represents e or μ j .
The neutrino four-momentum, is inferred from the difference between the net
four-momentum of the colliding-beam particles, pbeams , and the sum of the
four-momenta of all detected particles in the event. We discriminate against
the remaining background using the variables mES and ΔE . Fig. 1 - [16]
shows projections of the fitted mES vs ΔE distributions for each q2 interval for
B → π�ν and B → ρ�ν , respectively. Integrated over the whole q2 range, we
observe 396 π−�+ν , 137 π0�+ν , 95 ρ−�+ν , and 98 ρ0�+ν decays and the total
branching fractions, B(B0 → π−�+ν) = (1.38±0.10stat.±0.16syst.±0.08FF )×
10−4 and B(B0 → ρ−�+ν) = (2.14 ± 0.21stat. ± 0.48syst. ± 0.28FF ) × 10−4.

In conclusion BABAR has produced in last months several and competitive
total branching fraction exclusive measurements, that are consistent with previ-
ous measurements [17,18], but have higher statistical accuracy, are less depen-
dent on theoretical form-factor predictions, and benefit from recent advances
in theoretical calculations [19–21].

Acknowledgments

We are grateful for the extraordinary contributions of our PEP-II colleagues
in achieving the excellent luminosity and machine conditions that have made
this work possible. The success of this project also relies critically on the
expertise and dedication of the computing organizations that support BABAR.
The collaborating institutions wish to thank SLAC for its support and the

iReferring to the D(∗)+�− system as the “Y ” system, we first calculate the cosine of
θBY , the angle between p∗B and p∗Y and the cosine of θBπ�, the angle between p∗B and p∗π�.

jhep-ex/0507003 - 76 fb−1 .



kind hospitality extended to them. This work is supported by DOE and NFS
(USA), NSERC (Canada), IHEP(China), CEA and CNRS-IN2P3 (France),
BMBF and DFG (Germany), INFN (Italy), FOM (The Netherlands), NFR
(Norway), MIST (Russia), and PPARC (United Kingdom). Individuals have
received support from CONACyT (Mexico), the A. P. Sloan Foundation, the
Research Corporation, and the Alexander von Humboldt Foundation.

References

[1] B. Aubert et al. (BABAR Collab.), Nucl. Instr. Methods Phys. Res., Sect.
A 479, 1 (2002).

[2] R. Kowalewski and S. Menke, Phys. Lett. B 541, 29 (2002).
[3] BABAR Collaboration, B. Aubert et al. , hep-ex/0506036.
[4] B. Lange, M. Neubert, and G. Paz, hep-ph/0504071 (2005).
[5] B. Aubert et al. (BABAR Collab.), Phys. Lett. 93, 011803 (2004).
[6] M. Neubert, Phys. Lett. B612, 13 (2005) and private communication.
[7] Bauer, Christian W. and Ligeti, Zoltan and Luke, Michael E., Phys. Lett.

D64, 113004 (2001).
[8] BABAR Collaboration, B. Aubert et al. , hep-ex/0507017.
[9] F. DeFazio, and M. Neubert, JHEP 9906, 017 (1999).
[10] S. W. Bosch, B. O. Lange, M. Neubert, and G. Paz, Nucl. Phys. B 699,

335 (2004).
[11] S. W. Bosch, M. Neubert and G. Paz, JHEP 11, 073 (2004), [hep-

ph/0409115].
[12] C. W. Bauer, Z. Ligeti and M. Luke, hep-ph/0111387.
[13] BABAR Collaboration, B. Aubert et al. , hep-ex/0507085.
[14] BABAR Collaboration, B. Aubert et al. , hep-ex/0506064.
[15] BABAR Collaboration, B. Aubert et al. , hep-ex/0506065.
[16] BABAR Collaboration, B. Aubert et al. , hep-ex/0507003.
[17] CLEO Collaboration - S. B. Athar et al. .,Phys.Rev. D68, 072003 (2003).
[18] BABAR Collaboration - B. Aubert et al. .,Phys.Rev. 90, 181801 (2003).
[19] M. Okamoto et al. . hep-lat/0409116.
[20] J. Shigemitsu et al. ., hep-lat/0408019.
[21] P. Ball and R. Zwicky, Phys. Rev. D71 (2005),014015; - 0140029.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


