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Several recent key results from the BABAR experiment are presented, most using
383.6fb~! of data. In particular, the search for B* — 7Fu, inclusive and exclusive
measurements of |Vy|, measurements of b — dvy decays and new observations of rare
charmless hadronic decays. The new results provide important experimental constraints
on the Standard Model and new physics models.
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1. Introduction

The large number of different B meson decays provides a rich environment for
studying flavor physics and testing the Standard Model (SM). Several of the pro-
cesses described in this paper provide interesting constraints on new physics which
may be discovered at the Large Hadron Collider (LHC). Since there are numerous
B decay measurements, we have focused on recent key results from four subcat-
egories of B decay: purely leptonic (BT — 77v), semi-leptonic (|Vis|), radiative
(b — dvy) and several rare charmless hadronic decays. Charge conjugate processes
are assumed throughout. Most of the results presented are obtained from a dataset
of 383.6 & 4.2 million 7 (4S) — BB events corresponding to an integrated lumi-
nosity of 346fb~1. The data are collected by the BABAR detector! at the PEP-II
ete™ asymmetric B Factory tuned to the center-of-mass energy /s = 10.8 GeV.
An additional 37fb™! of data is taken 40 MeV below the 1°(4S) resonance (“off-
resonance” ) for background studies. All unpublished results should be considered
preliminary.

2. Bt - rtv

The purely leptonic decay, Bt — 7%v, in the SM occurs from quark annihilation

via a W7 boson. The predicted branching fraction is given by:2
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where G is the Fermi constant, mp and m, are the BT and 7 meson masses, fp
is the B meson decay constant and Tg is the BT lifetime.

The Bt — 7%v decay is challenging because the final state contains two or
more neutrinos. It lacks the usual signal B mass and beam energy constraints to
reduce continuum and mis-reconstructed B background. To combat this we use the
“recoil” method. The 7'(4S5) resonance produces two B mesons and we reconstruct
fully or partially the other B meson, called the “tag” B. This is done using the
common decays B~ — D~ vX? (semi-leptonic tag) and B~ — D°*) X~ (hadronic
tag). The remaining particles are attributed to the signal B meson. Results for the
semileptonic® and hadronic” tag approaches from BABAR are shown in Table 1.

Table 1. Bt — 71 branching fractions.

BT — rtv Branching fraction (1074)  Significance  (fp|Vyp|) 1074
Semi-leptonic 0.9£0.6+0.1 1.3 7.2720 £ 0.2
Hadronic 18708 £0.4+02 2.2 10.1753+2
Combined 1.24+044+0.3+£0.2 2.6 -

These results are consistent with the first evidence seen by the Belle and provide
constraints on the SM'? (see Fig.1). BT — 77 v is sensitive to possible intermediate
charged Higgs bosons? . Exclusion regions (95% CL) for this new physics scenario
are shown in Fig. 1.
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Fig. 1. Constraints from BT — 77v on the Standard Model p — 7 plane (left) and exclusion
regions for tan 3 vs charged Higgs mass from BT — 71 v (right).

3. Measurement of |V,;|

A key goal of the B factories is to over-constrain the SM flavour sector. The dom-
inant constraint comes from sin 2(3. To over-constrain, and thus test the SM, |V,|
should be measured as precisely as possible and compared to that from the SM fit.



Measuring |Vyp| is experimentally challenging, due to the neutrino presence and
the large b — cfv background. There are inclusive and exclusive approaches. For
both we can use the recoil method, mentioned earlier, called the “tagged” result.

Exclusively, |V,3| is obtained from the B — wfv branching fraction. The final
state has good purity, but suffers from statistical errors due to the smaller branching
fraction and theoretical errors to take into account the hadronic uncertainties in
the form factor®. In the tagged measurement three bins in ¢? are taken (where
q? is the squared invariant mass of the lepton-neutrino system). In the untagged
measurement 12 bins are used. The results are shown in Table 2 for 211 fb~* 910,

Table 2. B — wflv branching fractions and |V,,;| (third error due
to form factor).

B® — 7=¢*t7  Branching fraction (107%) [Vius| (1072)
untagged 1.46 + 0.07 4 0.08 34570 1T F0 0%
tagged 1.334£0.17 +0.11 3.8104T02+07

For the inclusive measurement strong kinematic cuts are needed and the full rate
isn’t measured. Theoretical calculation of the differential width is required extract
|Vup|. Significant progress has been made on this front over the past few years!!:12.
The various kinematic BABAR |V,,;| measurements'? (using a tagged approach) help
lead to the world average for inclusive |V,;| = 4.32 4 0.17 £ 0.35) x 1073, for more
details see Ref. 14. The world inclusive measurement shows a small discrepancy
from the exclusive measurement, and the global SM fit'®, see Fig. 2.
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Fig. 2. |Vyp| from: SM fit (contours), exclusive (+) and inclusive (*) measurements.



4. b — dv

The decay b — dry, being a Flavor Changing Neutral Current (FCNC), is sensitive
to new physics beyond the SM. However, it is rare, suppressed by (|Via|/|Vis|)?
relative to b — sy decays. The exclusive decay B — (p,w)y was first observed by
Belle'® and recent BABAR results'® are given in Table 3.

Table 3. Branching fraction results for b — dy from 316 fb—!
(final row is from an isospin averaged fit).

Mode Nsig Significance (o) B (1076)

Bt — pty 42017149 3.8 1.1079-37 + 0.09
BO — p0y 3877206 4.9 0.7979-22 +0.06
BY — wy 11.01%7 2.2 0.4070-23 +0.05
B — (p,w)y - 6.4 1.2579-22 +0.09

We can now determine |V;4|/|V;s| and compare to that from CDF (Amg)'7:
Vil /[Vis| = 0.20075:025 £:0.015  [BABAR]
[Vial/|Vis| = 0.2060 & 0.0007+39%8! [CDF]

These ratios are in good agreement. Separate charged and neutral fits to the SM
p — n plane'® using world averages are shown in Fig. 3.
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Fig. 3. Bound on the p — n plane from py/K*vy and Amg/Ams measurements.

BABAR has also searched inclusively for b — dvy in the kinematic region
1.0 < m(X4) < 1.8GeV/c? using a sum of seven exclusive modes (various m and
7 combinations). Using 348 fb~! of data, 178 + 53 signal events were found, repre-
senting preliminary first evidence for b — dv outside of p and w resonances:

7

Z B(B — Xa7)|1.0<x,<1.8Gev/e2 = (3.1 £0.9702 £0.5) x 107.
Xd:1



5. Rare Charmless Hadronic Decays

The BABAR experiment has published a number rare B decays to charmless
hadronic final states'. One recent highlight is first observation of BT — KtK 7+,
The resonant decays BT — K*CK T or ¢nt are heavily suppressed b — d penguins.
Previous searches have produced upper limits consistent with no signal. However,
using the full K+ K~ 7t Dalitz region and 347.5fb~* of data, a substantial signal
was observed (429 events). The branching fraction results are given in Table 4. The
K™K~ invariant mass (see Fig. 4) shows a large broad structure at approximately
1.5 GeV. There is also an excess in events at low K~ invariant mass. These effects

have been seen in other recent mass spectra2® 22,
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Fig. 4. Invariant mass distributions for Bf — K+ K—rnt.

Some other recent measurements from BABAR are B® — K*0K*0 23 and four
B® — K*°hth~ decays?*. Another recent development was the measurement of
several axial vector b9 decay modes?®. All of the results are summarised in Table 4.
The b{h* modes are in good agreement with some recent theoretical predictions?®.

Table 4. Branching fraction results for b — dvy from
316 fb~! (final row is from an isospin averaged fit).

Mode B (107%) Significance (o)
Bt - KtK—rt 5.0+0.540.5 9.6
B0 — K*0K*0 1287030 £0.11 6
B - K*OKTK— 275+1.3422 > 10
B® — K*Ogt K- 46+1.14+0.8 5.3
B — K*OK+n— < 2.2 (90% CL) 0.9
B® — K Oxtg— 54.5+2.944.3 > 10
Bt — b0(1235)7r+ 6.7+ 1.7+ 1.0 4.0
B+ —b9(1 9.1+1.74+1.0 5.3

(1235)
- b]F(1235)7ri 10.9+1.240.9 8.9
by (1235)K+t  7.4+£1.0+1.0 6.1




6. Conclusions

We have presented here a snapshot of recent results from the BABAR experiment.
The decay Bt — 71 v is starting to emerge with the power to constrain two-higgs
doublet physics models. A new inclusive |V,;| measurement using tagged events
has improved the world average which now shows a small discrepancy with the
global SM fit (still not significant). Using b — dv events we have shown interesting
comparisons between |V;4|/|Vis| obtained from penguin diagrams to that from box
diagrams (Amg). Lastly, we have presented a number of the recently published rare
charmless hadronic decays. The observation of a new broad structure at 1.5 GeV/c?
in K* K~ invariant mass is proving interesting. In summary, BABAR is provid-
ing precise constraints on the SM and the flavour sector of possible new physics
scenarios. Additional data from new-generation flavor experiments and theoretical

progress will help continue to this and allow us to probe further.
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