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Introduction
¢ Semileptonic decays < Cabibbo-Kobayashi-Maskawa (CKM) matrix

Complex phase of CKM matrix source of SM CP violation.

Semileptonic decays: good exp. sensitivity and theoretical understanding to measure ‘qu‘

» SM CKM Matrix: unitary 3 X 3 matrix = unitarity represented as triangle
» Immense progress over the last decade in measuring CKM properties:
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The unitarity triangle is shown, based on the triangel equation of V, V:b + Vi \/;L + V_, V7, = 0. The result
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from CKM Fitter for 2003 (left) and 2012 (right) are shown.
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The BaBar detector & Pep-II

BaBar was a multipurpose detector: focus CP violation, 7 physics, ISR, b and ¢
6

As of 2008/04/11 00:00

BaBar
PEP Il Delivered Luminosity: 553.48/1b
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y(ds): 432.89/1b
BaBar Recorded Y/(3s): 30.23/fb
BaBar Recorded Y(25): 14.45/b
Off Peak Luminosity: 53.85/1b
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(1) Silicon vertex tracker; (2) Drift chamber; (3) Cherenkov light detector; (4) Electromagnetic calorimeter; (5)
superconducting coil; (6) Flux return & Muon detection

Operated at the Pep-ll B-Factory at the T(45) resonance of /s = 10.58 GeV; also at /s = 10.54 GeV for
background studies and for scans of T(35 — 55).

Optimized trigger system to recognize T(4S) — bb with an efficiency of > 99%. Main backgrounds from
off-resonance e e~ — ff



Experimental techniques at B-Factories

¢ Several techniques to select and analyze B-mesons from T (4S) — bb

» Identify lepton or exclusive final state; use rest of » Completely reconstruct one B meson; infer full
the event to reconstruct neutrino kinematics of recoiling B from this 'tag’
‘Tagged’

‘Untagged’ 0
recoil -3
identify X, ':
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B tag
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High efficiency — low Purity Low efficiency — high Purity

Energy and momentum from initial states completely
determined due to properties of e e~ system.




| V| from g? — E. measurement (1/3)

@ New untagged measurement of | V| using the full BaBar data set.
to be submitted to PRD

» Select events with high energy electrons: Ee > 1.4 GeV; several 'event cleaning’ cuts to suppress
off-resonance and other backgrounds.

Neutrino kinematics inferred from rest of event:
Nchg Nneut

Pries = Pr4s) = D Plig = 3 Phew = P = (F(|Buse]). Priee)

F is a calibration function that maximizes the resolution.

1400E- BABAR » Simulated B — X, e D, signal
preliminary » Simulated B — Dei., B — D* e e backgrounds

g reconstruction
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”»75 + Four-momentum transfer of the B-meson to the
02¢ l FESOFSaLY R | Xy system, q2, can be obtained by combining the
02F L * +T neutrino and Lepton information:
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q° = (pe + pv)
Neutrino 3-momentum after final selection




| V| from g? — E. measurement (2/3)

¢ B — D*(— Dn) e e background suppressed via neural network

T » Reconstruct slow pion from D* decay; use its
BABAR kinematics to infer D* kinematics

preliminary
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Neural network classifier » Simulated B — D* e i, backgrounds

[} The S,Ta>< Cut: Limits the mass of the hadronic X, system to reject Xc

» Invariant mass of the X, system:

>

20r simulation max

S (P8 — (pe + Pv))°

@2 (GeVA2)
@2 (GeVA2)
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=mg+q *2"75(”:): z*”?iE)

The second line expresses the invariant mass in
terms of the measured electron energy in the T(45)

1 15 2 25 15 2 25 "
E, (GeV) E, (GeV) system.

> Impose s"* < 3.52 GeV?, corresponding to

2 5 _ 5 o
q° — Ec for B — X, e Ue (left) and B — X e e (right) X = D, the lightest charm system.
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| V| from g? — E. measurement (3/3)

> Signal efficiency e, corrected using B—D'Xe Ue control sample.

» Background yields corrected using s side band , which is enriched in B — X, e e background.

B — X, e e partial branching fraction extracted as:

Ndata _ pearr | MC 1 e—) -1
ABEB — Xytoy) = 2 SB bke o Jq 4 (7 -~ 1) sig
2NppFAT - egy fu Esig
DOeve
corr
FDO eve

pre-selection and the final-selection; FSCE" is the ratio of /\Ié\/‘P’C and Ng)l;?m in the side band.

is the ratio of MC and Data efficiency in the B — D% X e Ve, determined using the

@ Results for AB and |Vub|: AB unfolded from efficiency and resolution effects

;
» Extract |V,| in the B rest frame using 3 QCD
calculations for the decay rate A(: AB(B — Xyer,) - 100 AB(B — Xyepe) - 10*
E; >2.0GeV E; >1.9GeV
From AB to |V SPT < 3.5 GeV? ST < 3.5GeV?
3.98 +0.22 327 +04T 448 4+ 0.24 131 +5.29
|Vas| - 10% [Vas| - 10%
BLNP _ tuTgnion e
DGE 4113535 ¥057 4111553405
» Estimated full set of experimental systematics. ADFR 3627018 +017 3.66 1018 +017
Result will supersede [Phys.Rev.Lett.95, 2005]
-
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| V| from exclusive B — X, (7, (1/3)

@ untagged measurement of | V| using the full BaBar data set.
[Phys. Rev. D 86, 092004 (2012)]

> Select events with high energy electrons and muons with Ee > 0.5 GeV and E;, > 1.0 GeV. Reconstruct
exclusive hadronic final state of interest: X, = {7, 7,7, w}.

Neutrino kinematics inferred from rest of event:
Neng Nneut

_ i i 2 3
Pmiss = Pr(4S) — Pchg — Pneut = Miiss = Pmiss
i i

» Neutrino kinematics used to suppress
background, e.g. for mgﬂss/ (2Emiss)
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g~ reconstruction

BABAR

simulation
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Four-momentum transfer of the B-meson to the
Xy = hsystem, g, can be obtained by combining
the B and light meson information:

2 2
q° = (pg — Pn)

e
o

P from average over 4 directions.

m2, J2E .. cut value (GeV)
5

°
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V,b| from exclusive B — X, (7, (2/3)

@ Number of signal events extracted as a function of q2 with 2D fits to beam constrained mass and energy:

[ B—nlv signal
I cross feed
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mes = \/(5/2+ Be  Poeams)?/ Eveams — P AE = (pg - Poeams — 5/2) /V/5

meq (GeV)

P ltis pg = pp + pr + pu with pu = (|Bmiss| » Pmiss)

P> 2D distributions for signal h = 7, off-resonance background, and X, background.
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| Vub

from exclusive B — X, (7, (3/3)

» Unfold q2 distributions from detector effects and resolution, and use form factor predictions for
B — mliy and B — w £ 7y to obtain | V.

» AC: Lattice (HPQCD, FNAL/MILC) valid in high ¢? , Light-Cone sum rule (LCSR) in low g2 regime

Combined Data + Lattice fits

Lattice input can be used along with data to determine the
form factor parameters. This is done by minimizing a global

Xz = Xidm + Mzhe(w using the BGL Parametrization and

the FNAL/MILC lattice points. [Phys. Rev. D80, 034026]
[Phys. Rev. D56, 303 (1997)]

From AB to |V,

AB(B — X, e De
Vil =\ —————
TBAC

[ V| = (3.25 £ 0.31) x 1073

» Unfolded g distribution for B — 7 £ y: (top right) |V,p| from combined data+lattice fit; (bottom

right) |V, | from lattice or LCSR.

P 20210°
% 18|
(Y]
o 18 + P) = —4 = =5
x ¢ (GeV?) AB(107Y)  A¢(psT!) [Vus| (1077)
“‘g " B — 7wty
=12 HPQCD [5] 16 —26.4 0.37 £0.02 +0.02 2.02 £ 0.55 3.47 £ 0.10 £ 0.087559
g 10 FNAL [6] 16 —26.4 0.37£0.02+0.02 2217037 3.31£0.09 +0.070:37
< g b LCSR [3] 0-12 0.83+0.03+0.04 4597520 3.46+0.06 +0.081057
o data | { [ LCSR2 [34] 0 3.3440.10 £ 005702
a FNAUMILC X Bt — wtty
FNALMILC fitted LCSR3 [18] 0-—20.2 1.1940.16 £0.09 14.243.3 3.20 £0.21 +£0.1270 33
2 BGL fit to data + FNAL/MILC ¢

Unfolded g? (GeV?)



Summary for |V,
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o [ E.>1.9GeV,sp™ < 3.5GeV? ]
> _______________________

] DGE [ HFAG world average - -]
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[Phys. Rev. D 86, 092004 (2012)] = e
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For B — 7 the B meson decay constant of [arXiv:1302.2644], fg = 0.186(4) GeV, was used along with the
preliminary HFAG average. CKMFitter and UTFitter are the FPCP 2013 and the Moriond 2013 results.



Outlook

@ Expect to finalize preliminary |V,p| result using s, cut soon.

@ Several other semileptonic BaBar analyses are being worked on:
tagged » B — DY 1o,
> B — D* Ly for | Vel
| 2 B — D** 27
> B—pliy
untagged » B — D/D*/D** £, for global fit for | V|
@ All of them address aspects with poor understanding and tensions;
analyses with BaBar data remain interesting until Belle |l goes online and
has a sufficient large data sample to overtake the past B-Factory
experiments.

Thank you!
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