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The CKM Matrix
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Parameterizes flavor mixing
In weak decays

* Diagona elements. near 1

o Off-diagonal: cross-
generational, smaller

e Unitary
e Complex phase generates
CP Violation

o Unitarity constraint on
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Inclusive Semileptonic B Decays

e B mesons can only
decay across
generations

o Semileptonic decays
give most direct access |
o |Vub|1 |Vcb| =

dI/dE,

E, (GeV)
* VuwlVepl~0.1:
decays to charmed * Decaysto charm
mesons ~100 times overwhelm b® u
more likely signal everywhere but

endpoint region
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L epton Energy Endpoint

Approach: ook for leptons in endpoint region

 Provided first evidence |V |t O

e |V ,,| Measurement

— Need fraction of spectrum measured (f,~ 10% for 2.3 ® 2.6 GeV/c)
to get |V, | from partial Branching Fraction (BF)

— Previous measurementsrelied on models® large error

 What's new In this measurement:

— ~10x more datathan 1993 measurement

— Better understanding of B® X ?bkg P lower momentum cut
and test stability of result

— Heavy Quark Theory (HQT) and B® X g photon-energy spectrum
used in place of models
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HQT, B® X g, and B® X/ ?

o Parton level decays b® sg 2-body
calculable w/ NLO QCD | & pertubative 9D [~

 Meson level decays
depend upon

— m,—mass of b quark

Gluon radiation
\ ‘/JIJE,." 2

— Ppe— Fermi momentum;

1.5 2 25
E, (GeV)

motion of b quark in B — Quark-hadron duality

Meson assumed

« Not directly calculable; e There are theoretical

but can be described with
a snape function F(k,) F(k,)

— Convolute w/ parton

constraints on snape of

spectrum o Severa parameterizations
— Universal for b® light In literature (we use 3)

transitions (to 1% order)
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The Shape Function

 Oneform (Kagan & Neubert): b® s b®uln
F (k+) =N (1' X)ae(1+a)x; X = k:+ £1 — Parton level =— Parton level
L -+ shape fcn — +shape fcn
a:-BE-l L > Mg -m,
I, |- 12 fermi momentum
1.5 EEI‘ (Ge\f]zﬁ 0.5 1 E{‘I(.‘(.i;ev) 2 25
e |dea:
— f, depends on F(k,)
— Use E, spectrum to
measure F(k,) params
— Usereault to
; e & = : k+rr3£u::;|5 calculate fu
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CESR & CLEO Il Dataset
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CESR a Symmetric ete
storage ring
Onthej (49:

— €'e® | (49 ® BB (s ~1nb)

— ee® qq,(g=u,d,c,9) (s ~
3 nb)

— (P~ 300 MeV/ c)

1/3 running at OFF j (49)
for continuum bkg
subtraction

CLEO 11 ('90-'99)
ON: 9.1fb (9.7M BB)
OFF: 4.4fb?
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The CLEO Il Detector

* Nearly Hermetic

e Tracking Chambers
— 15T B field
— 95% solid angle
— Provides p and dE/dx
 EM Calorimeter
— Inside magnet
— 98% solid angle
e Muon Detectors
— 85% solid angle

Helium Reservoir

% Muon Chambers

Superconducting Coil
Barrel Shower Detector

- o : Drift Chamber
- : E |l PTL Detector
sk 1 Micro-Beta Quadrupole
=N Vertex Detector
- [etr= End Cap Time of Flight
g
. el | Pole Tip Shower Detector
i : Time of Flight Scintillatord

]:E ogre Yoks
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| ] ] | |
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B® X | ?. Analysis Strategy

e High Quality Tracks

— Candidates restricted to - : ON Dt B
. ™ a 7
central region of detector I _
(~71% of solid angle) ool /Sca'ed OFF bata )
— Require excellent fitsto m
reduce pollution from ] R
mismeasurement oLt
2.00 2.25 2.50 275 3.00

Scaled Momentum (GeW/c)

e Lepton ldentification

— Electrons. combine E/p,
dE/dx, other infointolog ~ © Backgrounds

likelihood; fake rate < 0.1% — B ® X, ?dominates below

— Muons: require hitsat 3 7 Kinematic limit
nuclear interaction lengths; — Continuum production
fake rate @0.5% dominates above
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B® X | ?: Analysis Strategy

e Continuum Background Continuum
—  Subtract with OFF data

—  Suppressw/ neural net (NN)
o Usesevent shapeinfo .

« B® X_.|I ?Background

1. Usesmulated spectrawith B® D,D*, D** & DR
components

2. Get mixture from fit to e spectrum without NN cut
3. Extend mixture to spectrawith NN cut; minimal free
parameters for data/M C differences

4. Systematics. Inner Brem., D/D* mix, B ® D) form factors,
D** & DNR
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Lepton Yields & Partial BFs

0970102-001

5000—
'/ On Data (a)
= Scaled OFF +BKGs | e Totd e @0.21 + 0.015
22500
- - .
! Scaled OFF Data — systematic error equa
N | parts detector response
23000/ (b)] and model dependence
=] |
Eﬁsm,lm e Measureyieldin5
t TP overlapping intervals
Sl +Need fraction of
) spectrum in each p
p [GeV /(] Yield AB,(p)[1074] :

2.0-2.6 3538 £ 279 L 1470 4.22 £ 0.33 £ 1.78 interval (f,) from

2.1-2.6 2751+ 1914584 3.28+£0.23+0.73 Be X.g

2.2-2.6 1901 +122+256 2.30+0.15+0.35 S

2.3-2.6 1152480+ 61  1.43+0.10 +0.13

2.4-2.6 49957114  0.642:0.07 £0.05
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B® X g: Analysis Strategy

¢ ~20<E;<~27GeV
« Continuum (qg) Photon Spectrum at j (4S)

contributions HUGE 107

— Subtract with OFF data

— Must suppress to reduce
error of subtraction

 Production from other B
decays important below 2 _
GeV 103—;

 Distinguishing hard
photons from continuum _
versus B decaysisthetask 71

I Total
- Continuum ISR
_I” Continuum t°
I BE

[ b—ssy

10%

#+v's 1 (50 MeV)'/ pb
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B® X g: Analysis Strategy

o Shape Analysis

— Combine many shape e Four Event Types.
variables with Neural Net
» Pseudo-reconstruction Shape Analysis
K Reconstructable Non-Reconstructable
A B v L epton No L epton No
2 @\/\/\ L epton L epton
T
— Identify the X_ System * Usedl theavalable
e Kwithupto4p’ swithat Information
most 1 p° — 4 Different Neural Nets
e Look for lepton — Rather than cut on the NN
 n output, weight each event to
B-decay tag minimize the statistical
— Flavor tag

uncertainty
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Fitting E? Spectrum

""""""""" — Useresults to compute B® X ?
B + Data 1 ,
2 — SpectatorModel - spectraand f 'S
= | — Correct for electroweak
£ 1 i radiative effects
= o LE e o Systematics
IIIIIIIIIIIIIIIII — Other B decay processes
. - E, (EZV) - — ayW): vary pfrom
m/2® 2m,
* Procedure: — F(k,): 3choices
— Generate lab spectrafor
different F(k,) parameters Momentum Interval (GeV/c) fu
) * 2.0 < ps < 2.6 0.266 + 0.041 + 0.024
— Fit E? spectrum over 1.5- 2.1 < pg < 2.6 0.198 = 0.035 = 0.020
2.8 GeV/c 2.2 < py < 2.6 0.130 = 0.024 + 0.015
. Repeat to find minimum 2 23<ps <26 0.074 +0.014 + 0.009
and error ellipse 24 < py < 2.6 0.037 =+ 0.007 = 0.003
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IV ub| calculation

1 1
~(3.07£0.12)° 10°%" éB(B® X,/n) w2, .6 psf;)2

g

0001 H & t; 4

(Hoang, Ligeti, Manohar; Uraltsev)

e Uncertainties:

1. Endpoint yield

2. f, measurement

3. |Vl expression

4. Theoretical assumptions

* Resllts «  Dominant error depends
Momentum Interval (GeV/c) Vaup(1073) AT
2.0<p; < 26 3.87+=0.83+0.35 £ 0.15 £ 0.12 upon Iower I | mlt
2.1 <py <26 3.95+ 0.46 + 0.40 + 0.16 + 0.16 —  Near 2.0: b® ¢ subtraction
22<p; <26 408+ 0.34 +£0.44 £ 0.16 £ 0.24 ]
2.3 < pg < 2.6 4.27 + 0.24 = 0.47 £ 0.17 + 0.34 — Near 2.4: f, extrapolation
24 <py <26 4.05+ 0.28 +£0.45 + 0.16 £ 0.45
= e Wequote 2.2-2.6 GeV/c
result as best
compromise
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Conclusions

e Wefind:  Reault stable as lower
momentum limit varied:
V| = (4.08 £0.63) x 1077

L S s e e e B B B m S B m m e m s S o my s e m e

o Consitent with previous | ! l I * :
measurements 35 '
* New approach diminates  © |
reliance on modeling "
e Overall error smaller and A
better-measured than _
previous measurements e e e
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