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What is |V |?

Charged-Current Weak Interaction Lagrangian

L SV "W (A-vy")d, + h.c.

wo— 2\/*

Cabibbo-Kobayashi-Maskawa (CKM) Quark-Mixing Matrix

Vud Vus V b
V.=\V.y V. V., b-to-
Flavour
L th Vts th | Change

|V ,|: A fundamental parameter of Nature =
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IV | and the CKM Quark-Mixing Matrix
_Vud Vus Vb_ 1—%73 A A (p—in)
V.. = Vcd V. Vcb wY -l g +0(1.!)
Vi Vi V) [

u

Standard Model:
3 quark generations
« Charge-Parity (CP) violation possible
*n=0

CP Violation: experimentally observed in KO-KO and BO-B? systems

Open Questions:
* Why can the universe’s matter-antimatter asymmetry not be ascribed to ?
 Are the experimentally observed violations described by = 0 alone?
* New Physics? We must peer at the CKM matrix from all directions!
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Unitarity: V.V +V.V_ +V V. =0

(psM)

(9,)

IMAGINARY

((I) 3) Finite Area = CPV

(¢))

(0,0) At ) (1,0)
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Probing “The” Unitarity Triangle:

Semileptonic
b — ' decays offer B9 B mixing

best route to measure y
IV |

(eli=le) 6
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Where we be at?

~ Current p-n Plane

sin 2[3: well-measured (BaBar/Belle),
theoretically clean

|V.,|: known at the few percent level

|V ,| side needs greater precision:
« CLEO is pioneering techniques

 Theoretical advances:
recent and ongoing

Yossi Nir: “Very likely, the KM mechanism is the dominant source

of CP violation in flavour changing processes.”
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|V .| iIn Exclusive Semileptonic B-Meson Decay

At the parton level:

GZ
92%3‘

I'(b— tv)=

‘2

At the hadron level:
* QCD corrections play a vital réle
» Theoretical input: form factors (FF)

& RES al, o
. U i 2 3
(courtesy of Mike Luke) dr GF p

12
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Realities of the |V | Business

 Lepton system can serve as a of the quark process

* Predicting the form factors requires (i.e., it's very difficult)
 Finding |V | is as as (than) it is about the CKM matrix
» Understanding the physics of many Is crucial

) |Vb|2 //<

Meson

X “Form factor”

| Fx(q°) |
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Inclusive Approaches to |V ,|
CLEO: Phys. Rev. Lett. 88, 231803 (2002)
Inclusive: blind to the specific brand of meson in the final state

Theoretical Tools (mature, reliable): B—> X lv
« Heavy Quark Effective Theory (HQET)
» Operator Product Expansion (OPE)

I'(B—> X lv)= Y theory

Parton Level
2 d’T'(b— (V)
Vo,
dk,dk,dk,

Experimental Considerations (severe):
« collossal (~20 dB) backgrounds from favoured b — ¢ processes
C. W. Bauer,

e Canonical observables: dl“/dmiu , dF/dq2
Z. Ligeti,

w e  * Respective fractions of b — rate in charm-free phase space:
et al ~80%, ~20%, [~45%]
 Cuts on these observables have drastic implications for theoretical
expansions and assumptions about quark-hadron duality
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Exclusive Approaches to |V |

Exclusive: treat explicit final states for each decay mode

B—)[ T o0 o0 4@ ,...}év

Phenomenological Form-Factor Tools (a jungle!):
« Lattice QCD Techniques (calculations with uncertainties!)
* QCD Sum-Rule Methods
» Quark Models (non-relativistic and relativistic)
* others...
» Bottom Line: the most reliable calculations are only valid in
restricted regions of phase space = |V .| extractions difficult!

Experimental Considerations:
* more kinematic constraints to reject b — c pollution
* “neutrino reconstruction” methods (poor, but better than nothing!)
» probe more phase space = take form-factor predictions to task!

Batavia, 2003.06.27 Andreas Warburton McGill / Cornell (CLEO) 11



|V | Challenges: Theory and Experiment

 Cabibbo Suppression: Rates are small from the outset, ~I'(b — ¢)/100
* Interpretation: Requires both Theory and Experiment

» Mutual Reliability of Theory and Experiment: Only in limited kinematic regions!

Inclusive Exclusive

SMALL
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Checkpoint =

So Far...

The CKM quark-mixing matrix
Unitarity Triangle, CP violation
Multipronged attack: Theory, Experiment, Inclusive, Exclusive

Next...

Making Y(4S) mesons nearly at rest
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Wilson
Synchrotron
Laboratory

LEPP

[Laboratory for
Elementary-Particle
Physics]
(formerly LNS)

Cornell University
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The Accelerator
CESR: Cornell Electron Storage Ring

SYNCHROTRON -~ ™ __ "

Synchrotron

WEST EAST
TRANSFER TRAMNSFER | b,
LINE LINE e Transfer Line

==== g Pretzel

e+ Pretzel

Linac
Gun e” 300 MeV

150 KeV converter /

CLEOII

@ Positron Bunch - Clockwi se
@ FElectron Bunch - Counter Clockwi se
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Synchrotron + CESR

(AIP Archives)
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Resonance Region

o(e*e” = hadrons) (nb)

B Threshold
ON Resonance

0
10.50 10.52 10.54 10.56 10.58 10.60
E., (GeV)

[+
4]

i
o

2/3 running ON the Y (4S):

-
4 ]

a(e*e” — hadrons) (nb)

1/3 running OFF the Y (4S):

3.44 9.46 10.0010.02 10.34 10.37 10.54 10.58 10.62 allows subtraction of continuum
Mass (GeV/c?) backgrounds
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CESR Luminosity Performance

2231001008

7 Bunch
Operation\#
3 Bunch

(b / Month)

ity

CESR Luminos

]
g
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Recent CESR
Performance:
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Superconducting IR Quadrupoles

2231202-009

Total Luminosity (all energies)
5.60 GeV

5.29 GeV (4S)

5.18 GeV (3S)

5.01 GeV (2S)

4.73 GeV (1S)

4.20 GeV

3.50 GeV

1.84 GeV
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Checkpoint = E‘.

So Far...

CESR and the making of B mesons

Next...

CLEO Collaboration and Detector
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The CLEO Collaboration

Membership:
« ~20 Institutions
» ~120 Physicists
« ~1/2 DOE, 1/2 NSF
 Currently expanding...
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LR

. CLEO Physics

- CESR Upgrades

= a/pEv

=
o
>
S
m
o

[EE Mixing) CLE

b—>=ufv

». CLEO
b-—»cév
- B Decay
1(4S), T(5S) Microbeta
CLE I 7 Bunches

Pretzel Orbits

CLEO Integrated Luminosities

T(1D)
A.. Limits '
B—»nnx
DD Mixing
Limit

CLEO Il

9x5 Bunches :
SC IR Quads ]

SC RF
9x4 Bunches

Crossing Angle
9X3 Bunches
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Andreas Warburton
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CLEOIIl + 1.V

CLEO Il (1989 — 1995): A8 Helium Reservoir
« 1.5 T Solenoid Magnet
« 3 Tracking Chambers
» Csl Calorimeter
« Time-of-Flight System

Muon Chambers

'_-'T"
=R

Superconducting Coil

* Muon Systems ‘*\me 7 — Barre] Shower Detector
. ———=— ———  Dyift Chamber
« 3.3x10°BB pairs — SVX Detector

Micro-Beta Quadrupole
Vertex Detector

CLEO 1.V (1996 — 1999):

« 3-layer Silicon Detector
replaced inner tracker (a first!)

» Ar-Ethane — He-Propane (a first!) ~ Bl Magnet Yoke
« 6.4 x 10% BB pairs

Flight Scintillators

= =
f End Cap Time of Flight
I Pp]e. Ti F Sbowe.r ]_:le.!ector

/Wf RN ‘4‘1-..._ Hiweo
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CLEO 11l (2000 — 2001):
* Inner Systems all new

Si Vertex Detector
Drift Chamber
RICH Detector
Thin Beampipe
SC Focussing
Quads

« 7.4 x 10 BB pairs

Batavia, 2003.06.27

CLEO Il

Solenoid coil
Barrel calorimeter
RICH
Crift chamber
Silicon/beampipe

Endcap calorimster

Iron polepiece
Muon chambers
SC quad
pylon

SC quads

Rare earth quad
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Data

e+ e- crossing rate

Max data collection rate

COl | eCt|O n bb Production Rate

qq Production Rate

and Sample @q-uiso

Facts

This
Analysis

Batavia, 2003.06.27

Lepton-pair Production Rate

Multiple Interactions per
Crossing

Trigger efficiency for hadrons

Detector Y(4S) [fb~!] Continuum [fb~!] BB Events (10°)
CLEO II 3.1 1.6 3.3
CLEOILV 6.0 2.8 6.4
Subtotal 9.1 4.4 9.7
CLEO III 6.9 2.3 7.4
Total 16.0 6.7 17.1

Andreas Warburton

McGill / Cornell (CLEO)
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Checkpoint = E‘.
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So Far...

CLEO Collaboration and Detector

Next...

Exclusive Approach to |V | Measurements
“Neutrino Reconstruction”
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CLEOQO’s Exclusive Approach to b — u Decay

E4 Véronique Boisvert, Lawrence Gibbons, a.w.

Main Goals: Tom Meyer Ed Thorndike

- Identify specific final states of B — X Iv, where X e{ T 0 ,P0 ,Q, }

» Use theoretical form-factor calculations to extract signal yields in each mode

* Derive model-dependent |V | from measured rates

« Examine rate as a function of momentum transfer (g?) : exercise the models!
)
dF . GF ‘V ‘2 ‘ — f 2
2 317 b |Px 1\ 4
dqg 24

(more form factors in the case of vector modes)

2
T...

for m:

‘3
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Ancient History

model dependence
(Er B — xlv ) ) 2
z-B

)

First Observation

Br(B’ > 7 I'v)=(1.840.4+0.3+0.2)x10"*

J. Alexander et al. (CLEO), Phys. Rev. Lett. 77, 5000 (1996)

First Attempt at Partial Rate Measurement (endpoint kinematics only)

Br(B" - pI'v)=(2.57£0.29°2 +0.41)x10"*

B.H. Behrens et al. (CLEO), Phys. Rev. D 61, 052001 (2000)

Technique recently re-used by BaBar: B.Aubert ez al. (BaBar), Phys. Rev. Lett. 90, 181801 (2003)
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What's new in the new CLEO analysis?

» Higher reconstruction efficiencies

Help to reduce
model dependence!
A

* Partial rates in g2 bins

» Significant theoretical progress, esp.
* [attice QCD techniques
K * QCD sum rule calculations
 (more models available...)

Batavia, 2003.06.27 Andreas Warburton

[- Full CLEO Il + 11.V dataset (size increased by a factor ~3)
* More hadron daughter modes reconstructed
 Improved characterization of backgrounds

» Lowered charged-lepton momentum criteria:
1.0 (1.5) GeV/c for pseudoscalar (vector) modes

Desired Deliverables

* g°-dependent decay rates
* |V | with reduced model
dependence

McGill / Cornell (CLEO) AY)



Coarse Analysis Roadmap: Measuring Rates

Ewvent: &04¢

1. Find a candidate
Apply Cuts

2. Reconstruct
candidates ( 7’ 0", 0% o, )
Apply Cuts

3. Reconstruct candidate

Apply Cuts

4. several observables simultaneously

5. Consider several form-factor

Batavia, 2003.06.27 Andreas Warburton McGill / Cornell (CLEO) 30



Principles of Neutrino Reconstruction

Reconstruct the entire event!

Exploit CLEO detector hermeticity, Ve / Vﬂ
[0.93 to 0.95](4n): i <{"good" tracks, showers| 7

/
Emiss — 2Ebeam B ZiEi el /Ll /,
N A = /
pmisi: _ZIB] [G (‘me =% MeV/C] ,' Daughters
(Evl pv) = (‘pmiss Y pmiss) // of 2nd

® B Meson

Employ powerful collider-beam constraints:
_ |2 SR -
Mmﬁv = \/Ebeam B ‘apv +P, + pm‘

AEE(EV‘FEK‘FEm)_Ebeam ﬂ’p,a)’n

Define signal region by energy and
momentum conservation:

AE =0
M VEMB

m/{
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Neutrino Reconstruction: The Hard Parts

Need to establish a one-to-one correspondence between

« Tracks —» Charged decay products
« Calorimeter Showers — Neutral decay products

Difficulties:
o Extra tracks

 Extra calorimeter showers

» Lost tracks or showers

« Extra neutrinos

« K_ mesons

« Hermeticity imperfections
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Track Reconstruction Errors

e

curlers
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Splitoff
Shower

l+'!l f I||||;'I 1
I#?##.Wﬂ*ﬁ'ﬁﬁﬂr' Tt
|

i
L
]

|

I

B
A

Splitoff Calorimeter Showers

Before Splitoff Rejection

Photon Showers Lost
Splitoff Showers Rejected

T
| Iwmmlul,llul.,llu )
wvwwll

06
Shower Energy (GeV)

After Splitoff Rejection
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Unreconstructed Neutral-Particle Pollutants

Undesirable Contributions to Missing Energy

. : require one-and-only-one charged lepton candidate
. :  in every 2" event; leave showers 50% of the time

Extra Extra D,

Il
~

> pmiss)

Neutrals

Neutrals

Monte Carlo

Erec — Egen [GEV] IPlrec — [Plgen [GEV/C]
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Checkpoint =

So Far

Exclusive Approach to |V | Measurements
“Neutrino Reconstruction”

Next...

Branching-Fraction Fits
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Binned Maximum Likelihood Fit

Use approach of Barlow/Beeston
[Comput. Phys. Commun. 77, 219 (1993)]

lnﬁzzn:xilnui—ui+Zn:ZmzaﬁlnAﬁ -A;
i=1

i=1 j=1 . 5.155 5.200 5.245

a; =# of MC events from source j in bin i

A;; = expected # of MC events from sourcej in bin i

Bins fit simultaneously:

* 7 in AE and Mg

* 3 in g2 (1 bin for ®, n modes)

« 7 signhal-mode topologies

« 2 event net-charge states (|AQ| = 0,1)

* Finite MC statistics )
* Bins with 0 events from a MC source S HEBIRIRITIZEON] TEER 9
259 (406) bins in total!

» Weighted MC events

Method accommodates

Sources: 7 in total
(see projections on next slide)
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Exclusive Reconstruction of
Decays

Open: Signal MC simulation

Yellow: B — X /v non-signal feeddown; floated
in fit, subject to constraint from CLEO endpoint analysis

Cyan: Fake leptons

Batavia, 2003.06.27 Andreas Warburton

McGill / Cornell (CLEO)
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¢/ v| Partial Rate Fit Projections
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Feeddown from other b — 1 Modes

- Impose

Home Grown Model (with signal modes excised): Internal
* OPE calculation of inclusive spectrum, differential in X mass CLEO
[Kagan, Neubert, EPJ C7, 5 (1999)]

Consistency

* Nonperturbative parameters in the above model obtained from
CLEO analysis of b — sy photon spectrum
+ [CLEO, PRL 87, 251807 (2001)]
* “Folded in” resonances up to (1450), according to the ISGW |l model
[Scora, Isgur, PRD 52, 2783 (1995)]

Float in fit, subject to constraint from CLEQO’s inclusive endpoint |V | analysis:
[CLEO, PRL 88, 231803 (2002)]

where N,( )
q
(B —B )2 Bep = BU(VfUKV + Z Z B ,If i
2InL - -2InL + =27 =
Oem m e { / / / 1o }
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Blood and Sweat: v Simulation Systematics

* Modify several attributes of every Monte Carlo event in
each signal and background sample

 Refit using full branching-fraction fitting machinery
* Note (%) effects on fit parameters

varlation T it p T "y
Y resol. 4. 2.9 5.4 2.3 2.9 3. 2.3 0.6
K L shower . . :
part icle 1D 2.5 3.0 h.3 =9 975 , (1.2
split-off rejection 2.4 3.0 .l 2 .o 2.9 a0

track eff. 3.5 .2 2.6 =6 3.3 0.4 3. 0.5
L1 ] it |] . \

H]Jll =i |“_I "'-i 111.
K;, production
v production

Batavia, 2003.06.27 Andreas Warburton McGill / Cornell (CLEO) 41



Why the ' Is as easy as pie...
but the ¢ Is a tough row to hoe!

(%) ,

g= interval (GeV?) g% interval (GeV?)

Systematic|Bigia <= 8 8 — 16 = 16 |Bigig <=8 8—16 = 16

1 =1rmlation WW
JI A 1" .:]NH.Y Frs ] T 2.5

; 2.5 1.0 3.2 20 214
Vi foed down| 0.5 3. ) %3 9238
Contimuum smoothing] 1.0 2. (). D | 30 10.0
Fakes| 3.0 3. 3. 3.0 3.0
Lepton 1D 2.0 2 2.0 2.0
f+—/Joo ) 2.3

Te+,/TRo

l2o=pin

Luminosity

| -l_]]';u']"
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Summary of Branching Fractions from Nominal Fit

Form-Factor Models: Ball et al. (2001) and Ball et al. (1998) for - and ., respectively
(light-cone sum rules)

analysls l'n-r[llil' e I"""'-"l."]" modes
pe = 1.5 ( :I:.j.ll':;.-ll., . 1.75 WV /e pe = 2.0 GeV, /
.33+ 0.18 £ 0.11 ln]:l:l'l":l:'llll 32+ 015+ 0.12
043+ 0.11 + 0.05 0.43 + 0.11 4 0.05 0.42 + 0.11 + 0.05
D65 011 £ 0.07 .65 =011 4+ 007 0.66 +0.11 4+ 007

0.25 4 0.09 4 0.04 0.24 4+ 0.00 4 0.04 0.24 4+ 0.09 + (.05

217+ 0.34 Ty | 2 .34 +0.34 Toel 2204035 T
|||_.:I:I|'|I|+ n II:I:” 1||+|_|.L|1 |||| :I:II._'l,_.I-l_”JE

0.40

Ll ,;': 0,23

1.24 + 0.26 "'E:?" ] 324+0.26 t92  1.11 +0.25 +0.23

0.25

0.50 +0.10 T§% 0 ‘ﬂ:ll]ll*::'l',“, nl.+.inlll+:::,';

D=1+ 031 +016/054+031+0.16 023 +031+0.15

(theory uncertainties not included in table)
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Branching-Fraction Form-Factor Model Dependence

g° interval {GeV?)

. (x10%)

3 | - = L)
Btotal by by 16 B-1g —2InL

DT L0335 0420 & 00195 1,249 £ 0256 04909 £ 0007 240.3

7 Model p Model
Ball'Ol  Ball'4=

e.qg., ofv

Study effect of
form-factor model

variation on

signal ( ) and

crossfeed ( )
components

Batavia, 2003.06.27

ISGW2 Ball'us
sPD

1.7 x RMS;Fp
GeV/e
Ball'0s
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Melikhow 00
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Dp = 1.5
Ball'01
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all o]
1.7 ]"-‘-‘"‘]H;:.-FF

pp = 175 GeV /e
Ball'ol — Ball's
Ball'0l  ISGW?2
Ball'ol  AMelikhow 00
yall'ol  UKQCLYYS
1.7 x RMS,gp

pe = 2.0 GeV/e
sall’'ol  Ball'Os
yall’ol  ISGW?2
Ball'ol  Melikhov' 00
Ball'ol UKQCDOS

1.7 x ]'i.‘.'"n]HF_.FF

2AT6G £0.335 0430+ 019 1.249= + 0.2

.

217 £ 0.3
.01 +£0.28
2.56 +0.37
D% 10,392
Ny

284 + 0.5
2034028
2.74+0.37
2.23 £0.32
.44

2.20 4+ 0.35
[.80 4027
2.66 +0.38
2.15 +0.32

047

(.11

0.43 £+ 0.20
ot £+ 0013
.33 £ 015
.30+ 017

NN

.50+ 10
O34 £ 0013
Hoas 410
.45 =015
0.11

0.62 &+ 0.22
o= 4013
A=+ 017
004 £ 0149

015

(.04

24 +0.26
14 4+ 0.23
A5+ 0.31
21 +£0.25
0.22
a2 +0.26
204+ 0.23
A8 £+ 0.31
28 +0.25

0.2

.11 +0.25
0.9 410,22
.36+ 0.51
L7 +0.24

24

o L AO0  OOs
DAED 033 0420 £ 019 1.250 + 0.256

A T e N
(.00

.50 4+ 0,110
(.47 + 0,10
0.75 + 0.14
00 0,10
(.19

0.52 4+ 0.10
(49 40,10
0.78 £ 0.14
051 + 0,10
(.20

056 4+ 010
(.54 =+ 0.00
0.=3 4+ 0,14
(0.55 4 0.09
(.21

FAM T
2407

230 %

Andreas Warburton

McGill / Cornell

(CLEO)




Reduction of Model Dependence: g2 Binning

Branching Fraction Fit Results E=rr

Only sensitive to FF shapes i s : 'rﬁﬁmlmf
within a given g2 bin : it I - EE =

V | Fits el

Can discriminate between FF models

Br(B° - 7 (*v)

+1.8 stat
+1.1 syst
+0.1 )B > = FF
+0.7 B —> p FF

d I"dq2 {arbitrary units)

3600103-005
Melikhov be
Ball '98

| ©----UKQCD ‘98-
2y :

Br(B° - p (*v)

+3.4 stat
+4.7
21.7 5.4
+4.1 B —> p FF
+0.1 )B —» = FF

syst

ISGW?2 disfavoured in fits!
Batavia, 2003.06.27 Andreas Warburton McGill / Cornell (CLEO)




Special Thanks to A. Kronfeld and J. Simone

[ElI-Khadra, Kronfeld, Mackenzie, Ryan, and Simone, PRD 64, 014502 (2001)]

J. Simone

[Becirevic, Kaidalov, PLB 478, 417 (2000)]
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So Far...
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Next...

Determining |V |
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Approach to |V .| Extraction

Use only QCD calculations with reliable uncertainties
(skip the quark models)

Light-Cone Sum Rules (LCSR)

® UKQCDS8
- Validfor E, > Ayep i

FNALSY

« Use two q2 blnS bGIOW 16 GeV? — HiKEK98 (no x)

Lattice QCD (LQCD) [presently quenched] O UKQCD95 (mo x)
« At low meson energies, i m APES95

uncertainties are under control:

« Use g2 bin above 16 GeV?

Assess all experimental systematic
uncertainties in [V | fits to
accommodate correlations
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CLEO Exclusive |V ,| Result

Optimally Combining =, p, LQCD, LCSR: hep-ex/0304019

+1.6 +5.3 + 0.3‘ . % 10-4 Accepted by
v
1.7 et _3_9LQCD/LCSR @ Phys. Rev. D

expt theor

theor

V,,|=|31.7+1.7__

3600103-003 3600303-015

2
Alg™ e | Ball '01 All g°
e KRWWY = Ball '98
e SPD
RS Average, all g2 ’ I ISGW I

q° 2 16 GeV? Lattice QCD Meli '00
N FNAL '01 UKQCD '8

= = JLacD

APE : : Average, all g2

' UKQCD '00 2 > 2 -
=16 GeV Lattice QCD
| Average, (C|2 Z 16 G9V2) q
H—— UKQCD '98

> > Error Bars
q <16 GeV LCSR 2 2
- Ball '01 q < 16 GeV LCSR

- KRWWY 8 Ball '98 :
 —@—t | Average, q°< 16 GeV* Upper.

Average AL Experimental

=@ . ggv:Lattice + LCSR ‘ ‘ pev:Lattice + LGSR | | stat @ syst

=@ | mev+plv: Lattice + LCSR @ mev+plv: Lattice + LCSR

20 25 30 35 40 45 50 55 60 20 25 30 35 40 45 50 55 6.0[ Lower:
[V X 10 [V % 107 Theoretical
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Future
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Status of |V ,| Measurements Worldwide

hep-ex/0304019 Weak hint of an

| CLEO exclusive —e— | This Analysis Exclusive vs. Inclusive

CLEO pev difference?

BaBar p¢v World Average requires:
BaBar inclusive

 freatment of correlations between
b

Belle advanced v

Belle D*)¢v tag

LEP average * treatment of correlations between
: b and models
BaBar endpoint
CLEO endpoint ———— * consistent use of
e calculations
World Average: (nontrivial)
3 A » consistent procedures for
combining

V, (10°3)
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The Future

hep-lat/0304004
High-Precision Lattice QCD Confronts Ex
.1 E. Follana,! A, Gl'.!‘l}.'_' i g 0. Mason.2

ernits1,? H. D). Trottier, M. “:1115_,..1t|.
D and UKQCD Collabor:

nard.® T. Burch.® C. DeTa Ve . .
U. M. Heller.® J. E. Hetrick '™ J. Osborn.” R. Sugar.!! and D. Toussai
(MILC Collaboration)

e, AL S, Kronfeld, ' P, B. Macke

(HPQCD and Formilab Lattice ations) | o Approved
o o Ph ]  Detector upgrade done
* On the roll...

[ a new

hrough for phenomen

'S numbers: 11.15.Ha,

Batavia, 2003.06.27 Andreas Warburton McGill / Cornell (CLEO) 52




Concluding Remarks

|V .| is interesting:
» fundamental
* intimate with CP violation
« currently holding up the show (Theor.: ;  Expt.: difficult, lengthy)

CLEO measures |V .| exclusively with total uncertainty
+18% / —14% by simultaneously reconstructing 7 signal decay chains

Analysis uses improved techniques to
increase kinematic acceptance,
improve background characterization, &
improve neutrino resolution

Demonstration that measuring partial rates can both
» confront form-factor calculations
« markedly reduce effects of theoretical uncertainties

|V .| measurements are currently limited by theory and systematics

With unquenched lattice QCD calculations coming soon, exclusive techniques
are a promising route to |V .| to !
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