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CLEO Introduction

Since 1979
CESR: symmetric e*e: 1.3 x 1033/cm?s-1

Gs = 10.58 GeV (BB threshold) at U(4S)
B meson created ~ at rest

10M BB pairs 1990-2000 (CLEO II/11.5)
O fb1 on resonance, 4.4 fb! off resonance

/M BB pairs 2000-2001 (CLEO III)
Some results already presented.
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CLEO I

Solenoid coil
Barrel calorimeter
RICH
Drift chamber
Silicon/beampipe

Endeap calorimeter

Iron polepiece

Vuon chal

SC quad
pylon

SC quads

Rare earth quad
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CKM matrix

Standard Model

CP violation with b quarks
== Babar, Belle

To improve knowledge:
Improve measurement errors, but errors from
theory dominate many measurements

Here: V., Vi,

PDG. error(|V|) = 5% (2000 status)
error(|V,,|) = 30%
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How to measure V., V

“Simple”. Semileptonic decays
b® cln, b® uln

Not so simple: need theory

HQET (e.g. Phys.Rev. D47 (1993) 2965)
Calculate observables in 1/M,

¢ Exclusive: Need form factors

w = kinematic variable related to g?

F2(w = 1) = F?(q° = g%,,,,) from HQET

¢ Inclusive: “
L,l , HQET parameters (b quark in B meson) '

Assume quark-hadron duality
from HQET
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V., Exclusive: B® D*In

Analysis: 3.3M BB events (CLEO II)
Reconstruct D* ® Dp (charged+neutral)

Use mass constraints, vertex, divide into 10 wbins1 <w< 1.5

Background/
signal shape:
Model with

off-resonance

data + MC
- Fit to data
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1.1<w<1.15

e W Data D*"rn
O D*v

E D*®v

B Combinatoric

O Continuum

O Uncorrelated

O Correlated

B Fake Leptons

4 -10 -8 -6 -4 -2
COS g 5.+
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B® D*In

Signal yields vs. w:
Extrapolate tow =1
|Vcb|F(W:1) =
0.0431 x (1£3%%4.2%)
V.| =0.047 x (1 £ 3%
+4.2% + )
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Most precise single |V,
excl. measurement (6.5%)
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V,, EXclusive: B® r,pln

B ® plndata, 8<q?< 16 GeV?

Analysis in progress both on

CLEO Il and CLEO lIl data ofp i
Reconstruct n (CLEO technique)
Background:

¢ Off-resonance data

¢ Monte Carlo

Form factors: compare models
I\/Izbeam = Ebeam2 — (Sp)2 ) M82

DE = SE - E ..,

Previous CLEO V , measurement:
~20%

Phys.Rev.Lett. 77, 5000(1996)
Phys.Rev. D 61, 052001(2000)

March 2002 Hubert Schwarthoff, Cornell University Rencontres de Moriond

5.1555.20 525 .30




Measure full photon T To
I Continuum ISR
energy SpeCtrum I~ Continuum p°

(now E, > 2GeV) -

Need to model

background very well

(continuum p°, ...)

=) Off-resonance data

=) neural net

=) “Pseudo-
reconstruction”
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Inclusive: b ® s g

March 2002

HQET: <Eg> = > Mgf(L/Mg)
f(L/Mg) independent of decay (to first order)
L =0.35+0.08+ 0.1 GeV |

Second moment (width) measured but not used

Phys.Rev.Lett. 87, 251807 (2001)
+ Background Subtracted Data

. Spectator model
my, = 4690 MeV/c 2

pr = 410 MeV/c
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V., Inclusive: B® X.In

Measure full hadron
spectrum

P >1.5GeV

n reconstruction (missing
ERS))

sz ) |leZ-I_IVIInZ'ZEBEIn
Subtract background:

¢ Continuum from off-
resonance data

¢ b® uln: MonteCarlo

<M /- My*> = 0.25 + 0.023
+ 0.062

1500~ — D*ev
- XHﬁv

5 GeV?

o
~
0
+—
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>
L

M,%(GeV?)
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V., Inclusive: B® X.In

HQET: <M2- Mp?> =

Combine with L from

b® sg(+uset,):
L =0.35+0.07 + 0.1 GeV
| ,=-0.236 + 0.071 + 0.078 GeV

V.| = 0.0404 x (1 £ 2.3%
+ 1.3% + )
3.2% total error

Better than from D*In
but requires QHD
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Vp Inclusive:B® X In

Analysis: 9.7M BB events (CLEO I, 11.V)

Main background: B ® X_In
Use lepton spectrum endpoint beyond X In limit

Neural net for continuum background

suppression Lepton spectrum

Previous analysis too P EmE——

model dependent ;

=) USe larger fraction
of lepton spectrum

=) Need good MC for
B® X.n

(use measured
form factors, HQET)

dr (b—c)/dE,
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ExtractV,, fromB ® X In

Lepton spectrum: need f, for b.f.

f, = fraction of spectrum in measured p interval
Get shape fromb ® s g only depends on b quark
dynamics in B -

Flt data for fU . : Scaled off-resonance

+ On-resonance
— Full background

Vp VS. p Iinterval

Choose: 2.2GeV < p, < 2.6GeV:
|V,,| = 0.00408 x (1 + 8.3% + 10.8% | '~ BO Xn

i ) - _ — Fitfromb® sg
Best V,,, (~15%) |

(requires QHD) - R

Momentum (GeV/c)
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Summary of recent CLEO results

Exclusive:
¢ |V, |: B® D*In: 0.047 x (1 £ 6.5%)
¢ |V,|: B® r,pln:Work in progress
Inclusive:

¢ |V, |:B® X.In:0.04 x (1 +3.2%)
using gspectrum fromb ® s g

¢ [V,|l: B® X, In:0.004 x (1 +15%)
using gspectrum fromb ® s g

+ CP violation: resulting sin(2b) competitive
Stay tuned for more CLEO Il results

CLEO-c in preparation

n 87
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sin2b & Vub/Vcb

Vub/Vcb|= 0.101 +0.017

sin2bgy,, = 0.74+0.09+ 0.08

(Assumes 45°< g< 1109

This agrees well with sn2b from
BABAR and Belle:

(SIN2D),ing = 0-79 £ 0.10
-significant consistency check of the
KM mechanism of CPV.

hecks of thistype, with increasing
recision, will be the hallmark of heavy
avor physicsin this decade.

Autumn 2001 lan Shinsev
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CDF “*79+u.41
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084 ), 0.
Belle | 045043 104
(Osaka,6.2/h) i A -0
BaBar 5 0.121 0.37H
(Osaka,9/fh) -
032 + 0.0
(1 1.2)«1315%3 |+ 038 43 -0
RaBar 0.34% 0. 20

(23M BY) -+
Belle 0.99+ 0.14+
(31.3M BB) e
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Sin2¢l (Average compute
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sin2b & Vub/Vcb

_ DB=1 B W d
From CLEO dataVVub/VVcbis — o
d

determined to 17% B — YK{ B’ uit B

What aretheimplications? ~ DB =2"—"|DB =1 Phase of Vitd = b

BABAR & Belleimmediate

objective: (SIN2D),ing

Mixing :box diagrams new physics

may enter: (S' n2b+ Q)mixing

The goal compare (Sn2b), iy 1O

sin2bq,, i.€ b from Vub/Vcb

b depends strongly on [V ub/V cb| but

weakly on g for45°< g<110Q°
Vub/Vcb| 0.101 +0.017
sin2b.,, 0.95<@ 90% CL

Take 45°< g<110Q°
sin2byy = 0.74+0.09+ 0.08 (1%t error Vub, 2" error grange)

I
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V_, comparison

39.0+1.9+1.8

——a&— | 46.2+2.4+2.1

40.7+0.5x2.4
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V., comparison
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D mixing

D%-D° Mixing Limits

1 o°«k’p (CLEOILY)
Current CLEO | S
analysis:
B® K*en
Measure
“right sign decay”
B*® p*, DY,

D°® K*e*nand
“wrong sign decay”
B*® p*, DY,

D°® K**en 95% Allowed
Rmix = .0087 (prelim.)
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