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CLEO II/II.V Detector and Datasets  

� �

Helium Reservoir

Muon Chambers

Magnet Yoke

Superconducting Coil
Barrel Shower Detector
Drift Chamber

Micro-Beta Quadrupole
Vertex Detector
End Cap Time of Flight
Pole Tip Shower Detector
Time of Flight Scintillators

SVX Detector

0 1 2 3 4

Meters

raf

CLEOII distinguished by:

� Excellent CsI Calorimeter

� Very good solid angle coverage

for tracks and neutrals

CLEOII.V distinguished by (in addition):

� First Silicon Vertex Detector at �(4S)

� First major use of Helium-based drift gas

 this con�guration is shown at left

Both very well-understood detectors

with high-quality Monte Carlo

Hadronic and leptonic moments of B ! Xc`�, and B ! D�`� use CLEOII:

(3.2 + 1.6) fb�1 (on + o� res.) containing 3.4 M B �B pairs

b! s; b! u`� endpoint and B ! �`�; �`� use CLEOII+II.V:

(9.2 + 4.5) fb�1 (on + o� res.) containing 9.7 M B �B pairs
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The Unitarity Triangle

�Current �� � Plane

PPP

0.8 0.6 0.4 0.2 0 0.80.60.40.2III I

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

ms
md

0

II b

b

3070902-014

xclusionionusclux

The goal is NOT: Measure �; �

The goal IS: Measure �; � in many ways;

check for (in)consistency!

� sin 2� well-measured (BaBar/Belle)

! theoretically clean!

� jVub=Vcbj side: needs more precision

CLEO: pioneering techniques

� Vtd side (B-mixing):

needs work to interpret precisely

�! Lattice + CLEO-c

CLEO is helping with BOTH of the sides

.
\I named them rho and eta, and I don't care what their values are, so why should you?"

{ Lincoln Wolfenstein, at Kaon'99 in Chicago

11 Mar 2003

La Thuile

CLEO Vub and Vcb Results and Plans for CLEO-c (page 4) Roy A. Briere

CMU



C
K
M
M
at
ri
x
an
d
S
em
ile
pt
on
ic
B
D
ec
ay
S
ta
tu
s

Im
p
ro
ve
d
T
h
e
o
ry
to
in
te
rp
re
t:

�
In
cl
u
si
ve
s:
S
p
ec
tr
al
m
om
en
ts
(b
it
fa
n
ci
er
fo
r
V
u
b
)

�
E
xc
u
ls
iv
es
:
L
at
ti
ce
Q
C
D
(p
lu
s
lig
h
t-
co
n
e
su
m
ru
le
s)

N
o
n
-p
e
rt
.
p
h
ys
ic
s
in
a
fe
w
m
a
tr
ix
e
le
m
e
n
ts
:

�
� �
:
en
er
gy
of
`b
ro
w
n
m
u
ck
'
(l
ig
h
t
d
eg
re
es
of
fr
ee
d
om
)

�
�
1
:
F
er
m
i
m
ot
io
n
en
er
gy

�
�
2
:
ch
ro
m
o-
m
ag
n
et
ic
in
te
ra
ct
io
n

(k
n
ow
n
fr
om
M
B
�

�
M
B
)

e
xt
ra
ct
fr
o
m
d
a
ta
o
n
`s
p
e
ct
ra
l
m
o
m
e
n
ts
'

E

in
b
!

s

E
`
;M
2 X

in
B
!

X
`�

(r
e
li
e
s
o
n
Q
u
ar
k
-H
a
d
ro
n
d
u
a
li
ty
!)

b
!

s

a
ls
o
h
e
lp
s
w
it
h
`i
n
cl
u
si
ve
'
jV
u
b
j

�
E
xt
ra
ct
jV
u
b
j
fr
om
th
e
ra
te
at
th
e
L
ep
to
n
E
n
d
p
oi
n
t

L
ar
g
e
C
o
n
ti
n
u
u
m
D
a
ta
fr
a
ct
io
n
is
va
lu
a
b
le
!

�
b
!

s
an
d
le
p
to
n
en
d
p
oi
n
t:
b
ot
h
at
ki
n
.
lim
it
of
B
d
ec
ay

�
C
on
ti
n
u
u
m
n
o
t
at
ki
n
lim
it
!

la
rg
e
b
ac
kg
ro
u
n
d
s

S
u
p
pr
es
s
co
n
ti
n
u
u
m
:
h
ar
d
w
or
k
an
d
ex
p
er
ie
n
ce

S
u
b
tr
ac
t
co
n
ti
n
u
u
m
:
d
at
a!

1
1
M
ar
2
0
0
3

L
a
T
h
u
il
e

C
L
E
O
V
u
b

a
n
d
V
c
b

R
e
su
lt
s
a
n
d
P
la
n
s
fo
r
C
L
E
O
-c
(p
a
g
e
5
)

R
o
y
A
.
B
ri
e
re

C
M

U



B ! D�`� PRL 89, 081803 (2002); PRD 67, 032001 (2003)

Fit

Fit

300

200

100

0
160

120

80

40

0

C
an

di
da

te
s 

/ 0
.0

5
Data

Data

Fit

0.05

0
0.01

0.02

0.03

0.04

1.0 1.51.41.31.21.1
w

3070901-028

D*0

D*0

D*+
   

V
cb

II
II

 (
w

)

D*+

I
I

I
I

( a )

( b )

( c )

q2max  � q2 .

HQET: Can predict rate at q2
max

(w = 1)

Use both D�+`� and D�0`�

Intercept at q2
max

and slope:

(curvature related to slope by theory)

F (1)jVcbj = (4:31� 0:13� 0:18)� 10�2

�2 = 1:61� 0:09� 0:21

f+� = 0:521� 0:012 (B+B� vs. B0 �B0)

Systematics:

� E�ciency (esp. slow pion tracking)

� Charm branching fractions

� Backgrounds

� Form Factors (mostly for �2)

jVcbj = (4:69� 0:14��0:20 � 0:18)� 10�2

(uncertainties: stat, syst, theory) 7% total
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B ! D�`� Exclusive jVcbj Summary

NOTE: we used F (1) = 0:919+0:030

�0:035

(Fermilab Lattice; PRD 66, 014503 (2002), + QED corr.)

jVcbjF(1) vs. �
2 (form-factor slope)

25

27.5

30

32.5

35

37.5

40

42.5

45

47.5

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
ρ2

F
(1

)|V
cb

|/1
0-3

ALEPH

DELPHI (Prel.)

OPAL

CLEO

Belle

average

Ellipses indicate ��2 = 1 (stat. + syst.)

�2 and F(1)jVcbj correlated

D�X`� component:

� CLEO �ts in same analysis

� LEP uses model (based on external BR's)

� CLEO excludes more with better MM resol.

Slow Pion E�ciency:

� LEP:at e�ciency

� CLEO: e�. turn-on for slow �+

� Only CLEO includes D�0 (has at e�.)

Consistent at 5% level
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HQET Parameters and Moments PRL 87, 251807 (2001); 251808 (2001)

E from b! s

(Continuum suppr. and subt. crucial)

1850801-007

40

0

Data

Spectator Model

W
ei

g
h

ts
 / 

10
0 

M
eV

1.5 2.5 3.5 4.5
E   (GeV)

M2
X from B ! X`�

(uses � recon.; MX > MD� crucial)
1850801-0052000

1500

1000

500

0
4 2 0 42 6 8 10

M2 (GeV2)X

E
ve

nt
s 

/ 0
.5

 G
eV

2

Fit

I I

D
D*
X

H

First and Second moments (means and widths):

< E > = 2:346� 0:032� 0:011 GeV

< E2
 > � < E >

2 = 0:0226� 0:0066� 0:0020 GeV2

< M2
X �

�M2
D > = 0:251� 0:023� 0:062 GeV2=c4

< (M2
X � �M2
D)

2 > = 0:639� 0:056� 0:178 GeV4=c8

These have a calculable dependence on ��; �1...
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Hadronic and b! s Moments Combined

Combined First Moments

0.1

0

0.1

0.60.40.2 0.8
0.5

0.4

0.3

0.2

1.00

Experimental
Total

I
I

I
I

I

I

< E   >

1

I

< M
X     M

D  >

2

I2

1850701-004

Ellipse indicates ��2 = 1

Moments depend on ��; �1

Each measurement yields a band.

(�2 already known)

(only �rst moments used:

most precise constraints;

second moments consistent)

Hadronic moment: for p` > 1:5 GeV/c

�� = 0:35� 0:07� 0:10 GeV

�1 = �0:236 � 0:071� 0:078 GeV2
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Lepton Moments (accepted by PRD)

Inclusive Leptons from B ! X`�

Lepton Momentum

e, � overlay

1.50 1.75 2.00 2.25 2.50
0

0.001

0.002

0.003

0.004

0.005

p(GeV/c)

1630802-003

(d
   

/d
p)

( 
  p

)

New combined exp. ellipse

1   Total
Experimental

Ellipse

0th Moment of
Lepton Energy

1st Hadronic 
Mass Moment

1st Moment
 of Lepton
 Energy

0

0.05

0.45

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0 0.80.70.60.50.40.30.20.1
 (GeV)

I

1
 (

G
e

V
2
)

I
I

I
I

I
I

I
I

I
I

1st Moment of
Photon Energy

(b     s  )

0.50

1630802-010

R0 =
R

1:7
(d�sl=dEl)dElR

1:5
(d�sl=dEl)dEl

R1 =
R

1:5

El(d�sl=dEl)dElR
1:5

(d�sl=dEl)dEl

R0 = (0:6187� 0:0014� 0:0016)

R1 = (1:7810� 0:0007� 0:0009) GeV

�� = (0:39� 0:03� 0:06� 0:12) GeV

�1 = (�0:25� 0:02� 0:05� 0:14) GeV2

Precise, consistent result (world �sl)

jVcbj = (4:08 � 0:05� 0:04� 0:09) � 10�2
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Vub from B ! X`� Lepton Endpoint PRL88, 231803 (2002)

Inclusive Leptons

L
ep

to
n

s 
/ (

50
 M

eV
/c

)

5000

2500

1500

3000

0

0

3.002.752.502.252.00
Momentum (GeV/c)

( a )

( b )

0970102-001

Can relate to b! s spectrum:

� b! s and b! u`� near endpoint smeared

by common non-pert. structure function

Analysis:

� 2:2 < p` < 2:6 GeV/c

� Neural net continuum suppression

� Continuum-subtract remainder

Systematics:

� Fraction of spectrum above 2.2 GeV/c

� Monte-Carlo of b! c`� bkg.

vary D� FF's, D��, non-res't

Relate partial branching fraction to full mom. spectrum:

From b! s, fraction (2:2; 2:6) GeV/c: fu = 0:130� 0:024� 0:015

jVubj = (4:08� 0:34� 0:44� 0:16� 0:24)� 10�3

Errors: exp't (partial BR), exp't (frac. seen), theory (�sl ! Vub), theory (using b! s)
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B ! �`�; �`� First look at Final Results!

Combined �`� Modes

in 3 q2 bins

3600203-00750

40

30

20

10

45

35

25

15

5

0 5.20 5.25 0.5 0.50I

E
vents / 100 M

eV

<
E

ve
nt

s>
 / 

7.
5 

M
eV

EMm

50

40

30

20

10

45

35

25

15

5
50

40

30

20

10

45

35

25

15

5

50

40

30

20

10

45

35

25

15

5

50

40

30

20

10

45

35

25

15

5

50

40

30

20

10

45

35

25

15

5

0

0 < q2 < 8 GeV2
I

 q2 > 16 GeV2

I

To be be submitted to PRD shortly.

� Neutrino reconstruction: �Pmiss

� 110 MeV

� Updated to full CLEOII dataset

� Modes already established (by CLEO, 1996)

�! Study in 3 q2 bins

Signi�cant reduction in model errors

� Lattice QCD for q2 � 16 GeV2

� Light-cone sum rules for rest

B(B0 ! ��`+�) = (1:33� 0:18� 0:11� 0:01� 0:07)� 10�4

B(B0 ! ��`+�) = (2:17� 0:34� 0:50� 0:41� 0:01)� 10�4

From combined �`�; �`�: jVubj = (3:17� 0:17 +0:16

�0:17
+0:53

�0:39 � 0:03)� 10�3

(Uncertainties: stat; syst-exp; LQCD/LCSR theory; �`� FF)
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B ! �`�; �`� First look at Final Results!

Previously relied on model variations...

� Lattice starting to weigh in with form-factors

� Dependence of e�. on form-factors greatly reduced due to q2 binning!

Rate vs. q2 predictions

B ! �`� B ! �`�
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3600103-004

�`�: Partial BR's

Independent of model!

Extracted jVubj (�`�)

Upper bars: exp. stat. + syst.

Lower bars: thy. syst. range
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Transition to CLEO-c: Upsilon Physics

Resonance Data Sets (in pb�1)

Resonance Peak Scan Below Total

�(1S) 1200 110 190 1500

�(2S) 1375 80 465 1900

�(3S) 1450 100 160 1700

�(5S) 460

�B scan 710

10� best previous datasets (CLEO)

� Spectroscopy checks Lattice QCD

� Interesting transition matrix elements

� Compare gluon-rich � decays to J 

We've also done:

� R scan (7.0. 7.4, 8.4 GeV)

� Preliminary  (2S) and  (3770) runs

10100 10125 10150 10175 10200

m(1D) (MeV)

0

1
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5

6

N
um

be
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of
 e
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nt

s/
1.
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M

eV

First Observation of Upsilon(1D) States CLEO CONF 02-06; hep-ex/0207060

Study of Two-Photon Transitions in CLEO III Upsilon(3S) Data

CLEO CONF 02-07; hep-ex/0207062

Search for �b(1S) in Inclusive Radiative Decays of the Upsilon(3S)

CLEO CONF 02-05; hep-ex/0207057
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CLEO-c: The Power of Charm at Threshold

Full-reconstruction of one side (tagging) is the key

� Very low background

� 130� 480� BES, MARKIII samples!!!

Anticipated Tagged Samples

Meson Single Tags Double Tags

D0 �D0 4:80� 106 180� 103

D+D� 1:90� 106 70� 103

D+
s D

�
s 0:27� 106 6� 103

Clean Tagging (Log scale!)

(1/3 of anticipated data)
1.861.84
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The Unitarity Triangle (revisited)

Improving �� � with Theory

3070902-015
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Current experimental knowledge

Current experiment with better theory

(from validated LQCD)

CLEO-c will allow validation of Lattice calculations.
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