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The Experiment

CESR = Cornell Electron Positron Storage Ring
Symmetric e'e” collider (e~ and e* have equal

energy and opposite momentum)

Detector YT(4S) Cont. BB

el o
CLEO II 3.1 16 3.3
CLEO IL.V 6.0 98 64
Subtotal 9.1 44 97
CLEO III 6.9 23 74
Total 16.0 67 17vl

c(e*e” — hadrons) (nb)
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Luminosity ~ 1033 cm-2 sec! (1 B-pair per second)
Y@s), first bb resonance above B-pair threshold
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The CLEO III Detector




Measuring CKM 1n B Decays

Vud Vus Vub _ 41?)

Vcd Vcs Vcb _’V/V/’ c. u

Vi Vis Vi B p ““i\
‘Vcb,Vub

Two approaches: inclusive + exclusive

Experimental issues: Lepton rates & spectra,
exclusive branching fractions, full B meson
reconstruction

Theoretical Issues: Prediction of lepton spectra,
guark-hadron duality, form factors, heavy quark
expansion of inclusive semileptonic width
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Semileptonic Decay Width (B - X./'V)
[ Go+ 7 G1(A) + 32 oA 1o)

1 Heavy Quark
T O( M‘E’;) ] Expansion

r;,Lexp= (043_'__'_001) X 10_10 MeV World average in

hep-ph/0205163
Nonperturbative QCD parameters
e A\ (b-quark pole mass shift) b - S Y
e A1 (b quark kinetic energy) Mpag in B XV
* Ao (HQ spin symmetry breaking) B*-B mass splitting
All inclusive semileptonic quantities can be
expanded in A, Ay, Ao
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Moment Analysis

(E,)=2.346£0.032£0.011 GelV’
(M- 37))=0.25140.0234 0.062 GeV*
(M, ~(M)))=0.576£0.048£0.163 GeV+

+ Data ]
b — S y | — Spectator Model |
PRL 87251807, %40¥ i
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Truncated Lepton Spectrum in B - X./'V

. Plepton > 1.5 GeV IszmaxdrsldE o
;g'; 17 dE / l A. Kapustin,
3  Muons o dl Z. Ligeti
5 n max (1 M. Wise,
P00 TEy Electrons J'E5 dEldEl 1 Stewart
o o] /
a "
E
3 [ max S
= Unfolded " . Ez dE “dE,
20000 Lepton Energy *® R, = g
Spectrum from flma" L AE,
B - X'V * dE
A
10000 ok . Ro = 0.6187+0.0014+0.0016
. R, =1.7810+0.0007+0.0009 GeV
) . CLEO CONF 02-10
BB a8 a
1,50 1.75 200 225 250

P(GeV)

Good agreement between muon/electron spectra!
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Moments from Lepton Spectrum in B - X /™V

L and I, ellipse extracted from 15t

moment of B — X, yphoton energy

CLEO spectrum and 15t moment of hadronic

Preliminar
y mass? distribution(B — XC/+V). We use

the HQET equations in MS scheme at
order 1/Mg3and a.? f,.

MS EXxpressions: A. Falk, M. Luke,
M. Savage, Z. Ligeti, A. Manohar, M.
Wise, C. Bauer
The red and black curves are derived
from the new CLEO results for B -

X./"V lepton energy moments.

MS Expressions: M.Gremm, A.

Kapustin, Z. Ligeti and M. Wise, 1.

N , , | , Stewart (moments) and 1. Bigi,
-0.2 0 0.2 0.4 0.6 0.8 L N.Uraltsev, A. Vainshtein(width)

A(MS) GeV Gray band represents total uncertainty
for the 2" moment of photon energy
spectrum.

- Ry Prelim
= R; Prelim
-05
— MMy

(MM P>
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V, from Lepton Energy Spectrum

A= 0.39+0.03+0.06+0.12 GeV
stat sys theory

A1=-0.2540.02+0.05+0.14 GeV?
stat sys theory

V,, with all moments
considered:

IVcb|:

(40.8+0.5 +0.4 +0.9)*10-3

sl /_\,)\1 theory

prefininayy

Nf\
>
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V., from zero recoil in B - D*I'V

0.04

003

Q.02

001

01 105 1.1 115 12 125 1.3 135 14 145 1.5

- hep-ex/0203032

Ve

=(469 +1.4+2.0+1.8)x10™

W=D%* boost in B rest frame

Eckhard von Toerne

(intercept)

(slope)
Uses formfactor
F(W)|w=1 0f 0.91£0.04

] LI W=I corresponds to D*

at rest in B rest frame
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V., from zero recoil in B » D*I'V

m‘c_|>47_5 R e e L L
= | ;
= [ Consistency at the E
L [ 1
n 0 ]
es| 270 Level E
i CLEO -
40 N

B v;f(
375 |- sl -
35 -
i ALEPH 1
325 E LPH I
30 | :
- | Ellipses correspondto+ 10 :
"> 1| - 37% Confidence limit E
25 :. T SRR R I co v by b by ey b by

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8
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dI'/dE,

bottom — up transitions (V)

| I I I I | -
- From Leibovich hep-ph/0011181

:Lepton Energy Spectrum

dI'(b—>c)/dE,

Highest sensitivity
to Vub

10 d'(b—u)/dE,

1;2K

E. (GeV)
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V., Lepton Yields

Phys. Rev. Lett.88:231803,2002
[B(B - X |V)|:|z [l 6 psEF (Hoang, Ligeti, Manohar; Uraltsev)

L, =(3.07+0.12) X107 x
Vo “H oom H B¢ O
0970102-001 |Momentum Interval (GeV/e) | V(107 _
5000 —T T N Deca ; ( - } 20< < 26 3.87 + 0.83 = 0.35 = 0.15 = 0.12
[ ata a) | 21 <py < 26 3.95 £ 0.46 £ 0,40 £+ 0.16 = 0.16
+/ l 2.9 < E: <98 4.::1;1 0.34 4 0.44 + 0.16 = 0.24
i Scaled OFF + BKGs | 23<m < 286 42T+ 024+ 047+ 017+ 0.34
EESI}D 24 < py < 28 405 + 0.28 + 0.45 + 0.16 = 0.45
E | Sealed OFF Data 1 1 ypcertainties:
) | — End-point yield
~ 0f Tttt 1 — £, measurement
23000} — | Vip| expression
"?1 _ 1 — Theoretical assumptions
%1500/ { O We quote result for 2.2-2.6
GeV region
0 |Vub|=

200 225 250 275 3.00 .
Momentum (GeV/¢) (4.08+0.34+0.44+0.16+0.24)*10°3

Eckhard von Toerne PRL 88:231803, (2002) 14



Vyp, from BR(B® — TT/'V)

Use missing four momentum in full B
reconstruction.

9.7 BB pairs (CLEO 11+11.V).

Data sample allows parsing into 3
bins of g (reduces dependence on
g? shape models)

BR(B® — TU/'V)= iy
(1.376+0.180 *!1¢ +0.008+0.102+0.021) 10

-0.135
stat syst formfactor(m,Q model

V., [=(3.25+0.21 7)€ +0.49+0.10+0.07)*10-3

-0.18

Standard quantities for Y (4)

kinematiCS'
= VE2_-P2=5.28GeV
AE = EB_Ebeam =0

<Events>/ 7.5 MeV

50 F
- 0=02<8 GeV?2

40
30 F
20 F

10 F
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CLEO III Rare Hadronic B Results

CLEO lil PRELIMINARY CLEO lll PRELIMINARY
IB_—.FI DDJFI_ -BI_—FIDOKI- Blul_": KI_.I?F T - O131001:023
80 without I Without | [ Without ]
" RICH Cut T RICH Cut i 20" RICH Cut .
| I 1 1% —
Na-.. E Nu -
040 S10 -
3 | : :
S | = .
0w 0 I T N o
H i | | | i | | | 7] N i : 7
L8O win [ with <oof  With -
9 | RICHCut | RICH Cut L § RICH Cut R
s 218 ;
w 40 - ~ L 10 i I
: 1 | 5, :
'D .h_-_l.lu.i.n..l..-l.uA_ ﬂ ......... = e : i
5.20 5.25 520 5.25 5.30 5.20 5.25 5.30
M (B) (GeV/c?) M (B) (GeV/c?)
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Rare B Branching Fraction Results

Mode Efficiency  Yield Significance B (107%) UL (10—%)

K*xF 6%  20.2%]) 5.40 18.6+45+3:0 CLEO III (prelim.)
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B - K!1'T and B - K**1r

(9.7 M B-palirs)

amplitudes

observed

CLEO 11+ 11.5 Data Sample

D - KTT{,D — TITlveto
ML fit with several Dalitz

Substructure B - K*t1

+10

BI'(B — KST[+T[_) - (50 -9

+7 Xx10°

- _ +6
Br(B - K** 1) = (16 4

+ 2 X10°°

hep-ex/0206024, subm. to PRL

Eckhard von Toerne

Events / 20 MeV

4
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c f ~ -
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Color-Suppressed B decays

1161001-005

b S p(*)0
- U
5° "
d

TCO

d d

Internal spectator diagram is color-suppressed

Until 2001, only color-suppressed decays into

charmonium states had been observed.

First Observations of B° . D®OTP@ were recently
published by CLEO, Phys.Rev.Lett.88 062001 (2002)

Belle, Phys.Rev.Lett.88 052002 (2002)
(preliminary BaBar results at ICHEP'02)
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Hadronic Decay B? — D0 1

“0.05<AE<0.05GeV

- CLEO -

5.26

M, . [GeV]

5.28 33

250

150

100

S'u = ..

5.275<M, <5.285GeV

Tz I
BY_ D1

—— Signal+BG.
Total BG.

~—=-=  Continuum BG.
¢ CLEO Data

Published in

|PRL 88, 062001 (2002)

clear signal
visible!

Br(B?

+0.36

D) = (2.74,5, +0.555) 10

Br(B?

+0.59

—)D*()Tlo) — (2.20_0.52

+0.79> 10°*

Eckhard von Toerne
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B - DTt Amplitude Triangles

BR(BC — DO1°) completes B — Dt system

| | Measurement of relative phase between isospin
amplitudes 1=1/2, 3/2 possible.

- _ A(DTT)
A(Dr) = A(DTTT) + V2 A(D'TY) %ﬁow)*@
Branching Fractions (107%) AD™ 1)
BR(B' - DOT¥) = 2.7+0.340.6+0.1
BR(B* - DT") = 49.7+1.242.942 .2
BR(B" - D™TT") = 26.8+1.242.4+1.2 }

New CLEO II+II.V Results
hep-ex/0206030, accepted by PRD

With the new CLEO B - D1t and
CLEO+Belle BR(B? - D) we obtain

N +0.024 +0.036 +0.038 A non-zero phase, cos & % 1, would
cos O = 0.863 _) 053 _0.035 -0.030 . : :
' : : indicate Final State Interactions

Eckhard von Toerne 21



B - /\C p n(T[), n:O,1,2,3

Enough phase space available for baryonic B decays

B - /Ac inclusive rate ~6%
No two-body decays known — multi-body decays dominate

Mode B (1074 b o
Color suppressed AZP <09 W a
decays not much Afpr— 24406777 £0.6 Color .
»2p <08 -
smaller than color- o suppressed C -
favored decays = ' e - -
Egﬁ?r"‘ 224061041405 d

IR ﬁ;li}j . .{ 1_1. . COlOl’- T
l%i 55?1%’5”“” Alprrntn 225425722 158 favored w
YWortn~ 44412405411 b e

[ +4
L
SHprnt 2.8£0.9+0540.7 -
ﬁ;’iﬁﬂ_ <1.9
Ate—a® 181429172 +47 . ilp
20570  42413404+1.0 d
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¢ p n(17), n=0,1,2,3

Mg plots
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Mass (MeV)

ale*e — hadrons) (nb)

-
mn =
T

10600

10400

10200

10000

9800

D600

Ii H
i A ‘+"1 (]

Y Resonance region

- ete - thS)

s V35h
!y -

44 9.4 W001002 1034 1037 1054

- Upsilon Spectroscopy

-

£ T T Ll R

fos8 1042

[CLEO left the Y(4S) in
Summer 2001 and collected

data on Y(1S), Y(2S), Y(3S)

Resonance

1S

28

3S

1{Int. Lumi. (pb™)

1500

700

1400 (47*10° Evts)

Mass (Geiic?)
1 B OE00-006
4%s
| 1 —
....... —==.. alp, ¥P, e M T
. — 1 3
2'p, 2°p,
1 3
— 31 3°S, 1'F, 19F
" 2“p1 23F‘J -
—_— 1 3
— 1'D, 1°D, —
i s i
2's, 25
| E— 3 ——
1'p, 1P,
— n 2S5+1 L =
| J
. —— Verified
| 135 ]
1 1
Mb Y hy, Xo
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- 10 times the previous
world data set +
nigher efficiency

Iscovery of new states
| possible (n,, h, and 13D,)

Test of lattice QCD
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Two-Photon transitions from the Y{(3S)

pielimigary M(Xp2 @2P)) = 10268.8+0.310.6 MeV
2 M(X;,{ (2P)) = 10255.6+0.2+0.6 MeV
10600 |— 434 {n a3 2M —
_______ ——--13 I::.1 i_____________E__________ 500
B — = 21D 23DJ i T
10400 - — 11F3 '13FJ_
| > 400-
)
10200 11D, ﬂ . z
> T ] B 300
= S -
gluum | >
qé 200 |-
o |
980 25+1 1 £
n~ L, 2 ool
9500 — Verified
ol | | | |
60 80 100 120 140
2400 Ey Low MeV
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Two-Photon transitions from the Y{(3S)

Limits on hadronic transitions
BR(Y(3s) - 1Y(1S)) < 0.17 * 103
BR(Y(3s) - 1Y(2S)) < 1.2 * 103 gy
BR(Y(3s) - nY({s)) <0.90 * 103

[ FALIOS | Chaa(2Pra) _ (ET{EPM o 23})3 1/B(2Py, — 125) — 1
Choa(2P1) E., (2P — 25) 1/B(2P;;, — v28) — 1

[ hadXeo@P)/T 1 2a(Xpo(2P)) = 2.4 £1.0 (PQCD: 3.75)
[haa(01) 7 T,4(b2) = 0.29 + 0.06

(as expected, J=1 state decay to two hard gluons is suppressed)

Exact Calibration of y Cascades
Study of backgrounds for multi-y cascades

Eckhard von Toerne 26
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= Warilied
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85000
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55000
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16000

8000
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900
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600

Inclusive Search for
Hindered M1 transition

700

800

Number of photons / 2 % bin

800

400

1 Search for Y(3S) - n, Yy

800

900

1000

Zoom

700

800
Ey (MeV)

900 1000
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Branching Ratio in units of 107

Search for the n, 1n Y(3S) - n, VY

No signal observed

BR Limits as a
function of M(n,)

Models from the
compilation by
Godfrey&Rosner
PRD64, 074011 (2001)
(scaled here by

the phase-space)

Hyperfine Splitting: My as) - Mipas) (MeV/c?)
3 30 50 70 90 110 130
L N e
- Zambetakis,Byers83 .- ]
o b Godfrey-Isgur8s B fsi aéé‘EEEZE?ﬁ? 3 —
Godfrey-Isgur85 A eeee T i
1 | T —
i 90% CL UL CLEO-III |
L Lahde,Nyfalt,Riska’'99 A .
0 | | | | ! | !
880 900 920 940 960 980 1000
Ey (MeV)
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Y(3S) - Y(1S) 4-photon cascades

Mass MeV

Define x? for Y(1D) cascade 9400
hypothesis. Calculate M(1D) & o
that minimizes the x? o

Exclusive Reconstruction 10600 4%, 2M,
3P 3P
Final State I'l" 4 ' 2'0, 20,
10400 515, 3, 1y 16,
4 Yy Cascades origin from : ez,
Y(3s) - T°1° Y(nS) 10200 - / \lﬂxﬂ%
4 Y Cascades via x's and Y(2S) 10000 _2512&\“ ’
4 Yy Cascades via X’s and Y{(1D) ! 1Py 15*':
Veto Y(3s)-mreY(ns) Cascades ***° [/ s
Y(1D) Mass unknown — 2 of the g4, -
Y-Energies are unknown. :
I'S :

1 ﬂﬂ- Il 0 ]

X2(1D)
Eckhard von Toerne 29



Y(3S) - Y(1S) + 4V
b -

Eckhard von Toerne 30



Number of events/2.5 MeV

Discovery of the Y{(1D)

10200

M(1D) := Y(1D) Mass MC Simulation for M(1D) = 10160 MeV
that gives best x?
) ) ) I ) ) ) I ) ) ) I ) ) ) I ) ) ) 250 i ) ) ) I ) ) ) I ) ) ) I ) ) ) I ) ) ) i
[ PNy 1 > of ]
75 41 2 I :
| Signal is 9.70 significant | ° i 7
[ BR(Y(3S)) = 4y [T = 1 3 ol ]
[ (3:3£0.6+0.5) 10~ 1 § [Satellite Peaks ]
B 7 > B 4
L (3.8 10°5) predicted by 1 2 \ ]
- Godfrey&Rosner, T o 100~ 7
[ PR D64, 097501 (2001) ] Qo - i
25} 1 E :
- - Z 50 - —
0 i 1 |_| L1 |_| L 11 | I T T N A | | 0 i T P T T N N TR N i
10100 10120 10140 10160 10180 10200 10100 10120 10140 10160 10180
m(1D) (MeV) m(1D) (MeV)
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Number of events/1.0 MeV

Discovery of the Y{(1D), Mass Fits

Fit with one 1D State Fit with two 1D States
M(1D) = 10163.4 £1.3 MeV masses at M(1D) = 10161
With Significance=6.80 and 10174 MeV.
6_""I""I"-"I""_ 6_""]""]"-"I""_
L i;;%;;;;;;ié:—;; | g} L _
S|
41 — % 41 —
| ] |
3 — o 3| -
S
2 — 8 2 —
] = ]
' Z N
11 — 11 i —
LA 0 L1 1R
10 10200
M(1D) = 10162.2 £ 1.6 MeV (average of 1 and 2 state fits)
Most likely Spin assignment: J=2 1




Recent Charm Results

Charm
DO L KO 711  CLNS 02/1792
QL - Q- efve CLNS02/1782
D* o K*0 [y,  CLNS 02/1776
(See also lan Shipsey’s Lecture)

Many CLEO contributions to yyand T
physics

Eckhard von Toerne
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Outlook: The CLEO-c¢ Program

Prologue: Upsilons ~1-1.5 fb-! each
Y(1S) , Y(2S5), Y(3S)... Spectroscopy, Matrix Element

[ ..., 10-15 times existing world’s data

NOON

Act I: Y(3770) -- 3 fb!
30M events, 6M tagged D decays
(310 times MARK 111)

Act Il:'s~4100 -- 3 fb'!
1.5M DD, 0.3M tagged D, decays

ST S!

(480 times MARK 111, 130 times BES 11 )

P OON WOODN

Act I11: @(3100) -- 1 bl
1 Billion /¢ decays
(170 times MARK 111, 20 times BES 11)

RO T oI e N



Why charm threshold?

Run: 108794 Event: 1~

A

Do—* kKte v
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DY K—xt

CLEO
ALEPH
PDG

CLEO-c
projected

Dt K =tg™

CLED
Mark II1
PDG

CLEQO-¢
projected

DY — ¢t

CLEO
PDG

CLEO-c
projected

Absolute D Branching Ratios

B (%)

3.82 1+ 0.07 £0.12
3.80£0.09 £0.12

3.6

3.83+ 0.09
—H— 3.83 +0.01 +=0.04
| | | |
3.7 3.8 3.0 4.0 4.1
B(DY - K—=%) (%) c
B (%)
[ [
| - 0.3+06L0.8
= H 01+1.34+04
I - | 0.14+0.7
o 9.10+0.04 +=0.14

74 78 82 86 9.0 94 9.8 10.2 10.6
B(D* — K-xtat) (%)

B (%)

3.99 £ 0.77 0.4
3.60 £ 0.90

3.60 = 0.05 = 0.0

2.6

3.0

34 38
B(Df — ¢t} (%)

4.6

0
v

Vet

P

P(3770) - DD dominant

Double Tag Method

allows (almost) BG-free
measurement of absolute

Branching Fractions
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Cancidates /001 (GeVc )

:

Candidatss /001 (GeV i)
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Leptonic Decays:

11" CLED:
Tag: KK, KKxsD,
FEIY  JITF

E pmtra * Eggy TUT

FEI v Taga
a1 v Lags
5 other togs

T 1

-0.2

A I -

ol [Vekyl”

D L
P 32 (e Aty

L 1 ' cLEOs
Tag: Kax, K ra® Ko

Epvrn * Epny St

D - pv

(] D.2Z
v ) (Gev 2 i)

i
f—“’s ~2.1%

Ds

Now: +35%

= 2.6%

Now: £100%

e TV mode to be studied soon 17




H QCD/Hadron Physics with CLEO-c

Searches for QCD Hybrids and Glueballs

Precision Tests of Lattice QCD Predictions
* bb Spectroscopy
* Charm Meson Formfactors

Search for New Physics
Charm Spectroscopy

R Measurements - Improved Input to
Electroweak fits

Rare Light Meson Decay Modes in two-body
J/y decays
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Summary

CLEO contributes significantly to Heavy
Flavor Physics

No time to mention important Charm/tau

results from CLEO

After more than 20 years of data taking,
CLEO finished operation at the Y(4s)

bb Resonance scan underway, preliminary
results presented here

CLEO-c will explore Charm region in 2003+
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B Meson Decays at CLEO

B mesons decay weakly, lifetime ~pico seconds, CT <lmm

CLEO investigates e*e” - Y{(4S) - BB and the
weak decays of B mesons

B mesons are produced almost at rest -
no time-dependent CP measurements
(time-integrated CP measurements possible)

Example of B decay processes

external spectator internal spectator radiative penguin
z:@ u b y
W/-’ Vd —> 0 )

- . BW \\< — —’_U_’_
B0 D BY
< < ™ <
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sT)

Events/(.1 Co

B — X,/'V with Neutrino Reconstruction

Neutrino four momentum inferred from missing momentum. Requires

good solid angle coverage!

Maximum likelihood fit over full three dimensional decay distribution

Contributions from B — X 'V (D,D* D**and NR) and B~ X /"V.
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