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Building blocks of matter

Anaximenes (� 500 BC):

Air

Water Fire Earth

Mendeleev (� 1869): The Periodic Table

Our current picture: The Standard Model
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Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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Success of the Standard Model

� High Energy (Tevatron, LHC)

� High Luminosity (CESR, PEP-II, KEK-B)
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Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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Test the SM and Search for New Physics
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Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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Cornell Electron Storage Ring

CESR: e+e� at
p

s ' 10 GeV.

� On �(4s) resonance:

Æ e+e� ! �(4s)! B �B, e+e� ! Continuum

Æ B( �B) momentum ' 350 MeV/c (at rest!)

� Continuum: e+e� ! e+e�; �+��; �+��; u�u; d �d; s�s; c�c
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Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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CLEO Collaboration

�� 22 institutions and � 150 physicists

CORNELL

2231298-006CAL TECH
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UC-SANTA BARBARA
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Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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CLEO Detector

  

� �

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

CLEO II

� Oct.'89 { Apr.'95

� N(BB )= 3:3� 106

� 6-layer straw tube

CLEO II.V

� Nov.'95 { Feb.'99

� N(BB )= 6:4� 106

� 3-layer Si vertex detector

CLEO III

� 2000 { 2001

� New SVX, DR and RICH

Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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Experimental challenges in HEP/CLEO

� How to identify � 30 signal events from:

Æ 40,000,000 continuum events

Æ 10,000,000 generic B events

Æ Other signal-like events (Physics Backgrounds)

3600398-004

Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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Selected CLEO Results: Rare B Decays
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I
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3460997-007

B+, B0

� Unitarity triangle (angles � and 
, CKM elements Vub, ......)

� Sensitive to physics beyond the Standard Model

Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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B ! ��, K� and KK Results
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Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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Observation of B ! �K(�)

B

b

W

t

g

s

s

s
K(*)

d,u

I I

I

d,u

I I

 
6

4

2

0

5

0
5.20 5.25 5.30 0.2 0.20I

mB (GeV) E (GeV)

( a )

( c )

1631200-007

( b )

( d )

8

4

0

8

4

0

12

N
um

be
r o

f E
ve

nt
s 

/ B
in

� Clean signature for gluonic penguin

� Sensitive to Vts

Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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b ! s
 Results

On - Off Subtracted data

BB MC

Spectator Model

On - Off - BB Subtracted Data

Eγ  (GeV)
2 3 4 5

2 3 4 5
0

200
W

eig
ht

s p
er

 0.
1 G

eV

0

50

� B(b! s
) = (3.21 � 0.43 +0:32

�0:29) � 10�4

� SM prediction: B(b ! s
) = (3.28 � 0.33) � 10�4

Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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CP Asymmetries in other B Decays

� Search for CP violation in self tagging decays

� Measure the asymmetry: ACP �

B( �B! �f)�B(B!f)

B( �B! �f)+B(B!f)

� Prediction: ACP � � 0.1% (Ali, Kramer, Lu, PRD 59,

014005 (1999))

K
+ I

K
+ 0

K +0

K
+

+ 0

I1.0 1.00.50.00.5I

2861099-012

ACP

Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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Experimental Technique

� Decay chain: D�+ ! D0�+s

� Use SLOW �+s to tag D0 
avor at production

� Re�t slow pion: Q � M(D0
cand�
+

S ) � M(D0
cand) � M�

����������������������������������������
����������������������������������������
����������������������������������������

����������������������������������������
����������������������������������������
����������������������������������������

Slow Pion

D decay vertex
o

Silicon Detector

Beam Spot

Other charmed
hadron

Primary Vertex

Reconstructed track
without refit

Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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Q resolution after re�t

        D*+ → D0π+, D0 → K-π+

0

2000

CLEO II.V
DATA

Eve
nts/

100
 keV

13,527 ± 116 a)Events

σQ = 190 ± 2 keV

1

10

10 2

10 3

0 2.5 5 7.5 10

b)

Q (MeV)

Eve
nts/

100
 keV

� Same technique we measured �(D?+) = 96� 4� 22 MeV

Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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CP Violation in D0 ! K+K�, �+��

Q Fits for KK CP Rates

D*+ χ
r
2=0.85

D*- χ
r
2=1.10

Q (MeV/c2)

0

500

-60

0

60

0

500

0 5 10 15 0 5 10 15 20

-60

0

60

Q Fits for ππ CP Rates

D*+ χ
r
2=1.21

D*- χ
r
2=1.16

Q (MeV/c2)

0

100

200

300

-60

0

60

0

100

200

0 5 10 15 0 5 10 15 20

-60

0

60

� 1512� 47 D0 ! K+K� events 579� 26 D0 ! �+�� events

� 1511� 47 D0 ! K+K� events 557� 26 D0 ! �+�� events

Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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CP Violation in D0 ! K+K�, �+��

Summary of ACP(KK)

0-10-20-30 10 20 30

ACP(KK) %

E691 (1991)

E687 (1994)

CLEO II (1995)

E791 (1998)

FOCUS (2000)

CLEO II.V (2001) prelim

CLEO II.V ACP (K
+K�) = (0:1� 2:2� 0:8)%

Summary of ACP(ππ)

0-5-10-15 5

ACP(ππ) %

E791 (1998)

FOCUS (2000)

CLEO II.V (2001) prelim

CLEO II.V ACP (�
+��) = (2:0� 3:2� 0:8)%

Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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The past/present/future of CESR/CLEO

2230398-001

A  Brief  History  of  CLEO
CLEO  Integrated  Luminosities

CLEO  III

CLEO  II.5

CLEO  II

CLEO  I.5

CLEO  I

CLEO  Related

CESR  Related

1980 1985 1990 1995 2000 2005 2010
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Particle ID
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1 IR

Crossing Angle
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SC IR Quads
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Talk at QuarkNet on June 12, 2002 Yongsheng Gao , Southern Methodist Univ.
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