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Introduction to CLEO

Semileptonic B Physics:
e The CKM Matrix

o b — ulyv and Vb

e b— clv and V,

B Decays: Rare and Related

e Interesting b — ¢ modes

e Hadronic Penguins and b — u

e Electroweak Penguins: b — sy and friends

8 Physies

Charm Baryon Spectroscopy:

e State Zoology and New Discoveries
Charm Physics:

e DY Lifetime and related pursuits

Tau Physics:

o 7~ = 7w~ 7%7% Structure
Glueballs:

e 27 Production of f;(2220) ?

What I left Out
Conclusion

Preprints and ICHEP98 Conference Papers at:
http://www.lns.cornell.edu/

kAH Conference results preliminary unless noted /
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|Cornell Electron Storage Ringl

CESR: 768 meter storage ring.
CUSB + CLEO detectors: 1979-1990
CLEO only: 1990 —

Trains are ~ 300 ns apart
Bunches are 28 ns apart (within train)
(CLEOIIL: 5 bunches with 14ns spacing)

Best Peak luminosity: > 5.5 X 1032¢m 251 (world’s highest)
Best Day/Month (at CLEO): > %ﬂ/smo pb!
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|Energies We Run At...l

Have run on Y(1S), T(2S), T(3S), YT(5S) in the past...
Fate Smiles: Y(4S) is just above /23 threshold.

Now, standard running includes:

Off-resonance (‘Continuum’):

eete” - o 717, cc, etc.

e Decay of one 10.6 GeV off-shell photon at rest
e 60 MeV below Y(48) : 0paa ~ 3 nb

o vy = X

On resonance (‘On4S’):

e ete” — T(4s) - BB

¢ Decay of TWO 5.3 GeV B mesons at rest (almost)

eoon Y(4s)~1nb

e Comes with 3 nb Continuum hadronic (plus yy,¢*¢ ")
partly separable via event shape

About 2/3 of luminosity is On4S.
1.4 fh ! (On4S + Cont'm) ~ 10° BB pairs = 10° B* 10° BY

I'll ALWAYS quote TOTAL luminosity...
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lThe CLEOII Detectorl

Helium Reservoir

Muon Chambers

Superconducting Coil

Barrel Shower Detector
: Drift Chamber

PTL Detector =» SV X
Micro-Beta Quadrupole
Vertex Detector

End Cap Time of Flight

Pole Tip Shower Detector

= &

Meters

Time of Flight Scintillators

Magnet Yoke
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Event Shapes: ¢§ continuum vs. BB

Jetty Hadronization of Quark Jets
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|Detector Performancel

Tracking over 95% of 4n
B = 1.5 Tesla (curlers at ~ 225 MeV)
op/p~ 0.6% at 2 GeV

7800 CslI crystals cover 98% of 4n

Best ‘Good Barrel’ part is 70% of coverage
Typical 7° resolution: 6 MeV

This is a big part of CLEOII's power and success

dE /dzx and Time-of-Flight (TOF) for Particle ID (PID)
dE /dz from 49 chamber layers [plot]

~ 20 for 2.6 GeV K/n (2-body modes and CP violation)
TOF separation deteriorates > 1 GeV for n/K

TOF: Barrel and Endcap systems

Muon ID with steel and streamer counters
857 of solid angle

Turn-on around 1.4 GeV with 1% fakes (for a 5 \,,,; cut)

All together: makes a very hermetic detector

X Silicon Vertex Detector since 1995/6; results later! *

o
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|CLEO Upgrades and Data Setsl
CLEOII:

e CESR: One IR, pretzel orbits, crossing angle, multi-bunch.

e Csl Calorimeter

e 50-50 Ar-CqHg in drift chamber

e 1989-1995: 5 fb~!

e Many discoveries!

e All data now re-analyzed (improved tracking)

CLEOIL5:

e Silicon Vertex detector (first at Y (4S)!)

e New Beam Pipe/IR

e 60-40 He-CsHsg in drift chamber (< mult. scat, Lorentz angle)
e 1995-1999: Expect ~ 8 fb™!

e > 6 fb~! already on tape

CLEOIII:

e Ring-Imaging Cherenkov for PID
e New Drift Chamber

e New SV Detector, Beam Pipe/IR
¢ CESR Machine Upgrade

e Expect ~ 15 fb~1 / yr

Future: High-Lumi for Rare B decays in new ring??”

N J
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|Technique: Full Reconstruction of B Mesonsl

Symmetric beam energies — Ep = Epeam-

FEpeam 1s well-known.
|Pg| ~ 325 MeV

Key variables for a B candidate are:
(sums are over daughter particles)

AF = E Ei Ebﬁam

e Expresses energy conservation
e peaks at zero for real events

e sensitive to missing particles

e sensitive to # — K mis-ID

AdB = vlﬁ‘geam o I Z éli‘
e expresses momentum conservation
e Using Ejeqm improves mass resolution (10x — 2.5 MeV)

Used extensively for hadronic decays
Also used for some semileptonic modes:
¢ Possible if neutrino is inferred from global 4-momentum balance

-

~
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|0ther Kinematics Techniquesl

Other techniques using AFE, Mpg constraints:

Neutrino reconstruction (inferred from rest of event):

e E, p balance in full event for exclusive B reconstruction
e Excellent background suppression at some efficiency loss
e Used for B — m/plv and |Vy|; Dev

‘Semi-inclusive’ full reconstruction:
e Try varying numbers of 7’s to find good B candidate
e Used for b— sv; B—-n'X

Partial reconstruction:
e Reconstruct D* — D740 in B-decay from slow pion only
e Used for B — D*x, new BB mixing analysis (as the tag)

Missing-mass (apparent m?) for semileptonic.

e Take advantage of B decay nearly at rest

e Many varied twists on basic idea used

e Used for D*fv and |V|

e Can combine with partial D* recon. (new D**{v)

Neutrino reconstruction: (one side of cont’'m event)
® E, Pinruse balance in hemisphere for cont’m charm physics
e Used for D, — uv and fp,

-
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/ |CKM Matrix Elements from CLEOI \

Basic pattern of CKM mixing magnitudes:

|Vud| |Vus| ' Vubl 1 A x\d
|Vcd| |VCS| |V¢b| ~ A1 N
Vial  [Vis|l |Vl A A

A =sinf¢c ~ 0.22

CLEO does best at:

|Vus| B — wflyv (with theory to normalize)

|Ves| from D*fv and HQET

(Can get |V,s| from B — v, but very small rate!)

CLEO also looks at:

BB Mixing ~ Bg fzm? |Vial*

b — sv: info. on |V,

\Via/Vis| from B — K*vy vs. py
(easier from B, vs. By mixing?)

We'll return to phases on V,,; and Vi, later
Let’s delve into magnitudes now!
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