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Introduction

m Context: Late 1970’s, J/y had been discovered in Nov.
1974, we knew about open charm & t, but not about
existence of b, t, Wor Z'!

m |dea: explore e*e- collisions in 8 -16 GeV center-of-mass
range, hope for something new

m Competition: PEP/Petra at higher energy (up to 32 GeV) at

SLAC & DESY, later ARGUS at DESY
m CESR proposal May 1975 for single
ring collider with £=1032 cm-1s-"

m Surprise — After detector design started
discovery of b quark 1977 (Lederman) at
FNAL via Y(1S) & Y(2S) (hint of Y(3S)).
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BB production like the y(3770) for D’s?
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b Physics Goals

m \Would b’s decay as “predicted” or could we
see new phenomena?

m Could we learn something seminal about
QCD studying Upsilon transitions & decays?

m \Was there anything to learn from charm
decays, since e*e- — cc is 1 nb, 40% of
total?

m |s there anything unexpected?
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What it Takes to Build a Detector

Physics Alignment
Ideas & Calibration
)
Detector W rigger, ¥ Software:
Ideas g DAQ& @l Reconstruct i
Online

= | will not talk much about Trigger, DAQ, Online, Software,
etc... even though they are critically important; apologies to
Selen, Galik, Honscheid, Kreinick, Kutschke, Katayama,
Hetsley, Skwarnicki, & many others (& other apologies...)
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Detector Philosophy

m e*e'—hadrons: lots of charged tracks & y's, =10
charged tracks & 10 y's on average per event

Maximize acceptance

Have best possible p & E resolution
dentify leptons: e* & u*

dentify charged hadrons

_earned later: Detect vertices from short lived
particles, e.g. D’s

m Main detector design issues: cost, detector
material, our understanding as detector was
designed without knowing about e*e-—BB
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CLEO | Detector

PID: TOF + dE/dx, originally High pressure C 2/8 & atmos C 2/8 (for e- only)

m Tracking components: DR, 1Z, OZ
m 7 detection: Octant Shower — choice over Pb-scintillator
|
m U id from muon chambers
m e id from shower & dE/dx
m Some parts never used
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The Super-Conducting Coll

m \We started for about 18 months with a 0.5T
conventional coill

m Thin (0.7 r. |.) super-conducting coil at 1.0 T was
critically important
= TPC detector for PEP was building such a large coil

= Dave Andrews studied their design made several crucial
improvements. This was a typical CLEO adventure, in
that he had almost no help (~ factor of 10 less
manpower), & managed to get the thing to work.
Unfortunately, TPC was delayed to some nasty failures.
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The Drift Chaber

m Measure time for
ionization to drift
to sense wire

A A

ambiguity

m z coordinate
found using
stereo wires,
with 20x worse
resolution

—stero +
S
axial

———  stero -

m Hartill, Larson...
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|Z: Inner Chamber for Z Measurement

PLASTIC
m Built at BINGS
Syracuse e e j7€?3:ms |
(Horwitz) PWe 43— D s k
along
. PWC ¥2— § : 17.08 cw
with :
never oW e 1543cm
used OZ , RO 13.20cm
(Others) G RD.SIDE OF CATHODE srmp/ T MiHzce
9237em
s .‘i SLICE TAKEN FROM CYLINDER
ST S Eventually used for dE/dx
OVERALL VIEW OF CYLINDERS & 1St measurement of B%px
& = . . N » | S t 9
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Charged Particle Tracking

m 1/ Layers, hits
are spread
apart “non-
local” ambiguity
resolution

= Stereo for z
= No dE/dx | ( '
m |Z: 3 layers with

cathode strips -
for z meas.
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Performance

m DR resolution 250 um
m Ap/p~12% at 5.2 GeV

m Problems

= Efficiency was good but not

great.

= Left/Right ambiguities often

solved incorrectly

m Eventually ~1985 “Solo”

tracking (Berkelman)

replaced by “Duet” (Ogg

& Cassel)
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Electromagnetic Calorimeter

= Need to measure position and energy of y’s,
most of which result from n° decays

m |dea Is to use the &
“electromagnetic 7
et s 2V
shower” generated by ~‘iv--<—/w
high Z materials O S
m Energy is proportional e
to the number of charged particles and
these can be sampled
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EM Calorimeter

Scintillator (emission at

Lead wavelengths

m Choices bsorver

= Pb-scintillator sandwich
read out with waver shifter

= Pb-proportional tube :
sandwich. This system had crossed
X & y tubes that ran over the entire
octant. Causes problems, when more
than 1 track or vy is present

= Energy resolution is ~17%/E

A )

" “Wavelength shifter
(fluorescent emission
at Az> A1)

5

4# :

= This was our choice, called RS,

for “Rutgers Shower,” F. Sannes...
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dE/dx: Expected Energy Dep03|t
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dE/dx Construction

m Consists of 124 17 //.—w:,;:gw _'
thick modules A cscocicx- {' ‘,1

= Wires at same  @m| _Jabon e —pi
position in 10 LT -
modules ganged f“
together

m Pressurized to 3
atm

DULE
‘[ﬁT WIRES] OCTANT END

IT SKIN
iy’

— 375

0.625 ALUM.

DE/DX OCTANT
(NOT TO SCALE)
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dE/dx: Results
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m A useful device, but
compromised by
material in coll
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dE/dx & RS: Also e Identification

OVERLAPPING TRACKS IN DX CLEAN TRACKS IN DX
= Good for - - - <
e- | :F TTTTT SHOWER :au-ulr:n :F_J !_::um SHOWER CMT_E; | r;
detection LL | I LJ“” ) | | JM
m RS match w=w=—————a—- = =
Energy / al-:mmm \/ dE/d) u pair
with p g —_— / =
m dE/dx ask ete 1> ete | efe b W
for large ‘ I‘. e = T
lonization i - =

Ghost track problem
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Muon System

m Efficiency vs p

m Designed for high p
tracks, before Y (4S)
was found (by us).
Acceptance not well
matched to B decays

m Maximum efficiency
was 54% for p>1.7
GeV/c

m Rochester group: Olsen,
Thorndike, Melissinos,
Poling,....
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CLEO | Budget

CBX 77-5
A. Silverman

s Maybe double for
labor costs ESL, e ——————

= No contingency - rabte 1
= Inflation is 265% o
|| SO maybe ;{.zmcoi'l o | ;oo i

. Sew icoil 300 300

— 1 9 5 M$ In Refrigerator 200 150 50
. Cryostat 50 50
Magnet iron 320K 320K

2008 dollars

wire chambers in 100K 75K 25K
u-detector g

m Absurdly cheap

Central defectﬁi"

Drift chambers 200K 150K 50

= I Otal for' ( ESR + © Time of flight 400K 300 100
Other trigger counters - 50K 50 )

CLEO ~20 M$ ® w

SE drift chambers 175 . 125 50

End caps 150 100 50

Symposium Celebrating CLEO & CESR, May 31, 20 Tagal © 1.99M$ .675M
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First Results (Narrow Upsilons)

Plot added in proof 11Dec '79
| | |
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VoLUME 45, NUMBER 4 PHYSICAL REVIEW LETTERS 28 JuLy 1980

Observation of a Fourth Upsilon State in e te~ Annihilations

m Discovery of Y(4S) m In 1985, Y(5S), eftc..

LI I
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FIG. 1. Hadronic cross sections corrected for ac- CE~TER (x: MASS ENERGY (GGV)

ceptance, as a function of center-of-mass energy, W
There is an additional overall systematic error of .
+15%, arising mainly from the uncertainty in the de- M t - d ff .
tector acceptance. (a) Total hadronic cross section. yS e ry - m a SS I e re n Ce S 0
The curve is a radiatively corrected Gaussian fit to
the resonance above a smooth continuum varying as
w~2%. The dashed curve indicates the beam energy

resolution. (b) Partial cross section for events with  EE——
R,<0.3. (See text.)

Y(5S)-Y(4S) > Y(4S)-Y(3S)
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Further Expectations (~1983)

= B meson lifetime will be short

= B° mixing will be small

m CP violation will be small

m B's will decay in very high multiplicities
making full reconstruction difficult

m But in 1983, the B meson lifetime was

measured as relatively long ~1 ps by PEP &
PETRA experiments

m We did have tracking & particle id to exploit
measurements beyond cross-sections
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b-quarks Decay As Expected st

_*\7 0
: : Evidence for New Flavor
= FIrSt_ Obser\_/atlon of Production at the Y(4S) - 1980
semileptonic decays 1 —
_ B—DX, € spectrum
m Exotic decays not D — Yev J
" |5 —
dominant — We are Z(B—Xe V)=
still looking for non- ¢ | (134343)%
SM decays. New U \
Physics, must 51 e
—Xev
produce these & |
their pattern will tell 0 20 30

us a great deal o (Gev/c)

about the NP.

DeWire, Gittleman, Thorndike....
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Fully Reconstructed B Mesons (1983)

T 1
2 ¢ oy, s

Be -0~

i Bo—=Domtr -

B 8°— 0¥+ 7™

M B —D*X* 7=~ |

12 A
N
N

ﬁ =

5200 5240 5280
MASS (MeV)

Br's too large (partially due to ~x2 wrong D¢ rate)
Two-body modes had real events
3-body were wrong

Many new techniques developed — learned better tracking
software was in order
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Discovery of the F=Dy (Also in 1983)

IIIIIIIIIIIII

m Mass of 1970 MeV —
Previously thought to
be at 2020 MeV (See .
arXiv:hep-ph/0010295
for details)

m Soon confirmed by
ARGUS and HRS

m Beginnings of much
charm & 1 physics

S S TR T S TR N R S SR S |
18 20 22 24 26 2.8
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= Detector
compact: not
SO many

Muon chambers

H
1 Institut fiir Hochenergiephysii, versitit Heidelber
2 Shower counters
3 Time of flight counters B, Btickmann, L. Jinsson a e S
4 Drift chamber Institute of Physics, University of Lu y ’l %

5 Vertex chamber A. Babaew, M. Danilow, Yu. Galaktioeou, Yu wov, Yu
6 Silicon counter V. Lubfmaw, 1. Tichomirow, V. Shevchenca, €. Shun
7 lron yoke ri

8 Solenoid colls

9 Compensation coils -
10 Mini beta quadrupole . Chiters, C.. ar 30



ARGUS Calorimeter

New shower counter
with BBQ readout at DESY test beam

AE/E= 7.5% at 1GeV in test beam
marvelous

Can be used
before coill

Symposium Ce



Better £, Competition From ARGUS

m B physics
= ARGUS has better lepton identification

= CLEO made first observation of B—yX, &
B—wyK®), (ARGUS just about simultaneously)

"""""" In 1984: dE/dx in Drift g ®
61pb!' |  Chamber, new 10 layer e M -
Vertex Detector (wires), 3 H—————I 1 —
a total of 119 pb! g 3 ere”
N I 1f, M
e i N N0

5.21 5,23 525 527 529
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CLEO IV

m ARGUS promised real competition

m First upgrade CLEO 1.V: In 1984 OSU group
ouilds new VD 10 layers around same beam pipe,
ater in 1986 they add a VD insert (Kagan, Kass ...)

m Coupled to New Drift Chamber (1986)
= 51 layers of tracking — big improvement
= Full dE/dx capability

= However end plates 3 cm of Al

= Cornell+: M. Pisharody, D. Cassel, R. DeSalvo, J.
Dobbins, R. Galik, M. Gilchriese, S. Gray, D. Hartill, J.
Mueller, D. Peterson, D. Riley and K. Kinoshita

m Rest of CLEO Il planned, but not finished until

1989. (Existence of ARGUS crucial approval.)
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ARGUS: Be-B° Mixing Discovery

m In 1987 long before we can get CLEO Il
finished ARGUS finds | _ N(B°B°)+N(B°B)

=0.21£0.08

N(B°B°)

m Consistent with

r
our upper limit
<0.2 '
r<0.24 (Alice Bean)
Decay Mazs{GeV fc?) FlGeV /e ME, Ll GeVEiet)
BY — DY) | 4.308 L 0.088 1090 -t D.108* -0.609
I R | 2008 +0.001 | 106 0013 |
D’ - K} | 1873 & 0,021 1.081 £0.002
' BY — D i) 3060 + 0,032 1,244 + 005" 0276
Dm D 2.008 + 1,005 1611 +0.017
a2y | 0180+ 0.028 0.136 + 0.019
D™ — Kf=;wy | 1886+ 0.015 1.475 + 0.007
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What we learned not to do

m Magnet coll is a thick barrier:
put particle ID & EM cal
Inside

m Muon system is too thick at
front, p acceptance full only
>1.4 GeV/c; also too far away
allows m, K decays

m EM calorimeter has too many
cracks, not enough
segmentation & poor Energy
resolution ~17%/E

m DR | Too few tracking
layers: tracking problems, pid...
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CLEO Il Requirements

m Improve B physics capabilities

m Detect photons with ~same abillity as
charged tracks; identify e cleanly

= Improve momentum resolution on charged
tracks Bgoesfrom1.0Tto1.5T

m Improve dE/dx and tracking flaws by filling
up Drift chamber gas with detection layers

m Lower muon id threshold & fake rate [P
m (Project Director: Bernie Gittelman) B

I t
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CLEO Il

m All particle id: TOF
& dE/dx inside caoll r
m Csl(T/) inside coll T Ao s

Helium Reservoir

m Lower p threshold "= = el Shower Detotr

i Drift Chamber
on muons to ~ 1 5 E - riioo
“f"—__u_il____ﬂ_—————— \l\;hcro-]%)eta Quadrupole
ertex Detector
G eV/ C = { l &EL[%J End Cap Time of Flight
= = ' Pole Tip Shower Detector

Time of Flight Scintillators

=Sz

] ﬂl Magnet Yoke
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Tracking

m 3 tracking stations, DR,
VD & PTL (6 layer straw

tube device)

m beam pipe rad
240 - r———r o
ete—utu- _
200 | -
Mean=5.256 1
160 o
£ 2o i
&0 .
a0l f i .j
. ﬁ«f e
460 485 5.10 5.35 560

Momentum (GeV/c)
21 Observed momentum of muons {rom the reaction e*e™ — pp ot 5.200 CeV

ius 3.5 cm

oo=1mr |

00=4 mr
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Crystal Calorimetry

m Instead of sampling use “total” absorption. Need a high Z
material that also produces a signal. Crystals scintillate,
and energy is proportional to the amount of light generated

= Need >16 radiation lengths to
“fully” absorb all shower energy

= In Csl(T/) ~5000 y's/MeV
= Can detect light with photodiodes
in B field, but gain=1
m Previous Crystal Calorimeters

= Crystal Ball (Nal), small, used
photomultiplier tubes

= L3 (BGO), Light output =1/8 Csl
very expensive, purchase helped
by Chinese government, & also small in comparison

= CUSB mostly Nal + small amounts BGO
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Csl Calorimeter The New Part

m Idea: reconstruct vy, n°s & n’s, with "as good
efficiency & resolution as charged tracks™

= Actually, not quite as
good, but really useful

(compare to 17%/NE) o |
m 6(0,0)=3mrat5 GeV, 11 |

4_

Csl (og/E)

mr at 100 MeV || Tracking (,/pt) I
m Great Adventure, nothing D
this size had been I 2 3 4 5
attempted before p, or E (GeV)
m Crystal co.: 2 in Ohio (Bicran=_8-He , BDH

England, Horiba Japan
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Crystal Contracts

5. Do not fola
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The Parts

8l - = & Data boards

4 photodiodes
for 1 crystal

Preamps



The Crystal Holder

m Designed by
McDaniel

m Others in Crystal
Project: E.
Blucher, B.
Gittelman,

B. Heltsley, J.
Kandaswamy,
B. Kowalewski,
Y. Kubota, N.
Mistry, S. Stone,
H. Worden
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Completed Holder




Light Output Testing Apparatus
' ham !

m Had to
test
8000
crystals
for Light =2 *

output& "~ &

Size
Glue on
photo-
diodes...

Ed Blucher, |
Bob
Kowalewski,

Helen
Worden...
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Assembly
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Csl Performance

28 T T T 11171 T T T T TTTT] 0|2508|91-|,02|1
m Csl angular resolution AR D Datm oo gy
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o S 16} ngular Resolution -
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CLEO Il Performance Benchmarks

60

a0 |-

Number of Photons /2 MeV

Y(3S)—>vx(2p)
L SYY(1S)

J=2

1a=1

0.10
E~y (low) GeV

dE #du {Kev/em)

=100

o
[=]
o

———p—

dE /dx vs. Momenium

Momentum (Gevric}

lanization v& Temck Momentum for

ENIUN

K*/m* separation (units of o)

1.0k

1630991-024
1 .2 T T T T I T T T T '[ T T T T

0.8
4 .
ol + I\guon efficiency
[ vs momentum ]
L+ g o Depth > 3
omae
n_;.* ............. -
1.0 2.0 3.0 4.0
p (GeV/c)

~Total K/m

<« - ]
separation ?

momentum (GeV/c)

m Excellent
overall
detector
performance

I Not very good at

high momentum
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Example of ©° Resolution

m D*-D mass
differences=AM

Do—K-t+ ol

m 6=0.9 MeV for - |
n°® modes 2

m 0=0.7 MeV D*e—mebe, =
D** s+ Do (nO Sj DO— Kt m° E
vetex dectector) T
L)

m Calorimeter is
very good on
n°’s
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CleoXD

Rare B Decays

s BoK*y

= Rozen &
Horwitz,
Thorndike &
Kim {

= Later b —sYy

= +Skwarnicki,
Ernst

e

b > t,c,u s,d>
VM
aka’ “Penguins”
Symposium Celebrating CLEO & CESI




More Penguins

m B—n’'X, where X is a light hadron
= p, between 2 & 2.7 GeV/c

25.0 I 1 I 1 I I I I 1 ] 1 1 1 1 ] 1

= Huge rate found n—nmnm, ONY(4S)]

(Browder) e ;
Z(B—-n'X 3 ]
= Z(B—n'X) A - Muwn ;

=(6.2i2.5)X10'4 R e e e e

m Compare with e.qg. |
B(B°—Krt) =1.8x10° ™} ;

ol ool amer s vl el

0. 900 0.925 0.975 1.000

3120298-003
LI —

/2 MeV

Event

Continuum]
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Another Upgrade: CLEO I1.V

m Replace wire chamber with Silicon strip VD to get

precision vertex information
= Best upper limits for a long time on D° mixing

= Lifetime measurements of charm particles

= Alexander, Artuso, Nelson, Morrison, Jaffe, Soffer, Asner, Cinabro,
Henderson ...+...+

2.0 cm Radius

T

Symposium Ce

Double Sided Silicon Detector
(DSSD)

3.25 cm Radius

DSSD

/_/

Sk

4.69 cm Radius

DSSD

Beryllium « i /\\ Fiber Composite
Beampipe 4 Supports
2.35 cm Radius y\

4.81 cm Radius
DSSD
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B Factory Era

m CESR-B proposal versus B factories

= Ended in SLAC & KEK building high £ two-ring
machines

= [t was thought CESR could compete on time-
independent measurements, that the £ after an upgrade

would be =the same
m Inner Detector Task Force Slogan: “Its the
material, stupid.” (Alexander, Bebek, Kagan, Kubota,
Miller, Peterson, Stone, Witherell...)

m CLEO III

m Space for interaction region dipoles close to collision
point = new DR

= New technology possible for particle id: RICH

s New Si vertex detector
Symposium Celebrating CLEO & CESR, May 31, 2008 95



Some Problems with CLEO I

Helium Reservoir

m Poor K/
separation for p > ]

L
v

Muon Chambers

0.9 GeV/c (some | |
Superconducting Coil
- t~_\ =T Barrel Shower Detector
W I t h d E/ d X) \ == Drift Chamber
L — PTL Detector
Micro-Beta Quadrupole

= DR endcaps too ' i T
thick & DR not = bole Tip Shower Detestr,
quite long I
enough= |
|lcosB|<0.71 for y's

/l

Magnet Yoke
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DR Gas Change

m He — Propane mixture
(60:40)
= Improves hit
efficiencies
= Improves dE/dx
performance

m Test Chamber results
(Kagan, Kass, Gan..)

Efficiency

WEST

0.75 —

o
o
T | T T

0.25—

GOOoD AI TI)(
| |

4!*$ Sook

* o

bo

o
’
?

O Argon—ethane
B He—ethane
A He—propane

-'--ggfagg--. g

o * ]
} ]

W
1

m [ests in B field

— -5 0 10
Extrapolated Distance (mm)
resolution at resolution

(Pete rson & (zas drift distance aveljaged over
Mixture 2 mm to 4 mm full cell

TU ng Lee) (pam) (pom)
Ar-ethane(50:50) 138 203
He-propane(60:40) 102 135
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Detector Impact

m Csl was copied by B factory detectors
= BaBar resolution slightly worse
= Belle resolution slightly better

= Acceptances both worse due to asymmetric
beams

m DR used as model by other detectors
= Construction techniques adopted
s dE/dx became standard

m Other Si vertex detectors built on CLEO 11.V
experience
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CLEO IIl

CLEO Il

2230402-005

Barrel
Calorimeter

m Chris Bebek g \ Solenoid Coil
project leader S

Drift

Chamber
Silicon /
beampipe
SC Quadrupole : 1L > U b, g e Y
Pylon | Y, R : > @l P
. Endcap
SC Calorimeter
Quadrupoles

Quadrupole ‘\ iR

Rare Earth Son
- Huge_ _ Polepiece
contributions '
from our Magnet Barrel Muon

Iron Chambers

mechanical [
engineer Jeff |
Cherwinka |
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Dipoles inside Detector

= Needed to
increase Eléctybmagnetic
‘4 . ” Calorimefter
m DR et ‘
construction T ]
more
complicated Csl |
. Electromagnetic
= P resolution Drift Chamber Calonmeter
goes as track Outer Endplate EnER—D)
length?, so
must make up _
for RICH Drift Chamber Endplate el —
. Small Radius Section
= New Si Drift Chamber
Vertex det Inner Skin

(OSU,
Cornell, \
Purdue) |

NE
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Peterson, Ecklund, Patterson, Briere, Cronin-
D R I I I Hennessy Lyon, Meyer Urner, Thorndike, Sadoff...

m Conical section 1.5
cm thick

s "Wedding cake”
section to allow
dipoles
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Si 111 Design

|| g ||
1075

S~ _ //

AN ya

1T cm
r-Z B -
view —— — = 330 mrad
10 cm
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RICH Fundamentals

s Use CH,4-TEA gas to detect
single photons. Sensitive in
VUV 135-165 nm

m Use LIiF radiators

= Use N, volume 15.7 cm thick TN 15.7 cm
to allow Cherenkov cone to (ﬁﬁ
expand 0 W

s Use MWPC with pad readout g _ ;5 ° o
to measure y positions O

= Original idea T. Ypsilantis & - b .
J. Séguinot , collaboration = \ﬂw
with Artuso & Mountain... Y /!

| Minimize material; goal Incident Hadron
<12%r.l. (achieved 13% r.l.)  \easure B & p, SO get mass
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RICH Mechanical

Radiators Overview

170 mm

0 C—

G10 Box Rib

A. Efimov & S. Stone NIM




Completed Radiator Assembly




Photon Detectors

m Syracuse: Ayad, Kopp, Mountain, Skwarnicki, Vienhhauser ....

| Gas system
Minnesota:
A. Smith &
S. Anderson




Electronics

= New chip developed low noise a blg deal
= Big : |
fight
with
Bebek =
& Si

m Artuso,
Schuh,
Wang..
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Outer Electronlcs N0|se Shield
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Most Import Results

But in
2000
KEK-B &
PEP Il
win £
contest
m Each
with
3XCESR
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a
1“ T T T T T T T T T T T T T T T T T
| CLEO Integrated Luminosities
| CLEO Physics
o CLEO Upgrades AEP Limita  T(1D)
10°H =R RICH
| CESR Upgrades DD Mixing et
[ DL::r::Eﬂ} Tracking
e 2EEOCLEO N
i Wlia s , Silicon
1.1'] 3 B Kx ol e 9x5 Bunches -
g B~7K CLEQO SC IR Quads
> Smenla SC RF
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i b—»ufy -0cm BP Crossing Angle
105 B=Jiy X CLE 9X3 Bunches
; (BB Mixing)
New
Tracking
». CLEO
_“]5_ b—w»civ
- B Decay
CT(4S), T(5S) :
- Microbeta
CLE l 7 Bunches
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SYRACUSE UNIVERSITY
DEPARTMENT OF PHYSICS
201 PHYSICS BUILDING
SYRACUSE, NEW YORK USA 13244-1130

nhon -

| il =k

A New Proposal — GlEehgmas

S

June 14, 2000
Prof. Maury Tigner
Director, Laboratory of Nuclear Studies

Newman Laboratory
Ithaca, NY

Dear Maury,

We are writing to you to express our concern with the status of CESR/CLEO and to
explore with you the possibilities that running at a different center-of-mass energy could present.
Currently, the asymmetric b-factories at SLAC and KEK are doing quite well. BABAR has accumulated
almost as much mtegrated luminosity that had taken with CLEO II. BELLE is not far behind. We view
this situation as potentially disastrous. Our competing with these machines on Y(4S) physics with
CLEO III was predicated on our starting at least one year before them and then accumulating at least
as much luminosity per yvear. Unfortunately, we are running at ~1/3 the mtegrated luminosity and we
started late.

Syracuse and other University groups have spent a great of tume effort and money, more
accurately in our case: blood, sweat and tears, in creating the components of CLEO III. We spent five
years building the RICH and now that 1t 1s working we want to do some physics with it and the rest of
the detector. Having the third best measurement will not make it. We also fear that we cannot present a
proposal to the NSF that is based on CLEO running on the Y(4S), in that it will review poorly. The
physics justification just doesn’t exist for a 3 rate measurement,

Still we want to do good, fundable physics with CLEO III. So we now suggest other places
to run CESR that will allow us to do unique and interesting physics.
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CLEO-c Task Force

m CLEOQ leaders Marina Artuso & lan Shipsey
= Made Physics Case
= Supervised simulations to show physics reach
= Interacted with CESR-c group

m Accelerator Design: Dave Rice
= Wigglers (N. Mistry)
= Optics
= Beam Stability

m Proposal Writing: Persis Drell

Symposium Celebrating CLEO & CESR, May 31, 2008
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One More Detector Upgrade

m Replace Si Il with low mass wire drift
chamber (Ecklund, Galik, Peterson & Pivarski)

m Due to premature radiation damage

—
—

S 90 |
N o o v Layer 4
30 F ) )
o : O TleXx v 9 Yovy § % 9 090
S, 70 vV vV y
cs I AN e Z
S L E v Layer
2 ';
J o0 [ |
“— 0 =
(@) 0 r ] | -
30 E O
5 - HEg
c 20 — Ry Enm
R A
= o - | | ' | | | ]
LLI 0 20 40) 50 20 100 120
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CLEO-c & \Jlenoid Coil g,

\ Calorimeter
Ring Imaging Cherenkov

Detector

Drift
Chamber
Inner Drift Chamber |
SC Quadrupole Beampipe
Pylon
Endcap

SC
Quadrupoles

Calorimeter

Rare Earth

Quadrupole Iron

Polepiece

Magnet Barrel Muon
Iron Chambers
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RICH Performance in CLEO-c

m Efficiency for Pions = (97.31£0.3)%
m Efficiency for Kaons = (90.6+0.7)% - difference
due to decays in flight

m Rate for t faking K
= (1.2£0.4%,)%

m Rate for K faking &
= (2.6+0.5%,)%

m Over entire time
period Oct. 2003 —
July 2007

May be best

performance ever
of a RICH/! 74
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RICH Use Example

m Double Cabibbo Suppressed decay

S | <O

Events

0 1 1 1 1 1 L
1843 184 185 186 187 188 1,83 183 184 185 186 167 188 189
M, (GeV) My, (GeV)

183 184 185 186 187 1.88 189
My (GeV)

m We find nice signals without reflections, due
to RICH &(D*—K*n°)=(2.28+0.36+0.15+0.08)x104
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: : Fully reconstruct the D &
PhyS|CS N CLEO'C then can measure D final

states with a missing v

+
D*—>utv +
1 D" —utv
1 I 1 I 1 I 1
| I T 171 ||| T T | |
60F 1 -
10° 54 -
m Background 1 « - ]
o\ - . _ - 50
> cocktai Kort]l o & nLv
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© 40 _ o . D. sidebands ]
. 10 E - ) S
S " E 1 o ¢
2 i 1 = 30p
2 i 1 2
L - @ - i
J S 20
1E® — > .
| 1«
o : o0 4 A DT
1 I “‘\_'I:I TIHRV _-l- = .l-: :L= ..I‘J‘.’--.L--I-I--J----L-T-J--l- | ey Sl O | L_
0.10 0.10  0.20 -0.1 0 0.1 0.2

MM2(GeV 2) MM 2(GeV?)



Detector Themes

m Developing technologies widely adopted
applied to upgraded detectors CLEO 1.5, I,
1.V, HI

= Example: PID in outer dE/dx — in DR —
RICH

m Example: Ever shrinking inner beampipe
radius; IZ started at 9.4 cm

m [hese lessons were adopted by others
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U.S Experimental Publications

Experimental HEP Publications 1990-2006

B BNL
MSLAC
CESR
200 M FNAL Collider
180+ M FNAL Fixed Target Information compiled by

Fermilab

1990 1992 1994 1996 1998 2000 2002 2004 2006

Publications per M$
(2006) g EnaL
5 “os2” Most support for CLEO/CESR
program provided by NSF, with
Important contributions from the
“ss DOE

, 2008 78
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Conclusions

m Pioneering efforts in detector technology
= Particle ID: dE/dx, RICH

= Large scale crystal calorimetery coupled with
excellent charged particle detection

= Tracking & Vertex Detection at e*e- colliders

m All of the above led to CLEO Physics: pioneering
efforts in heavy quark decay, many discoveries
leading to future studies of CP violation and a path
toward finding or classifying new physics (unless
CLEO-c has found it already in leptonic decays)

m Pursuit of Science, pursuing new detector

technologies, & physms analysis techniques has
been very rewarding
All in all, its been FUN!
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Luminosity Progress: Early Years

400 —
CESR Integrated Luminosity: Jan 1, 1981-------- Dec 1, 1996 1
On October 11, 1996, CESR Luminosity for calendar year 1996 passed 2.0 fb™ -

350 | ____Previous CESR and world record luminosity for a full calendar year was 1.47fb .

300 - - CLEO+CUSBe Bunch Train -

Crossing n\L
Angle

250 |- B T e IR S 1-
E s & e :
: ;
o e i T
= 200f /- ‘N e N R
g o« 5 .
Q y .
Degiror Injpmion Fpint
150 - * Fesiem Ippgtien@pint - AN W
7 Bunch
B i T N e Operation
100 B e
50 lon”_______Micro-Beta J{N !

l
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Argus Luminosity

]
=
i

[ Ldt = 514/pb

Lumi/Month (1/pb)

86 87 91 92

Year
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