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Introduction

CESR and CESR-c
CLEO and CLEO-c

CESR/CESR-c at Cornell

@ The Cornell Electron
Storage Rings have
been in operation at
Cornell University for
over 25 years

@ Initated the era of
B-physics

@ Subsequently
rejuvenated the
study of T
resonances

o Most recently [UTHER

became CESR-c, (OLIEGE
with a focus the o
charm region
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Introduction

CESR and CESR-c
CLEO and CLEO-c

CLEOQOII

2230104001

Solenoid Coil Barrel

@ 7800-element Csl

Ring Imaging Cherenkov

calorimeter
Chamber

siconverer oo @ COVErs 93% of 4z
Beampipe
o Excellent energy

resolution
L ensear (AE/E ~ 4% at 100
Quadslgpo\es Calorimeter MeV)
S @ 47-layer drift chamber
Magnet Barrel Muon @ Covers 93% of 4w

Iron Chambers

@ Excellent tracking
resolution(Ap/p ~
0.6% at 1 GeV)

@ PID from RICH, dE/dx

Todd K. Pedlar Recent QCD Results from CLEO-c




Introduction

CESR and CESR-c
CLEO and CLEO-c

@ Most subdetectors
identical to CLEOIII CLEOc
@ Silicon Vertex detector
replaced with low mass
vertex tracker St

Solenoid Coil Barrel

Calorimeter
Ring Imaging Cherenkov

\ Detector

Drift
Chamber

Inner Drift Chamber /
Beampipe

@ Magnetic field R
15T —>10T s¢ E"dcap
Calorimeter
Quadrupoles -
Rare Earth 9 ]‘ijI:R
e, (OLFCE
Magnet Barrel Muon =

Iron Chambers
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T (nS) Hadronic Transitions
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

CLEO T(nS) Data Sets

x Yasy 1.5fb1, 22M

c2
3 Yis, 126 10M
§ 3 ~ Yasy | 1.2fb1, 6M
= e £y =~ Y(as)
E T e iy e asaiaect . -
o o
9.46 10.02 10.35 10.58
Ecm(GeV)
@ CLEO Ill ran on the T Resonances for a year between

2001 and 2002, collecting samples of T decays larger by
factors of 10-20 compared to previous best (CLEO II)

Ul.LEhE

Todd K. Pedlar Recent QCD Results from CLEO-c



CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions

T (nS) Hadronic Transitions

@ Among important
bottomonium results that
I'll not talk about are

Mass(Mev) Trmgtionst;n*_ﬁor 00 @ Discovery of the 1D
0800~ il state (first CLEOIII
= ‘confrontation’ with
My(3S) Y(3S)351Q X2 h,@P) LQCD) PRD 70,
e S A ————— 032001 (2004)
nes, YIS &Luﬁ;;,,,fhg(ip) @ Discovery of a non-rrr
9900{~ T ~soomev hadronic transition
(xb1,2(2P)—wT(15))
g W PRL 92, 222002
9300 017" 1+ 123 (2004)

<ﬁ> <H> @ @ Discovery of

transitions between
non-vector states PRD
73, 012003 (2006)
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

Outline

e Physics at the T Resonances

@ T(nS) Leptonic Widths and Branching Fractions
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions

T (nS) Hadronic Transitions

b vy 7
vos) { EE i<
b o

@ The leptonic width of a quarkonium state is one of the
basic parameters calculable in LQCD.

@ At CLEO, we have recently measured anew decays of all
three T(nS) states that lie below open-bottom threshold to
all three lepton flavors.

@ Additionally [later] we have measured e e~ widths for [UTHER
each of the 3 lowest charmonium resonances that couple (OLIEGE

toete~
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Physics at the T Resonances

CLEO T(nS) Data Sets
T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

u* p~ Branching Fractions

In 2005, we published
new measurements of
B(T(nS)—u*p”)
Basedon 1.1 — 1.2fb~1
at each T(nS)

Open histograms: all
on-resonance data
satisfying analysis cuts
Shaded: scaled
continuum data

Points with errors:
difference

3910704-003
T

1 ™ " T ]
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S ]
= [ TS) ] r m
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Physics at the T Resonances

CLEO T(nS) Data Sets

T(nS) Leptonic Widths and Branching Fractions

T (nS) Hadronic Transitions

u* p~ Branching Fractions

Y(1S)

.

——

L
-
-
-

I .

rLUTO 79
CNTR 50
LEMA 52
DASP 82
CLEO 83
CLEO 84
ARGUS 87
CUSB &9
CLEO 59
CBAL 92
MD1 92
CLEO298
CLEO3 4

1 1

o0

B, (T(1S)) = 2.49 + 0.02 + 0.07%
B,.,(T(2S)) = 2.03 + 0.03 + 0.08%
B, (T(3S)) = 2.39 £ 0.07 + 0.10%
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

ete~ Widths of T(3S), T(2S) and T(1S)

More recently, we have reported measurements of the I for
T (nS) with significant improvement in precision (c.f Relative
Uncertainty on PDG 2004 Averages):

T(1S):2.2% T(2S):4.2% 7T(1S):9.4%

Near Resonance Below Resonance (for bkg)

11 Scans @ T(1S) 0.27 fb~? 0.19 fb1
6scans @ T(2S) 0.08fb~! 0.41 fb~t _
7scans @ T(3S) 0.22fb~? 0.14fb -1
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

e Method

3070406-011

10;\ T T T \n\ss)\ "n‘es\hap\e L \i
}\ ; e—————— ; Had ronlc events at 38
L _| dashed line is sum of bkg
a: | @ 1/sty =ttt qg
two-photon fusion
0.1 — . — —
:' E o 1es) A i cosmic rays A : o |n(S) e+e —>e+e Yy
: F T(1S) A n A8 " e* beam-gas/wal ] i -
ool o fmppat i, I Cosmics/beam-gas
E R TS S . 3 .
E “‘v“ M e~ beam-gas/wall ] o T(ZS, 1S)taI|S
PR ST N Y T [N TS T T (NS T SRS MR
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Center—of-mass Energy (MeV)
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Physics at the T Resonances

e Method

3070406-011

T(3S) lineshape

all backgrounds, mostly 1/s

two-photon fusion

vl bl el

1(28) cosmic rays
- - e
F 1(1S) . B a Ay AAA A € beam-gas/wall
E AESH B a0 pia a
E - yavvov
F 4 W% 4 wy Yy \
o v e~ beam-gas/wall

10300 10325 10350 10375 10400
Center—of-mass Energy (MeV)

CLEO T(nS) Data Sets
T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

Hadronic events at 3S:
dashed line is sum of bkg

@ 1/s:y*—=41T0,qq

@ In(s): ete —ete vy
@ Cosmics/beam-gas

® T(2S,1S)tails

Next: fit distribution, get lNeeMhag /ot
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CLEO T(nS) Data Sets

T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

Physics at the T Resonances

e Method

3070406-004
T T

1(28) 1(38)

Events /nb '

T P T A SN NN R NN RETE T S T TS R
9.44 9.46 9.48 9.5 9.52 10 10.0210.0410.0610.08 10.3410.36 10.38 10.4 10.42

Center-of-mass Energy (GeV)
Stat err: T(1S,2S,3S) : 0.3%,0.7%, 1.0%.
Chief Syst. Err: £ : 1.3%, €naq : 0.5%.
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

[ee Results

[eelhad /Tt (15) (1.252 & 0.005 + 0.019) keV
Teelhad/Ttot (25) (0.581 4 0.006 + 0.009) keV[ %
rcernd /T40t(35) (0.413 £ 0.004 % 0.006) keV
Tee(15) (1.354 + 0.005 + 0.020) keV| 1 .5
"ee(25) (0.619 £ 0.007 + 0.009) keV| 1.9
ee(gsy (0.446 £ 0.004 + 0.007) keV| 1.8
Iee(25) /Tee(15) (0.457 £ 0.006 &+ 0.003) [1.5
I.e(35)/T(1S) (0.329 + 0.004 + 0.002) |1.3
I'..(35)/T

25 0.720 4+ 0.011 + 0.006 ' [UTHER
««(25) ( ) 1.7 (OLEGE

Todd K. Pedlar Recent QCD Results from CLEO-c



CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

Comparison to Previous Experimental Results

Deviation from PDG average (%) 3070406-007
-15-10 -5 0 5 10 15 -15-10-5 0 5 10 15 -15-10-5 0 5 10 15
—_ T AL T
Pluto'79 | T(1S) : ™ Y (2S): : T(38) :
DESY-Hei 80 —— —— f ‘
LENA '82 [+ - : — : 3
DASP-Il 82 W — 3 3
CLEO-I'84 R e e H+H i—%%—l
Crystal Ball '8 bt W :
Argus '94 H——H — : : :
Novosibirsk '96 e | H——HH : : |UTHER
T T : : (OLIEGE
CLEO-IIl '06 e : HeH Bt '
AP S PR | I W PRI S
11 12 13 05 055 06 04 045 0.5
ree rhad /rtot (keV)
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

Comparison to unquenched LQCD

: ; . Tee(T(29))M2(T (29))
The best object for comparison is: Foe (T(19M2(T(19))

CLEO-c: 0.514 + 0.007 PRL 96, 092003 (2006).
LQCD: 0.48 £ 0.05 PRD 72, 094507 (2005).

12 son0s0600
(enlargement) -
“a 1
0.6 s %
s 08
s experiment ¢
— < 0.6
- s/
S 04 \extrapolat\on
&
04 “ 02

[

0 01020304 0506 07 08 09 1
Square of the Lattice Spacing (h?c?/GeV?)
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

T(nS)—77

@ We have recently measured 77 decays at all 3 lowest
T(nS) resonances

® Previously: B(T(1S)—77) known to 10%, T(2S)—7r
"seen", T(3S)—77 unknown.

@ Use 1-prong 7 decays (r—hv, 7—uvv), about 75%.
@ Ratio to "~ reported:

B(T(nS)—7T1)

R )
B(T(nS)— T~ [uTHER
(T(NS)—p*u™) S
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

T(1S)—77:

[ 1S On, Off Res TauPair ETot/Ecm |

6000

5000

4000

3000

2000

1000}
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

T(2S)—7T:

[ 2S On, Off Res TauPair ETot / Ecm |

5000— ",
+ §
| $ ".‘ Y@S) E[E,,
4000~ ! Y —— On Res
E — Off Res
3000[-
2000|-
1000 .
r [UTHER
e TEE (OLIEGE
i 0.2 04 06 0.8 1 1.2
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

T(3S)—7T:

3S On, Off Res TauPair ETot/ Ecm |
4500
4000
3500

3000

2500

2000

T[T T[T T [T [T T

1500

1000
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

T(nS)—7T:

1S On, Off Res TauPair ETot | Ecm

6000 —

; . Y(iS| E(UE,, |
T(1S) Yield: | 28113 + 534 5“’" = ki |

T(2S) Yield: | 11082 + 473 | ™

. 3000,
T(3S) Yield: | 7544 + 690 :
2000}
mm
"t; 02 04 [ 08 . 1 12
25 On, Off Res TauPair ETol | Ecm _ 35 On, Off Aes TauPair ETol | Ecm |
5000 — 4500 . ]
; S PETEEE, ] ™ ¢, [YES) ETEE,
000 ', | —— OnRes 3500 —— On Res
E 4 ' |——OffRes 3000 ¢ ' |[——OffRes
* ' e : : UTHER
i o QLIEGE
i 1500
mnni 1000
500
"'KI] 1 IIJ a0 0z 04 08 (1] 1 l|2
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Physics at the T Resonances

RTT = (BTT)/(B/,L/,L):

CLEO T(nS) Data Sets
T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

2500
o Again: Eyjs /Ecm =
*] Histogram: MC with B~ = B, 1500
R(T(19)): 1.06 £ 0.02 £+ 0.00 £ 0.03 1000
R(T(29)): 1.00 +0.03 £ 0.12 4+ 0.03
R(T(39)): 1.05 + 0.07 £+ 0.05 4 0.03 -
Err: Stat, Feedthru, Other Syst.

058
013

Maan
AMS

- AMS 0.1

|Mean 05!
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

Outline

e Physics at the T Resonances

@ T(nS) Hadronic Transitions
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

T(nS) Hadronic Transitions

Some new developments of late in hadronic transitions among
T(nS) states:

@ CLEO: finalizing high-statistics studies of 77~ transitions
T(nS)—T(mS)rw Plots shown today are preliminary
@ Belle: Observed T(4S)—T(1S)r 7~
@ BaBar: Observed T(4S)—7T(1S)r 7~ and
T(4S)—T(2S)r 7~
and an interesting picture emerges...

Todd K. Pedlar Recent QCD Results from CLEO-c



CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

nsitions

7 - 0.0 3031197-033
Mass(Mev) Transitions: T TTOr TU TU Had
10800— ~1i- adrons
. BBTheshold
10500—

10200

9900

9600

X@P) h 2P
b b
=

D (1D)

Hadronization

9300

012" 1+ 123

<ﬁ> <H> @ Emisé:m
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

T(nS) Hadronic Transitions

Dipion Cascades: Hot News

or What's So Special About An=27? =, . |
Belle: hep-ex/0512034 53
BaBar: talk at QCD Monond ‘06 w80

LEQ: very preliminary
Belle 25-15 ] Belle 45-1S

e «'.._vu g
_—a 1ut peak 3
Sl N

'3* e gk i} T
£ - S0 e S Ak AT st
i

S anebi 3 Belle 35-1 5
£

—

s

H

g Bud

e, ot W R R R R

= 45:1S; e
Zi1s0 ".’]'L"_‘;‘.’_i . #0% [ [ CLEO 3518 |
= 1. ¥ T very prehm:nary
,i 1K) 4 I: " 3 E
- A & S0 v r ? i b 5 ]L”HI-R
- * very Tl st (OLIEGE
—— prellmlnar)r o LA Tays t
= __I"_‘_-_"_ 04 0.6 0.8 iz
H. Vogel FRCETae -
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

T(nS) Hadronic Transitions

compare with

Dipion Transitions in cC 3o VTS0
CLEO-c Y(4260) — nn J/y +
BaBar X(3872) — nn Jiy 3% 4 4t *—|

- =R "“uamanonus s
CLEO-c w(3770) — nw J/y 405 H?:ur'](Ge‘:'} [AEFR!
BES W(3682) — nr Jiy .

; e e \ L1 |x{3_'ﬂ72}

- vi3e82)”

eV,

‘H‘L . Jr+Jr+

30§_' W(3770) T

08

TR

¢ E hep-ex/0602034 IUTHER
o 4 0. 5 0. e 0 7 PRD 71 (2005) 071103 QUECE
L M(n)(GeV) PRL 96(2006) 082004
hep-ex/9909038 p

H. Vogel FPCP 2006 27
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CLEO T(nS) Data Sets
Physics at the T Resonances T(nS) Leptonic Widths and Branching Fractions
T (nS) Hadronic Transitions

Some Additional Appetizers

More CLEO T Results in the pipeline :

@ Final Branching Ratios for T(nS)—7 7~ T(mS), and
relevant angular distributions
@ Searches for hy and ny, T(nS)—7T(mS)+ other hadrons

@ Build off success of our discovery of h¢ in
¥(2S)—hem—~707¢, in which we found

M(he) = 3524.4 + 0.6 + 0.4 MeV

AMy; =< M(®P;y) — M(h.) >= +1.0 + 0.6 + 0.4MeV
Future run of 30M (2S) will bolster the h; results

[uTHER
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DD at »(3770)
A Preview: Ds Physics
»(nS)—£1 £~ inRR from /s = 3773 MeV

Physics at the ¢(3770) and above Higher Charmonia: +(4040), 4»(4160), Y(4260)

Outline

e Physics at the (3770) and above
@ DD at (3770)
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DD at 1(3770)

A Preview: Dg Physics

»(NS)—£T ¢~ inRR from /s = 3773 MeV
Higher Charmonia: (4040), v(4160), Y(4260)

Physics at the (3770) and above

DD at 4(3770)

@ Produce DD, nothing
else: clean laboratory for
study of charm

@ Can tag either both
decays or only one, for
measurements of
absolute branching
ratios, Decay constants,
etc. o(DD), etc.

@ Rough equivalence:
100pb—* with double tag
=500fb~t at T(4S) with
both B’s reconstructed.

[uTHER
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DD at »(3770)

A Preview: Ds Physics

»(nS)—£1 £~ inRR from /s = 3773 MeV
Higher Charmonia: 1»(4040), v»(4160), Y(4260)

Physics at the ¢(3770) and above

Datasets at ¢)(3770)

CLEO-c has so far taken two runs at ¢(3770)
@ Sept’03 - Mar '04: [ £dt = 56pb~1
@ Sept’'04 - Apr’05: [ £dt = 225pb~1
Results from two samples:
@ 56pb~1:360kDD
@ the full 281pb—!: 1.8MDD

Further, over the next 2 years, expect to come to a total of at
least [ £dt = 750pb~1 at ¢(3770)

[uTHER
(OLIEGE
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DD at »(3770)
A Preview: Ds Physics
Y(nS)—~L7" £ in RR from v, s 773 MeV

Physics at the 4(3770) and above Higher Charmonia: 1/(4040), 4 60), Y(4260)

Leptonic D Decays

,F+

+ € w i 2
D'{ e cf m?
a v (D)= = Ve PEMIME (1 - =5 |
.

From leptonic decays, we can extract the decay constant fp.
@ SMpredictsev : pv: 7v =2.3 x 1072 : 1: 2.65 for D

@ While 7 has ~ twice the b.r., but the 2 neutrinos
produced make the measurement less clean

@ et is highly helicity suppressed (factor 10°)

Best bet is D™— T v: prior to ~ 2004, only a few events
observed.

Todd K. Pedlar Recent QCD Results from CLEO-c



DD at »(3770)

A Preview: Ds Physics

»(nS)—£1 £~ inRR from /s = 3773 MeV
Higher Charmonia: 1»(4040), v»(4160), Y(4260)

Physics at the ¢(3770) and above

D—uv Analysis Strategy

Six Tag Modes

Ktr—n | Kfn—nx0
Kgr™ Ker—n nt
x Ko o Kerm® | KK~

b Tag I - tully reconstructed

30000 T TR
-— [ ]
3 [
220000] 4
2 [
S
2
2 [
10000 4
& [
10000 v b luuy Ly [ L
184 185 186 187 188 189

Mg (GeV

D selection via:

Méc = Egeam - z(ﬁz)  AE = Epeam — X(Ei).

Todd K. Pedlar Recent QCD Results from CLEO-c

YB =26.4%, ¢ =20 — 55%
. ~ 160,000 tags in full 281pb—1
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DD at »(3770)
A Preview: Ds Physics
»(nS)—£T £~ inRR from /s

Physics at the 4(3770) and above Higher Charmonia: 1 (4040), 2 (

D—uv Analysis Strategy

s P K Tag D — fully reconstructed

———— T

et an €

w
M K‘Signal D

w
@ Detect the muon together with tagged D
@ We know ED+ = Epeam 5D+ = _5D—-
@ Compute the missing mass squared
MMZis = (Epeam — Ex)? — (Bp— + Pu)?

@ at MM2... = 0 we have our signal

3 MeV
, Y(4260)

[uTHER
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DD at »(3770)
A Preview: Ds Physics

Physics at the ¢(3770) and above BOR)=271 [ RREH /S IR

Higher Charmonia: (4040), v(4160), Y(4260)

D—puv in CLEO-c Data

From the CLEO-c 281pb ! set, we find:

120 ‘ 1\33110‘5-015
15F . i
o
L1
o = |
> 80| 5F
S 50 -0.05 0
50 Events £
40
(OLEGE

0 0.25 0.50
MM? (GeV?)
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DD at »(3770)
A Preview: Ds Physics

Physics at the 4(3770) and above p(nS)—L7 £~ in RR from /s = 3773 MeV

B(D—puv) and fp

Higher Charmonia: (4040), v(4160), Y(4260)

Backgrounds evaluated: DT —n*7%(1.4),K . 7+(0.33) and
77v,.(1.08) for a total of 2.81 events.
With our 50 events in the signal region, we then obtain

B(Dt—putv) = (4.40 £ 0.66709%) x 107,

Couple this with 7(D*) = 1.040 4+ 0.007ps and
IVea| = 0.2238 £ 0.0029 (PDG) and we obtain:

fo =222.6 £16.773% MeV.

CLEO-c: PRL 95 251801 (2005)
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DD at »(3770)
A Preview: Ds Physics
(nS)—£T £~ inRR from /s =

Physics at the ¢(3770) and above

¢ BES EXPERIMENT ==l
measurement J
based on CLEO< —— 2226116717 MeV
2.67+1.74 events | BES W ”
¢ Current Lattice THEORY i ik R
measurement 201=3 4 i Lattice QCD (FNAL & MILC)
(ununﬂCth l//)’ b Quenched Lattice QCD (UKQCD)
lighr_ﬂawors) is— | et Quenched Lattice QCD
consistent p—— QCD Spectral Sum Rules
4 But systematic e QCD Sum Rules
errors on theory ——a——  Relativistic Quark Model
& statistical . Potential Model
errors on data are Isospin Mass splittings |
still large T y =1
100 200 300 400 |UTHER
fp+ (MeV) (@]li¢;

Lattice: PRL 95 122002 (2005)
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DD at +(3770)
A Preview: Ds Physics
»(nS)—£1 £~ inRR from /s = 3773 MeV

Physics at the ¢(3770) and above Higher Charmonia: +(4040), 4»(4160), Y(4260)

Outline

e Physics at the (3770) and above

@ A Preview: Ds Physics UTHER
(OLIEGE

Todd K. Pedlar Recent QCD Results from CLEO-c



DD at +(3770)

A Preview: Ds Physics

»(nS)—£1 £~ inRR from /s = 3773 MeV
Higher Charmonia: 1»(4040), v»(4160), Y(4260)

Physics at the ¢(3770) and above

Ds at CLEO-c

@ fp, also calculable: fp, = 249 4 3 + 16 MeV. (1.1-1.3 usual
ratio to fp)

@ Best measurement thus far by Babar on 230fb —:
fog =279+ 17 £6 £ 19 MeV.

@ Ratioto our fp : 1.25

@ The last uncertainty is due to the absolute branching ratio
scale (i.e. Dg—¢m)
@ We are looking to obtain both precise Ds BRs, and fp_ in a

similar manner to our measurements for D mesons
LHER
(OLIEGE
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DD at +(3770)
A Preview: Ds Physics

X ) »(nS)—£1 £~ in RR from /s
Physics at the ¢(3770) and above Higher Charmonia: 1»(4040), 1»(4160),

o(e'e’—hadrons) (nb)

[ DATA PDG
sf
v SCAN E,
82 34 36 38" T — |

"Eq (GeV)

[uTHER
(OLIEGE

Scan of 12 points, 60pb~—? to obtain best running point for
studies of Ds BR and fp_

Todd K. Pedlar Recent QCD Results from CLEO-c



DD at +(3770)
A Preview: Ds Physics
»(nS)—£1 £~ inRR from /s = 37

Physics at the ¢(3770) and above Higher Charmonia: 1»(4040), 1»(4160),

Ds Cross Sections

DD . . o DD
~O%_op OB D%, pep,
FLocation that maximizes the . D.*D.*
= - .
0955+ yield. ; : 1 + 8 °F
08f ; :
07 | § i .
_08 | '
Ed i : v
041" Peak structure in DD, '
L R
02 i £
Eoio g it
01 * i _ ]
Eoi NI ER S NI I IOV YL ]L”HL_R
899 395 4 405 a1 415 42 425 43 (OLIEGE
Ecm (GeV) -

For production of Dg, we have chosen to run at 4170 MeV.

Todd K. Pedlar Recent QCD Results from CLEO-c



DD at +(3770)
A Preview: Ds Physics
»(nS)—£1 £~ inRR from /s = 3773 MeV

Physics at the ¢(3770) and above Higher Charmonia: 1»(4040), v»(4160), Y(4260)

Ds Branching Fractions

Mode | () (CLEG)
1029}, £0.06  |1.00+028

@ With only a first shot of 76pb—1: already world best.
@ We are currently wrapping up a full 200pb —! sample THER
@ Ultimately we will have no less than 750pb —* total. (OLEGE

Hence: much more precise BR'’s for these and other modes,
and a few percent measurement of fp_ are expected.

Todd K. Pedlar Recent QCD Results from CLEO-c



DD at +(3770)
A Preview: Ds Physics
¥ (nS)—£" £~ inRR from /s = 3773 MeV

Physics at the ¢(3770) and above Higher Charmonia: +(4040), 4»(4160), Y(4260)

Outline

e Physics at the (3770) and above

IR
@ ¢(nS)—¢*¢~ in RR from /s = 3773 MeV

Todd K. Pedlar Recent QCD Results from CLEO-c



DD at +(3770)

)~ in RR from /s = 3773 MeV

Physics at the ¢(3770) and above Higher Charmonia: +(4040), 4»(4160), Y(4260)

non-DD decays of ¢(3770)

CLEO-c has made a number of other important measurements
of non-DD decays of ¢(3770)

® 0nag (1(3770)) (c.f.o(:4(3770)—DD)) and I'ee (¥(3770))

@ By measuring oo, and taking M and l',; from PDG, obtain
Me+e- (¥(3770)) = 0.204 4+ 0.003* (77 keV .

@ B(¢(3770)—~yxc3(1P)): argues for 1(3770) as dominantly
3
D1

@ several others

In addition, while studying non-DD decays of (3770),
investigated

Todd K. Pedlar Recent QCD Results from CLEO-c



Physics
Physics at the ¢(3770) and above » ) in RR from /s = 3773 MeV

Higher Charmonia: 1»(4040), v»(4160), Y(4260)

lee(J /), Ttot(J /1), Mee(1(2S)) /Tee(d /1)

While running at ¢/(3770), we have been able to measure the

dielectron widths of ¢(2S) and J /¢ through radiative return, to
excellent precision:

103k T Jhy fﬁ‘ . _‘

Pl i

% ui; 0 0.025 0,05 0.0 """b"'z'"d""o"ﬂ

@ S 5 0,075 0.1 0,125 0.15 0.175 /

g real RN Ty (1(28)) = 2.54:£0.03+0.11keV

i 3000 J i ]
25001 i E
oo \THER
o O . T (OLIEGE
so0f | E

0.07 008 0.09 0.
k (GeV)
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DD at +(3770)
A Preview s

¥ (nS)—£" £~ inRR from /s = 3773 MeV
Higher Charmonia: (4040), v(4160), Y(4260)

lee(J /), Ttot(J /1), Mee(1(2S)) /Tee(d /1)

Physics at the ¢(3770) and above

Select pu+ = (y) events with M(u™p~) = M(J /). Cross section

that results is o BM+M_ [ee

B(3/p—ptu) % Tt g (3/¢) = 0.3384 £ 0.0058 £ 0.0071 keV
Divide resulting cross section by B(J /v—utu™):

Mete-(J/1) =5.68+0.11 + 0.13 keV.

Assume lepton universality, and get 't (J /7))

Mot(3/¥) = 95.5 4+ 2.4 + 2.4 keV

Todd K. Pedlar Recent QCD Results from CLEO-c



DD at (37
A Preview: Ds Physics
¥ (nS)— in RR from /s = 3773 MeV

Physics at the ¢(3770) and above Higher Charmonia: +(4040), 1(4160), Y(4260)

For comparison: J /¢ e*te~ width measurements

3901205-022
A A L L U
CLEO 05 rad. ret. from ¢(3770) e+
Phys. Rev. D 73, 051103-22
PDG 04 / 05 evaluation

BaBar 04 rad. ret. fromT (4S) o
PRD, 011103(R) (2004)

BES 95 ete~scan —e—i
PLB 355, 374 (1995)

fit 92

PRD 45, 2181(R) (1992)

fit 89

NPD 320, 45 (1998)

DASP 79 ——

ZPhys C1, 233 (1979)

FRAG 75 e
PLB 58, 491 (1975)

MRK1 75 ——
PRL 34, 1357 (1975) |UTHER
FRAM 75 ———— (OLIEGE
LNC 14, 73 (1975)

1 2 3 5 6

4
Jp
r)/Y (kev)
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Physics
. ) p(n in RR from /s = 3773 MeV
Physics at the 4(3770) and above Higher Charmonia: +(4040), 1(4160), Y(4260)

lee(J /), Ttot(J /1), Mee(1(2S)) /Tee(d /1)

Taking the 2S to 1S ratio, we find:

Mo+a— (¥(29))

=t _—— =045+0.01+0.02

and again making the ratio most useful for LQCD:
R(cE) = =S ES) we find R = 0.64 +0.03
Comparing to previous world average:

Byt~ (/9) X Tere-(/9) 30% 3.2%
Moto-(3/0) 3.0% 3.1%

Mot (3 /7)) 3.4% 3.5%

Moo (V(29))/Tre-(3/¥) 49% 65%

PRD 73, 051103(R), (2006). PRL 96, 082004, (2006).

Todd K. Pedlar Recent QCD Results from CLEO-c



s Physics
»(nS)—£1 £~ in RR from /s 3 MeV

Physics at the ¢(3770) and above Higher Charmonia: (4040), v (4160), Y(4260)

Outline

e Physics at the (3770) and above

@ Higher Charmonia: ¢/(4040), ¢/(4160), Y(4260)

Todd K. Pedlar Recent QCD Results from CLEO-c



DD at +(3770)
A Preview: Ds Physics

Physics at the ¢(3770) and above BOR)=21 [ RR 6 /S = Srre Y

Higher Charmonia: (4040), »(4160), Y(4260)

Higher Charmonia: v)(4040), ¢/(4160), Y(4260)

BaBar discovery

CLEO Ill Confirmation
PRELIMINARY - 4.9¢

PRL 95, 142001 (2005)

Events / 20 MeV/c?
Events /40 MeV

Todd K. Pedlar Recent QCD Results from CLEO-c



DD at +(3770)
A Preview: Ds Physics

Physics at the 4(3770) and above p(nS)—L7 £~ in RR from /s = 3773 MeV

Higher Charmonia: (4040), »(4160), Y(4260)

Higher Charmonia: v)(4040), ¢/(4160), Y(4260)

1630501-059
T

CD

5 o 77 T
E o [mARK] [\)
4 [ MARKIILGW

+++

A ME
z;é
¢> J /W(ls) W(ZS) ‘ ‘ ‘

1 3 4 5 6 7
E,, (GeV)

Y (4260) is at a minimum in R

Todd K. Pedlar Recent QCD Results from CLEO-c
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DD at +(3770)
A Preview: Ds Physics

Y(nS)—~L7" £ in RR from v, s 3773 MeV

Physics at the 4(3770) and above Higher Charmonia: (4040), v (4160), Y(4260)

miw (@)

=]

vy (b)  wisesan

=]
T

| wi4180) viazen)

--—
w(4160) 4120-4200
”\(i’ ﬁ(B'IB'—'Y 14!(253;
F oo o diy “M{.E{_:%k:!j__ .
iy

a(nb) JLdt(pb”)

= =" Jhy

Search for 16 final states with : “.W
Jhy, W(2S), Yoy O @

= wr diy  ole*e’ - Jhy)

@ (nb)

Use ete—yy(2S) to verify

efficiency, background, luminosity. SN THER
(OLIEGE
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Events/(8 or 4 MeV)

iy
[=]
T

(=]

Physics at the (3770) and above

(=]

[X]
T

Nl

0

015 01 -0.05 0

0.05 0.
Missing Momentum (GeV)

DD at +(3770)
A Preview: Ds Physics

P(NS)—L7¢L

in RR from \/s = 3773 MeV

Higher Charmonia: (4040), »(4160), Y(4260)

Evt/100 MeV

M L N
b4 05 06 07 0.8 09 1 1.1 1.2 1.3

M(r"7) (GeV)

Y(4260)—r*n-JAy
confirmed @11c

First observation of
Y(4260)—n°7°JAy (5.10)
and first evidence for
Y(4260)—K*K-JAp (3.76),

plus in-progress open-
charm studies should
narrow the explanations.

(hep-ex/0602034, accepted by PRL)

Todd K. Pedlar

Recent QCD Results from CLEO-c




A Preview: Ds Physics
Y(nS)—~L7" £ in RR from v, 'S = 3773 MeV

Physics at the 4(3770) and above Higher Charmonia: 4(4040), (41 0), Y(4260)

Summary

@ Over the course of the past year or so, CLEO has
produced a wide array of results that provide important
checks/tuning for (L)QCD

@ Dilepton widths/branching ratios for many onia
@ Leptonic width for D (hence, fp)
@ A host of other first observations or precise confirmations

@ CLEO will continue to offer challenges to LQCD with

@ Continued searches for bb singlets
o atotal of 750 pb—* DD: improve fp (281pb~—1)
o atotal of 750 pb~! DsDs: improve BR(Ds), fp, (78pb~1)

@ 30M ¢(2S) lots of charmonium spectroscopy, incl. he, 7c R
(3V44(25)) AR

And an invitation: Session L12 (3:15, Cumberland F) - Many zm
CLEO-c D results including semileptonic decays and absolut & J
branching fractions

Todd K. Pedlar Recent QCD Results from CLEO-c



DD at +(3770)
A Preview: Ds Physics

p(NS)— 4 in RR from v/s = 3 MeV

Physics at the ¢(3770) and above

Cited CLEO publications

773
Higher Charmonia: (4040), »(4160), Y(4260)

[uTHER
(OLIEGE
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DD at +(3770)
A Preview: Ds Physics
. )(NS)—L7 ¢ RR fro S = 3773 MeV
Physics at the ¢(3770) and above P =rie [ rom v's [15 Me

Higher Charmonia: (4040), »(4160), Y(4260)

Observation of h

PRL 95, 102003 (2005)

: g 400 T e e
3°00% (a)] (b)]
= 4000 4300

200
100

E 1 I 0 | | :
350 352 354 350 352 354
M Crecoil)(GeV)
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DD at +(3770)

A Preview: Ds Physics

»(nS)—£1 £~ inRR from /s = 3773 MeV
Higher Charmonia: (4040), »(4160), Y(4260)

D~ single tags (281 pb?1): 158,354 + 496

Physics at the ¢(3770) and above

12000 : 4000 . 16306‘05-0051
[(a) 1 °f ]
r 13000F E
. 8000 ] r ]
- — [ ] r H B 77
D-—K*Trn > r fpo00f d D —Ktr a0
— {4000} Tonol ]
3 Olsd) 1 ot ]
u§7 o T T il T T T Ranns
51600 (e) ~3000f- E
©1200F ER: ]
g f J2000F :
@ 8000 I {
2400} {1000 :
2 oa . 1 oob s
23000 (e O ——
(e) [(f) 1
2000f- 1 8o0f ]
— . O r 1
D —Kgr 7 I 1
S 1000f 3 400" ]
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DD at 1(3770)
A Preview: Ds Physics
. ) »(nS)—£1 £~ inRR from /s = 3773 MeV
Physics at the 4(3770) and above Higher Charmonia: 4(4040), (4160}, Y(4260)

The Real 3(Dg—>¢n*)

s The FOCUS Dalitz plot analysis has the ¢r*
fraction of K*K-n+ =0.45+0.01

= Dividing by the CLEO number for
B(Dg— K*Kn*) by B(d—>K*K)=.491, gives

B(Dg—>¢7*)=(4.16+£0.41)%

= This is the branching ratio that is most
appropriate to compare with theoretical
calculations

Todd K. Pedlar Recent QCD Results from CLEO-c



A Preview: Ds Physics
»(nS)—£1 £~ inRR from /s = 3773 MeV
Higher Charmonia: (4040), »(4160), Y(4260)

Physics at the ¢(3770) and above

Y(4260) in CLEO-c data

2340308001

2| e @
Yl g CLEO Data:
S e ® w7 T3 Dgscan + 4.17GeV + 3.77GeV
£ ] | ¥
¥ b et Channels studied:
wﬁe«e—_wms}, 15 with charmonium + ¢nn
g 1 e gty T !
© | oaay **’*\at B Cross-check: e*te- —yy(2S) v
Cndiy + 1
; Signals at 4.26GeV: n*n J/w
e ) . ole*e =T JNy) ] Lie) IOEOJ/U G:da),
e & T Jiy 7 p
Ea o 0 dre ] KKJ/y (3.70)
o
2 13 [UTHER
+ - = 2
a3 -t == (OLIEGE
3.7 3.8 3.9 4 4.1 4.2 43
Vs (GeV)
LEPP NSF Review H. Mahlke, Charmonium 21
4/18/2006
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Physics

. ) ¢~ in RR from v/s = 3773 MeV
Physics at the ¢(3770) and above Higher Charmonia: (4040), v (4160), Y(4260)

- 7

L] r =

E & ; 02 WS

[ r

-+

~ sk o

'3 L

&

= 4F ! .. o .o
S| - 3638 4 42444648 5 52

clean 4.90 signa THER
seen in ISR from 13.3fb~1 at T(1, 2, 3,4S) (OLIEGE
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DD at +(3770)
A Preview: Ds Physics

Physics at the 4(3770) and above p(nS)—L7 £~ in RR from /s = 3773 MeV

Higher Charmonia: (4040), »(4160), Y(4260)

ohad (¥(3770)) and ee(10(3770))

@ Use double-D tags, simultaneously fitting for 6 charged
and 3 neutral decays of D* and (D°/D°):
@ Effectively a count D’s to arrive at a DD cross section for
¥ (3770)
o(ete~—DD) (6.39+0.107335)nb
o(ete~—DD")  (3.60 +0.073%)nb
o(ete”—D*D™) (2.79+0.0773%)nb
Charged to Neutral Ratio:
o(ete"—D*D™

o(ete"—DD")

0.014
= 0.776 +0.024 5 s

PRL 95, 121801 (2005).
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DD at +(3770)
A Preview: Ds Physics

Physics at the li'(3770) and above P(NS)—£L7 ¢ in RR from /s = 3773 MeV

Higher Charmonia: (4040), »(4160), Y(4260)

ohad (¥(3770)) and ee(10(3770))

We have also studied the number of hadronic events, Nj4q in
these data (selection essentially counts Ny, > 3 and

Evis/\/g > 0.3.
With continuum subtraction from data taken below v (2S) and
subtraction of known RR to ¢¥(2S) and J/«, we find:

Thad (¥/(3770)) = 6.38 + 0.08 1335 nb.
We then have

0, oD = Phad (V(3770)) 0 5 (14(3770)) = ~0.01:0.08+3 45 nb.

The observed non-DD decays are consistent with this small UTHER
difference. Then, taking the observed total cross section, plusfQL
M(1(3770)) and I'(x(3770) from PDG, we obtain:

Me+a-(#(3770)) = 0.204 + 0.0.003 553 7keV .

Todd K. Pedlar Recent QCD Results from CLEO-c



A Preview: Ds Physics
»(nS)—£1 £~ inRR from /s = 3773 MeV

Physics at the ¢(3770) and above Higher Charmonia: (4040), v (4160), Y(4260)

Dilepton Decay Summary from CLEOIII/-c

CLEO has ammassed a large number of measurements of the
important dilepton decays of both bottomonium and
charmonium

Quantity CLEO Result Previous World Avg

r

Cor /T (T(ES))
oo/ - (1(29))
(7

()
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