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CLEO Y and X, Results: Outline

® The Y system
® CLEO Detector
® CLEO Data Sample

e B_Production at the Y(55)

® Y—TT, ee
® Direct Photons in Y Decay
® Y(1S)—h*hy

® X, X, Transition
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The Y System

® The Y is a bound state of bb

® CESR collides e+e- to produce Y (nS) >V\ANV\<
states

® For n>= 4,the Y decay to B mesons C

and b-baryons

e For n=1,2,3 - below B threshold - bb
annihilate - can produce hadrons or )VVVVV\<
lepton pairs

® Also cascades to other n(25+ I)LJ %

states mostly via Y or TT TT emission ;;
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The Y are part of the Y(4S)

— B threshold
boffom-onium Family ....................................................................... § ....................
QCD anC‘lOg of nb(35) Y(3S) Discovered
positronium 777 Xp(2P) h (2P)  CLEO 2003

Y(1D)

b quark is heavy -  _ =~ -t
Non relativistic QM n,(2s) 222
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Are Upsilons Interesting!?

Quenched Unquenched
Most Upsilon decays T 1 . I —
unaccounted for: ZBR(Y(ls)) P e 1
< 10% in PDG a ) M
n 3M:-M, i

e 2M, -M e
Another place to study the i \I’(lBPs—lg) i
b quark — Y(1D-1S)  +

= |y@p-15)  +
Non perturbative QCD i = | Y(35-1S) -
laboratory i [YAP-15 o+
if LQCD I’ight here it mlght be 08 1 1.1 go 1 1.1
right elsewhere LQCD/Exp't (ni = 0) LQCD/Exp't {n¢ = 3)

hep-lat/0304004
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RICH
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Excellent Tracking Coverage roameine
and Resolution SC Quadrupole
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Ring Imaging Cerenkov
and dE/dx for PID
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Rare Earth
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CLEOIII has the
largest world sample

of clean Y events
below b threshold

Also has off resonance
and scan data

CLEO has also collected
0.42 fb! at the Y(55)
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Bs Production at Y(55)
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Bs Production at the Y(5S)

e The 5S should produce BsBs, BsBs*, Bs*Bs* -
interesting place to run for strange B Factories

® But - no Bs yet observed at the 55

® Expect B(Bs—DsX) =92 +11% and
B(B—=DsX)=10.5+ 2.6%

® CLEO measures Ds—TT production vs
momentum for Off 4s, On 4s, On 5s

® Excess at 55 is from Bs®Bs(¥)

A

.\Q’b'

& _
Q¥ B(Y(55)—=BB:)=21 £3+9
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® Search for Bs =@ Y ®/n/n’ and N _ o0 oo
(%) 11~/ - 800l ek
Bs = Ds" r/p —000r I e
e Clear dominance of Bs*Bs* _0‘255_ '
(expected) - Bs—> Y @/n/ r]
_Ovsg'ZSI - N\;IS ?% (‘iorlwdl|dotle) (GeV/c) >
: Bs Bs* _
Results forthcomin _ | BsBs \ .
g EOOO- \ ﬂm@ |
o = r
b Bs* Bs>*<
Bs — Ds( ) Tl' / p

M,.(B, cond|dote) (GeV/c )
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Y Decays to 2
Leptons
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Y Decays to 2 Leptons

® Y—|*|" interesting as a probe of the bby
vertex

e Universality of (e,e), ( , ), (1,7 final
states (N.B.: Phase space effects tiny)

® Probe of possible new physics (eg: Sanchis-
Lozano hep-ph0503266)

e Test Bed for Lattice QCD (See talk by C. Davies
on 7/26)
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Y Decays to 2 Leptons

This Morning’s Status

PDG2005 IS 25 35S

B(ee) 2.38+0.11% | 1.92+0.17% seen

B( ) 2.48+0.05% | 1.93+0.17% | 2.18+0.21%

B(TT) 2.670.15% | 1.7£1.6% z

B(ee) driven by older experiments - CBAL,ARGUS, CLEO
B( ) driven by CLEO 05 : PRL 94:012001,2005

B(TT) driven by old CLEO results
J.E.Duboscq CLEO Y and Xb Results 13
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New Analysis of Y =TT
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New Analysis of Y171

® Follow the Y=  technique:

® |dentify (TT) + () On & Off
Resonance - (use | Prong Tau decays = 75% of

all T decays)
® Signal = On Resonance - $* Off
Resonance S= ( Off )2
® Account for Interference Off Lor
Resonance

® Cross Check B(Y(4S)—171)=0
® Quote B(TT)/B( )
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l

4S On, Off MuPair Mass / Ecm _ |
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YoTT
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YoTT

Raw Yields IS 2S 3S
345020+ 1883 123185+1637 83545+238]
TT 28113+534 | 10821473 75441690$

=00
® Correct RawYields for Efficiency, Interference, Cascade Decays

\
& R(1S) = 1.06 % 0.02 % 0.00 % 0.03
\\(Q _ B(Y—T1T)
et R= BY— ) | R(2S) = 1.00+0.03+0.12 003

Q(
R(3S) = 1.05 £ 0.07 + 0.05 + 0.03

Errors are Stat, Cascade Feedthrough, Systematic

Cascade + Systematics will improve substantially in final result
Central values will also move a little

Caveat for Higgs Search (Sanchis-Lozano hep-ph0503266):
E(TTY)FE(TT)
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Investigation of Y —ee
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Investigation of Y—ee ~{iZ i

® [(Y—ee) probes Wave Function (LQCD)

e Direct Measurement of B(ee) using On-S*Off is hindered by
LARGE Bhabha Cross Section + is one step removed from
[(Y—ee)

® At CLEO - we can measure the Line Shape
O(ee=Y—X)vsE__

® Line Shape is a convolution of: :
® Y Physics [(ee—Y)=keV
® ISR - Kuriev+Fadin

® Accelerator Beam Energy Spread = 4 MeV
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Investigation of Y—ee ~{iZ i

e Method:

® Weekly Scans over
Resonances - Revisit Large

observed Y(3S) lineshape

Derivative Points for 10 ¢ ™
all backgrounds
Energy Calibration

- L

T T

e Select “hadronic” events

two—photon fusion

® Energy cut for 2y A TV S
- - =X o -
backgrounds (logs) 5 | 9 e e

Hadronic Cross—section in nb

N
0.01 J/Y A IV N AA@AMAA e" b=g 4 =

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, vav'v'vvv"

® Correct for T, cosmics, - v T T T eammgas

beam gas 10300 10325 10350 10375 10400

Center—of—mass energy in MeV

e Check Efficiencies with
Cascade Decays
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Investigation of Y—ee {i& i

e Fit Resultto I® o CESR@ISR

30

(@] ) (@] )
— T T T T T T T T [ T T T T T T T

Hadronic cross—section in nb

[6)
— T

A
/‘G ///)7/
%

,r
[Tee(25)=0.620£0.01 0£0012 keV ¥
! _42710.00910.009 keV

9.44 945 9.46 Q.47 9.48

10.01 10.02 10.03 10.04

10.34 10.35 10.36 10.37 10.38

Center—of—mass energy in GeV
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Dominant Syst = Lumi = 1.8%
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Direct Photons in Y
Decays
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Direct Photons in Y Decays

® Below B meson threshold, Y decays can occur via:

® virtual photon (Y*) )VWW\<

® 3 gluons (ggg) EYSYoYo)|
® 2 gluons + | direct photon (ggyY) Yoooo

OHOLONOLO.

® (Cascades

® |solating the Direct Photon gives info about (bb)
Wavefunction & (EM) + x(QCD)

N(ggy) _

RY= N(ggg) ~ O %em%acn)
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Direct Photons in Y Decays

® We look for hadronic events with a nice isolated
photon

® Backgrounds : 0 e Gt e

r— inclusive <Y (4S)

® ISR (hlgh XY) —— resonant hadronic PP

10 — MC ISR
- . —— MC ISR+PP

o T decays (low X))

102 E_ ! I|||I
- ]

Photon | ")

10' | ||||
|

Spectrum Below | X,=P(y)/Ebeam |
Y(4S) (1.20I - I0.115I - IO.I7OI - I0.95 1.20

XY
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Direct Photons in Y Decays

Raw Photon Energy
Distributions
with off Resonance Data .

and MC of Resonance 1°
feed through
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Inclusive Y(2S) Spectrum I.nC|. UUUUU Y(@S) Sp?ctrum
T I T T T T I T T T T I T T T T I I I
10° + inclusive Y(2S) = 10°} + inclusive Y(3S) .
% 1 E + nt hadronic (PP)
+ Continuum ]
E 10° o, +  Y(3S)—=Y(2S)—ggy .
e+ Y(3S)-Y(1S)— ]
W N (838)—=Y(1S)—ggy
10 ity
— -Hlﬁ_ Ry TR —
z T
z -HH. " +H+
i, |
4 P il !:.. |‘ E
] , ]
_ 10' “ !
i e (| O W ) || i
E 1
| | ||| ||\ il
0.20 0.45 0.70 0.95 1.20 0.20 0.45 o 70 0.95 1.20
X
Y
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Direct Photons in Y Decays

® Fit Subtracted Spectrum to an
exponential for “left over”
photons + direct photon model
(Field or Garcia+Soto)

N.B.: Models are strictly speaking for IS only
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Direct Photons in Y Decays: Results

_ N(ggy) _
RY= N(ggg) ~ O %em%acn)

N(ggg) determined from N(Y), PDG and MC /0/,
Ry(1S) = 2.90 + 0.007 + 0.22 % 0.15%

Ry(2S) = 3.49 £ 0.03 £ 0.58 £ 0.18%
Ry(3S) =2.88 + 0.03 £ 0.38 £ 0.12%

Errors are Stat, Syst, Model
Syst Error dominated by 11° modeling

® R(IS) consistent with previous values, similar syst,
but smaller stat error

® First measurement of R(2S), R(395)
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Y(lS)—>h+h_y
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Y(1S)—h*h-y

e Radiative decays probe 2 gluon structure

® Many interesting results from J/\
e tensor states f,(1270),f,'(1525)

e glueball candidate fJ(2220)
o X(1860) = pp threshold enhancement (BES)

® InY(1S), rates suppressed by (quC/qub)zz 0.025

® We look for Y(1S)=»hTh™y
® Require Ey > 4 GeV
® h?l|Ded as Ti/K/p with dE/dx and RICH
® Also use CM 4-momentum constraint for PID

e Use Off Resonance Subtraction
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Y(1S)—h*h-y

e Fit decay angles - get decay helicities for f2(1270) & f2°(1525) -
predominantly helicity O

L
® Fit Mass to spin dependent relativistic BW x ‘?96
o, v
B(Y(15)—Yf2(1270))=102+ 08 £ 0.7 x 10° 2 Q.

B(Y(1S)—yf2’(1525))=3.7 +0.9-0.7 +0.8 x 105 <
B(Y(1S)=YKK)=1.14 +0.08 £ 0.10 x 10> 2GeV<M(KK)< 3GeV
B(Y(I1S)—yf2(980)—Tr1T) <3 % 107
B(Y(1S)—=yf2(2050)—T1r1T) < 0.6 X 10
B(Y(1S)—=yf0(1710)—KK) < 0.7 x 107

B(Y(IS)—=ypp)<0.6 x 10 2GeV<M(pp)< 3GeV

Limits on f,(2200) and X(1860) around 107

Complimentary analysis under way for ITOTIOY , NNY, rror]y All results Preliminary
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Observation of

Xp,(2P) =X, (1P)T T
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xb(2 P)—»xb(lP)Tr+Tr-

Search for yTrTTY (ee) ()

a’s,
et Xp, ~Dominant backgrounds
Y(3S) —Y(2S) Tt Same final state
—Xp v
Xpb  YBS)— Xp'y —YAS)Y
L Y(1S) w Lose ay
L st O

Y(3S)—Y(2S) Tt
L v(1S) 0m© Lose 2'Y

\ Y&
N\ : 7 V. ”
T are low , /
1/ \ //
I/ o \\ \
momentum - ) RN
i\ :
hard to track / )
\\ ¥ / ;'/ N y, //
2 | \ \\‘\\‘\A‘\ /,,//’ﬂ/ g / s /) \ i \\\ s //’// 7 & /
- 2 analyses N N / N Y,
\&\ . 9 // \\\\ . . . // V4
Single Pion Di-Pion

J.E.Duboscq CLEO Y and X}, Results 34 EPS2005



200

<140
Q

5120

60L

180/

160

100

80—

Signal MC

. aaClB@sfo = =+ s+ o
...................

111111111111111111111111111

200

160—

80—

60L

xxxxxxxxxxxxxxxxxxxxxxx

J.E.Duboscq

Xp(2P) =X}, (1P)Tr+11-: Di-pion
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Xp(2P) =X, (1P)1r+11- Results

® Single Pion Analysis see |7 events, background
expected to be 3.3 events, €= 8.5%

® Single Pion + Di-Pion significance = 60

First Observation of a 1T 1T transition outside
of 3SI system

J.E.Duboscq CLEO Y and X}, Results 36 EPS2005



CLEO Y Results Summary

® First Observation of Bs Production in Y(5S) decays
® First Observation of Y(3S)—TT

® Precision results on B(Y=TT)/B(Y—> )

® Direct Measurements of [ (Y —ee)

® Measurements of Direct Photons in Y = XY

® Measurements of substructure in Y(lS)—>h+h_y

e First Observation of X, =X, Tt T

Many more CLEO results still in the
pipeline - stay tuned
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