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CharmoniumCharmonium Transitions Transitions
Transitions between ccTransitions between cc
bound states provide abound states provide a
rich experimentalrich experimental
landscapelandscape
•• Allow comparison of manyAllow comparison of many

QCD predictions to realityQCD predictions to reality
•• Relativistic & non-Relativistic & non-

perturbativeperturbative regimes regimes
Will show measurementsWill show measurements
relating to *all* of therelating to *all* of the
transitions shown at righttransitions shown at right
CLEO datasetsCLEO datasets
•• ~1.5M ~1.5M ψψ(2S) w/CLEO III(2S) w/CLEO III
•• ~1.5M ~1.5M ψψ(2S) (2S) w/CLEO-cw/CLEO-c
•• ~24M  ~24M  ψψ(2S) (2S) w/CLEO-cw/CLEO-c
•• ~21 pb~21 pb-1-1  ““continuumcontinuum””

((√√s = 3.67 s = 3.67 GeVGeV))
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New Results since QWG05New Results since QWG05
ψψ(2S) (2S) →→ X J/ X J/ψψ branching fractions branching fractions
•• Improved Improved systematicssystematics
•• Surprises foundSurprises found
ψψ(2S), J/(2S), J/ψψ  →→  γγ  ηηcc(1S) branching fractions(1S) branching fractions
•• LineshapeLineshape  systematicssystematics
•• Implications for Implications for ηηcc mass mass
ψψ(2S) (2S) →→  γγ  ηηcc(2S) branching fraction(2S) branching fraction
hhcc : Final mass, product branching fraction : Final mass, product branching fraction

NEW forNEW for
QWG   !QWG   !
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ψψ(2S) (2S) →→ X J/ X J/ψψ
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ψψ(2S) (2S) →→ X J/ X J/ψψ branching fractions branching fractions

CLEO measured all exclusive & inclusive     CLEO measured all exclusive & inclusive     ψψ
(2S) (2S) →→ X J/ X J/ψψ branching fractions in a single branching fractions in a single
analysis for the 1analysis for the 1stst time in 2005 time in 2005
•• 3M 3M ψψ(2S) decays(2S) decays
•• J/J/ψ→ψ→ee++ee--, , µµ++µµ--

•• Absolute BR errorsAbsolute BR errors
   dominated by 3%   dominated by 3%
   sys error in N(   sys error in N(ψψ(2S) )(2S) )
•• Puzzle with Puzzle with χχc0c0 rate  rate ––
   too few events to diagnose   too few events to diagnose

Why do it again?Why do it again?
•• 8x data : solve 8x data : solve χχc0c0 puzzle? puzzle?
•• Get another crack at reducing systematic errorsGet another crack at reducing systematic errors

20052005

Eγ-low(GeV)

PRL 94, 232002 (2005) 
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ApproachApproach
Published as Published as PRD 78, 011102(R) (2008)
Use the full 27M Use the full 27M ψψ(2S) sample(2S) sample
Use Use J/J/ψ→ψ→ee++ee--, , µµ++µµ--  onlyonly for XJ/ for XJ/ψψ modes relative to one modes relative to one
anotheranother
•• Use Use bremsstrahlung bremsstrahlung recoveryrecovery
•• Constrain leptons + collinear Constrain leptons + collinear γγʼ̓s to M(J/s to M(J/ψψ))
•• Loose cut on Loose cut on χχ22/dof <20 for vertex & mass fits/dof <20 for vertex & mass fits
•• Background-free; all J/Background-free; all J/ψψ cuts cancel in ratios cuts cancel in ratios

Anchor Anchor relativerelative XJ/ XJ/ψψ rates to a new  rates to a new absoluteabsolute
measurement of measurement of BB+-+-≡≡ B( B(ππ++ππ-- J/ J/ψψ))
•• Count Count ψψ(2S) (2S) inclusivelyinclusively & model acceptance & model acceptance
•• Count Count ππ++ππ-- J/ J/ψψ  inclusivelyinclusively (not like 2005, not  (not like 2005, not dileptonsdileptons))
•• Divide the twoDivide the two
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New BNew B+ -+ -≡≡ B( B(ππ++ππ-- J/ J/ψψ) ) MsmtMsmt
Minimize Minimize systematicssystematics
•• Fit Fit ππ++ππ-- recoil mass for J/ recoil mass for J/ψψ
•• Study trigger & tracking Study trigger & tracking εε ʼ̓ss
•• Careful modeling of Careful modeling of J/J/ψψ, , ψψ(2S), &(2S), &
χχcJcJ  decays (decays (BRsBRs, multiplicities), multiplicities)

•• Accept essentially all J/Accept essentially all J/ψψ, , ψψ(2S)(2S)
decays & countdecays & count
 εε=40% for =40% for ππ++ππ-- J/ J/ψψ: N=9.6M events: N=9.6M events

Dominated by Dominated by εε for wide angle  for wide angle ππ±±
with with ppTT>150 >150 MeVMeV

 εε=76% for =76% for ψψ(2S): N=27.4M events(2S): N=27.4M events
•• Subtract continuum with CLEO-cSubtract continuum with CLEO-c

continuum data sample, not MCcontinuum data sample, not MC
•• Error: Error: ππ++ππ--J/J/ψψ (0.7%),  (0.7%), ψψ(2S) (2%)(2S) (2%)

BB+ -+ -= ( 35.04 = ( 35.04 ±± 0.07  0.07 ±± 0.77 ) % 0.77 ) %

Counting 
π+π- J/ψ,
J/ψ→all

Shape from
π+π- J/ψ,
J/ψ→ee,µµ

Counting 
ψ(2S)→all

±±2.2% relative 2.2% relative 
total errortotal error

~4.4% (relative)~4.4% (relative)
larger than CLEOlarger than CLEO
2005 2005 
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Modeling XJ/Modeling XJ/ψψ, J/, J/ψ→ψ→ee++ee--, , µµ++µµ--

Negligible continuum Negligible continuum bgdbgd
Spectacularly goodSpectacularly good
data/MC agreementdata/MC agreement

⇒⇒Tiny dependence on exactTiny dependence on exact
cut valuescut values

Points: Data
Dotted: Signal MC
Solid: All MC
Blue dash: Cont.

any + J/ψ

any + J/ψ

π+π- J/ψ

π0π0 J/ψ

η(γγ) J/ψ

η(3π) J/ψ

π0 J/ψ

Bhabha
suppression
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ψψ(2S) (2S) →→  γγ  γγ J/ J/ψψ thru  thru χχcJcJ

χc2 χc1 χc0

Since 2005:
• 8x data
• Put χc1 BW tail into MC
• Wt χcJ BW by Eγ

3 in MC
• Allow non-res. γγJ/ψ

⇒χc0 component is now
         ~30% smaller than
         CLEO 2005 result

Impose
4C fit

χc2

χc1

non-res γγJ/ψ

log
scale

20052005

Agreement
with MC:
good   bad
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Numerical ResultsNumerical Results

Derived quantities:Derived quantities:
B(B(ππ00 J/ J/ψψ) / B() / B(ηη J/ J/ψψ) = ( 3.88 ) = ( 3.88 ±± 0.23  0.23 ±± 0.05 ) % 0.05 ) %
B(B(χχc2 c2 →→  γγ J/ J/ψψ) = ( 24.1 ) = ( 24.1 ±± 0.2  0.2 ±± 0.9  0.9 ±± 1.2 ) % 1.2 ) %
B(B(χχc1 c1 →→  γγ J/ J/ψψ) = ( 40.5 ) = ( 40.5 ±± 0.3  0.3 ±± 1.4  1.4 ±± 1.8 ) % 1.8 ) %
B(B(χχc0 c0 →→  γγ J/ J/ψψ) = ( 1.35 ) = ( 1.35 ±± 0.07  0.07 ±± 0.14  0.14 ±± 0.06 ) %  0.06 ) % (was 2.0% in 2005)(was 2.0% in 2005)
B( B( ψψ(2S) (2S) →→ light hadrons ) = ( 15.4  light hadrons ) = ( 15.4 ±± 1.5 ) % (2.9 1.5 ) % (2.9σσ > scaled J/ > scaled J/ψψ rate) rate)
All these SUPERSEDE CLEO 2005 numbersAll these SUPERSEDE CLEO 2005 numbers

B[ ψψ(2S) (2S) →→  γγ  γγ J/ J/ψψ ( (non-resonant) ]  ≤ ~0.1%

PRD 78, 011102(R) (2008)
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Result ComparisonsResult Comparisons

BB+-+-  muchmuch larger larger
(~7%) than(~7%) than
PDG08 fitPDG08 fit
χχc1c1 ,  , χχc2c2 larger larger
than PDG08 fitthan PDG08 fit
χχc0c0 much much
smallersmaller than than
CLEO05 resultCLEO05 result
ImprovedImproved
precision for allprecision for all

PRD 78, 011102(R) (2008)
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ψψ(2S), J/(2S), J/ψψ  →→  γγ  ηηcc(1S)(1S)
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ψψ(2S), J/(2S), J/ψψ  →→  γγ  ηηcc(1S) (1S) BRsBRs
Almost all Almost all ηηcc(1S) PDG (1S) PDG BRsBRs tied to B( J/ tied to B( J/ψψ  →→  γγ  ηηc c ))

……which is poorly measured: ~30% errorwhich is poorly measured: ~30% error
•• Why?Why?

ηηcc has large, uncertain width:  has large, uncertain width: ΓΓ~30 ~30 MeVMeV, , lineshapelineshape??
Just one measurement: Crystal Ball 1986Just one measurement: Crystal Ball 1986
 Inclusive measurement of photon lines not easyInclusive measurement of photon lines not easy

especially when photons are soft: especially when photons are soft: 114 114 MeVMeV

Lattice: Lattice: DudekDudek et al., PRD73, 07450 (2006). et al., PRD73, 07450 (2006).

•• B(J/B(J/ψψ  →→  γγ  ηηcc) = ( 2.1 ) = ( 2.1 ±± 0.1  0.1 ±± 0.4 ) %: 1.5 0.4 ) %: 1.5σσ bigger than bigger than
B( B( ψψ(2S) (2S) →→  γγ  ηηcc(1S) ) = ( 0.30(1S) ) = ( 0.30±±0.05 ) % (PDG2008)0.05 ) % (PDG2008)
•• 2 measurements: Crystal Ball 1986 & CLEO 20042 measurements: Crystal Ball 1986 & CLEO 2004
•• CLEO is now revisiting this with a larger datasetCLEO is now revisiting this with a larger dataset
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Approach for Approach for γγ  ηηcc(1S)(1S)
Ryan MitchellRyan Mitchell ʼ̓s 2007 QWG talk was prelim versions 2007 QWG talk was prelim version

 now done: now done: arXiv:0805.0252. Uses 24M ψ(2S) sample.
1.1. Isolate exclusive Isolate exclusive J/J/ψψ  →→  γηγηc c ((ηηcc→→X)X)    decaysdecays

Unusual Unusual lineshape lineshape found for found for J/J/ψψ  →→  γγ  ηηcc!!
Parametrize Parametrize shape & fit for all X: count signal eventsshape & fit for all X: count signal events
Isolate exclusive Isolate exclusive ψψ(2S) (2S) →→  γηγηc c ((ηηcc→→X)X)  decaysdecays
Unusual (different) shape found for Unusual (different) shape found for ψψ(2S) (2S) →→  γγ  ηηcc
Empirically extract shape for all X; count signal eventsEmpirically extract shape for all X; count signal events

2.2. Use Use lineshape lineshape found in found in 2.2. to measure B( to measure B(ψψ(2S)(2S)→→  γγ  ηηcc))
from inclusive Efrom inclusive Eγγ  spectrum ( Espectrum ( Eγγ  ≈≈ 638  638 MeV MeV ))

3.3. RRX X = B( J/= B( J/ψψ  →→  γγ  ηηcc
XX  ) / B( ) / B( ψψ(2S) (2S) →→  γγ  ηηcc

XX  ) for exclusives) for exclusives
 Many systematic error cancellations expectedMany systematic error cancellations expected

4.4. Obtain B(J/Obtain B(J/ψψ  →→  γγ  ηηcc) by multiplying the result from ) by multiplying the result from 3.3.
by the result from by the result from 4.4. , thereby avoiding the difficulties , thereby avoiding the difficulties
in an inclusive analysis search for Ein an inclusive analysis search for Eγγ≈≈114 114 MeV MeV ..
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Exclusive Exclusive ηηcc(1S) Reconstruction(1S) Reconstruction
Use all knownUse all known
decays (except pp)decays (except pp)
+ 3 new ones: 12+ 3 new ones: 12
modesmodes
Full reconstruction;Full reconstruction;
use use dE/dx dE/dx & RICH& RICH
for Kfor K±±, , ππ±±
Tag J/Tag J/ψψ with  with ππ++ππ--

Constrain toConstrain to
laboratory 4-laboratory 4-
momentummomentum
w/kinematic w/kinematic fitfit
Extract signal withExtract signal with
EEγγ spectrum spectrum
•• Peak at Peak at ≈≈ 638  638 MeVMeV



NEWNEW

NEWNEW

NEWNEW

ψ(2S)→γ ηc raw yields
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Exclusive shapes & yieldsExclusive shapes & yields
Breit-Wigner lineshape Breit-Wigner lineshape does not fitdoes not fit
either J/either J/ψ or ψ(2S)→→  γγ  ηηcc data! data!

•• Steeper rise on low side; longerSteeper rise on low side; longer
tail on high sidetail on high side

•• Shapes are different from eachShapes are different from each
otherother

J/J/ψ→ γηc
MC: MC: bgd bgd has 2 smooth shapeshas 2 smooth shapes
•• spurious showers (fakes)spurious showers (fakes)
•• non-signal non-signal γγʼ̓s from s from ππ00ʼ̓ss

Matrix element expectationsMatrix element expectations
motivatemotivate

      BW x E      BW x Eγγ
33 x exp( E x exp( Eγγ

2 2 / 8/ 8ββ22 ) )

ψ(2S)→ γηc
MC predicts LINEAR MC predicts LINEAR bgdbgd
Expect BW x EExpect BW x Eγγ

77 x (cutoff ?) x (cutoff ?)
Count ( Data Count ( Data –– Linear  Linear Bgd Bgd ) as) as
signalsignal

Eγ (GeV)

Sum of exclusives
J/ψ → γ ηc 

Sum of 
exclusives
ψ(2S) → γ ηc 

Fakes
Real γ

Bgd fit
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Inclusive Inclusive ψψ(2S) (2S) →→  γγ  ηηcc(1S)(1S)
Cannot use shape fromCannot use shape from
exclusives-4C-fit constrainedexclusives-4C-fit constrained
EEγγ for  for inclusives inclusives becausebecause
inclusive distribution cannotinclusive distribution cannot
be constrainedbe constrained
Note that linear backgroundNote that linear background
in exclusives is identical ifin exclusives is identical if
the unconstrained Ethe unconstrained Eγγ is used is used
Fit inclusive EFit inclusive Eγγ to polynomial to polynomial
bgd bgd + floating signal shape+ floating signal shape
from from bgd-subtractedbgd-subtracted
exclusive distributionexclusive distribution

Exclusives
w/4C fit

Linear bgd is preserved

Exclusives
w/NO/4C fit

Inclusive
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εε  Ratio, Number by ChannelRatio, Number by Channel
ε(

J/
ψ

) /
 ε(
ψ

(2
S)

)
N(
ψ

(2
S)

 →
 γ 
η

c, 
η

c →
X)

Weighted ε-ratio of 
~65% is basically the 
efficiency of 
detecting the 
transition dipion in 
ψ(2S) → π+π- J/ψ ,
many other systematic 
errors nearly cancel
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Compute Compute BRs BRs for for ψψ(2S), J/(2S), J/ψψ  →→  γγ  ηηcc(1S)(1S)

From
XJ/ψ
analysis

≈ε(π+π-)

≈independent of mode

B( B( ψψ(2S) (2S) →→  γγ  ηηcc ) = ( 4.32  ) = ( 4.32 ±± 0.16  0.16 ±± 0.60 ) x 10 0.60 ) x 10-3-3

  B( J/  B( J/ψ→ψ→  γγ  ηηcc )  ) 
B( B( ψψ(2S)(2S)→→  γγ  ηηcc )  ) 
B( J/B( J/ψψ  →→  γγ  ηηc c )     = ( 1.98 )     = ( 1.98 ±± 0.09  0.09 ±± 0.30 ) 0.30 )  %%

~15% sys err mainly from varying signal & ~15% sys err mainly from varying signal & bgd bgd shapesshapes
& modeling unknown & modeling unknown ηηcc decay modes decay modes

arXiv:0805.0252

=   4.59 =   4.59 ±± 0.23  0.23 ±± 0.64 0.64  
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Lineshape Lineshape effects on M, effects on M, ΓΓ

Values of M & Values of M & ΓΓ from M1 transitions bias the from M1 transitions bias the
world average valuesworld average values
•• Effect of Effect of lineshapelineshape distortion  distortion w.r.tw.r.t. simple BW. simple BW

 γγ, pp

Avg

 ψ→γηc

 PDG  PDG
Avg Avg

Avg

 γγ, pp

 ψ→γηc
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ψψ(2S) (2S) →→  γγ  ηηcc(2S)(2S)
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ψψ(2S) (2S) →→  γγ  ηηcc(2S)(2S)
Not yet observedNot yet observed
•• 1982 Crystal Ball sighting (M=3592 1982 Crystal Ball sighting (M=3592 MeVMeV, B=0.2-1.3%) discredited, B=0.2-1.3%) discredited

 CLEO put limit (at CB mass): B[ CLEO put limit (at CB mass): B[ ψψ(2S) (2S) →→  γγ  ηηcc(2S) (2S)  ] < 0.2% ] < 0.2%
Too little is known about Too little is known about ηηcc(2S):(2S):

Mass Mass ⇒⇒ E Eγγ = 48  = 48 MeVMeV, where , where σσEE≈≈5 5 MeVMeV<<ΓΓ
•• Too soft, width too uncertain for pure inclusive observationToo soft, width too uncertain for pure inclusive observation

Try exclusive modes Try exclusive modes –– similar to  similar to ηηcc(1S)(1S)
•• Use ~26M Use ~26M ψψ(2S) sample(2S) sample
•• Avoid modes with more than one Avoid modes with more than one ππ00 due to larger  due to larger bgdsbgds
•• Validate on copious Validate on copious χχc2c2 decays: E decays: Eγγ  ≈≈128 128 MeVMeV
•• Also seek Also seek ηηcc(2S)(2S)→π→π++ππ--  ηηcc(1S)(1S)

PRD 70, 112002, 2004 
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ψψ(2S) (2S) →→  γγ  χχc2c2 Exclusive Decays Exclusive Decays

Good agreement with previously measured BRGood agreement with previously measured BR ʼ̓s & Es & Eγγ value value
Find 4 previously unseen decay modes, 3 of them of substantial BR!Find 4 previously unseen decay modes, 3 of them of substantial BR!
Validates code & signal normalizationValidates code & signal normalization
•• Does not test Does not test bgd bgd modeling as these signals are very largemodeling as these signals are very large
•• For For γγ  ηηcc(2S)  fits use fixed shape, floating normalization MC(2S)  fits use fixed shape, floating normalization MC
     of      of ““genericgeneric””  ψψ(2S)  decays (2S)  decays ––  bgd bgd is dominated by fakesis dominated by fakes

Previously

unseen modes

χχc2c2  →→ 2( 2(ππ++ππ--))

Eγ (GeV)BRs are only crosschecks,
not measurements. substructure!

stat errors only
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ηηcc(2S) Exclusive Decays(2S) Exclusive Decays
No signals seen in any mode!No signals seen in any mode!
KKKKππ is key is key
•• Only one for which an absolute BR is known:Only one for which an absolute BR is known:
•• BaBar: B[ BaBar: B[ ηηcc(2S) (2S) →→ K K  K K ππ ] = ( 1.9  ] = ( 1.9 ±± 0.4  0.4 ±± 0.5  0.5 ±± 1.0 )% 1.0 )%
•• PDG08: B[ PDG08: B[ ηηcc(1S) (1S) →→ K K  K K ππ ] = ( 7.0  ] = ( 7.0 ±± 1.2 )% 1.2 )%

ηc(2S)→π+π- ηc(1S)

Eγ (GeV)

KKπ: K+K-π0 + KSK+π-

MC Bgd

Signal shape
Fitted norm. PR
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ψψ(2S) (2S) →→  γγ  ηηcc(2S) Results(2S) Results

From KKFrom KKππ, , B[ B[ ψψ(2S) (2S) →→  γγ  ηηcc(2S) ] < 7.4 x 10(2S) ] < 7.4 x 10-4-4 @ 90%CL @ 90%CL

We expect for B: estimate by scaling from J/We expect for B: estimate by scaling from J/ψ→γηψ→γηcc case: case:
    B    B≈≈( 48/114 )( 48/114 )3  3  x x ΓΓ[J/[J/ψ→γψ→γ  ηηcc(1S) ] / (1S) ] / ΓΓtot tot [[ψψ(2S)] = (2S)] = 4x104x10-4-4

•• Measurement falls factor of 2 short of expected branching fractionMeasurement falls factor of 2 short of expected branching fraction
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hhcc
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hhcc: M & B(: M & B(ψψ(2S)(2S)→π→π00hhcc) ) x B(x B(hhcc→γη→γηcc  ))

Also averaging in CLEO 3M result

cos θ(γ)

1 + α cos2θ
α=1.20±0.53
Expect α=1

Σ Exclusive
15 ηc modes

M( π0-recoil ) (GeV)

Inclusive ηc

M( π0-recoil ) (GeV)

Hyperfine splitting:
Expect ~0 at lowest order

PRL 101, 182003 (2008) 
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Summary & ConclusionsSummary & Conclusions
ψψ(2S) (2S) →→ X J/ X J/ψψ  BRsBRs
•• Key statistical & systematic gains madeKey statistical & systematic gains made
•• B( B( ψψ(2S) (2S) →π→π++ππ-- J/ J/ψψ )  ) = ( 35.04 = ( 35.04 ±± 0.07  0.07 ±± 0.77 ) % 0.77 ) %
•• B( B( χχc0  c0  →→  γγ J/ J/ψψ )         = ( 1.35  )         = ( 1.35 ±± 0.07  0.07 ±± 0.14  0.14 ±± 0.06 ) % 0.06 ) %
ψψ(2S), J/(2S), J/ψψ  →→  γγ  ηηcc(1S)(1S)
•• Clever approach coupled exclusive & inclusive decaysClever approach coupled exclusive & inclusive decays
•• Found interesting & (naively) unexpected Found interesting & (naively) unexpected lineshapelineshape
•• BRBRʼ̓s moved a lots moved a lot
•• Lineshape Lineshape seems to resolve seems to resolve ηηcc mass & width discrepancies mass & width discrepancies
ψψ(2S) (2S) →→  γγ  ηηcc(2S) BR(2S) BR
•• Small exclusive rates trump largest dataset, modern detector, analysisSmall exclusive rates trump largest dataset, modern detector, analysis

expertise; improve upper limit:    B[ expertise; improve upper limit:    B[ ψψ(2S) (2S) →→  γγ  ηηcc(2S) ] < 7.4 x 10(2S) ] < 7.4 x 10-4-4

hhcc
•• Hyperfine mass splitting challenges theory: consistent with Hyperfine mass splitting challenges theory: consistent with ““00””

Even the most studied channels in Even the most studied channels in charmonium charmonium transitions still, intransitions still, in
2008, are yielding new & more precise results2008, are yielding new & more precise results
•• Improvements not always in small incrementsImprovements not always in small increments

Bodes well for a lively BES III era Bodes well for a lively BES III era ……
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Backup SlidesBackup Slides
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Transition analyses underway at CLEOTransition analyses underway at CLEO

Partial wave analysis of Partial wave analysis of ψψ(2S) (2S) →→  ππππ J/ J/ψψ
M2 / E1 in M2 / E1 in χχcJcJ radiative  radiative transitionstransitions
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XJ/XJ/ψψ  Internal Cross-checkInternal Cross-check
Are eAre e++ee--  & & µµ++µµ--

resultsresults
consistentconsistent
with onewith one
another ?another ?
Check w/ rateCheck w/ rate
relative to Brelative to B+-+-

Answer: Answer: YES.YES.
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Dependence of Dependence of ηηcc(2S) (2S) BxB BxB on on ΓΓ

CLEO results have been CLEO results have been parametrizedparametrized as a  as a fcnfcn of of
ΓΓ[[ηηcc(2S)(2S)] so they can still be useful as the value] so they can still be useful as the value
of of ΓΓ is refined. is refined.
•• Dependence of upper limits is linear in Dependence of upper limits is linear in ΓΓ..

<

PRE
LIM

INA
RY

PRE
LIM

INA
RY



B. Heltsley QWG TransitionsB. Heltsley QWG Transitions 3333

ηηcc(2S) Exclusives(2S) Exclusives

ΣExclusives
11 modes

Eγ (GeV)
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χχcJcJ  →→ Exclusives Cross-check Exclusives Cross-check


